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This edition of NFPA 13, Standard for the Installation of Sprinkler Systems, was prepared
by the Technical Committee on Hanging and Bracing of Water-Based Fire Protection
Systems, the Technical Committee on Private Water Supply Piping Systems, the Technical
Committee on Residential Sprinkler Systems, the Technical Committee on Sprinkler System
Discharge Criteria, and the Technical Committee on Sprinkler System Installation Criteria,
released by the Technical Correlating Committee on Automatic Sprinkler Systems, and acted
on by NFPA at its June Association Technical Meeting held June 4-8, 2006, in Orlando, FL.
It was issued by the Standards Council on July 28, 2006, with an effective date of August 17,
2006, and supersedes all previous editions.

A tentative interim amendment (TIA) to Section 7.2.3 was issued on July 28, 2006. For
further information on tentative interim amendments see Section 5 of the NFPA Regulations
Governing Committee Projects available at:

http://www.nfpa.org/assets/files/PDF/CodeStandards/TIAErrataFI/TIARegs.pdf

This edition of NFPA 13 was approved as an American National Standard on August 17,
2006.

Origin and Development of NFPA 13

NFPA 13 represents the first standard published under the auspices of the NFPA Committee
on Automatic Sprinklers. Originally titled Rules and Regulations of the National Board of
Fire Underwriters for Sprinkler Equipments, Automatic and Open Systems, the standard has
been continuously updated to keep in step with change.

Full information about the NFPA actions on various changes will be found in the NFPA
Proceedings. The dates of successive editions are as follows: 1896, 1899, 1902, 1905, 1907,
1908, 1912, 1913, 1915, 1916, 1917, 1919, 1920, 1921, 1922, 1923, 1924, 1925, 1926,
1927, 1928, 1929. In 1930, a separate standard was published on Class B systems. This was
integrated into the 1931 edition. Further revisions were adopted in 1934, 1935, and 1936. A
two-step revision was presented in the form of a progress report in 1939 and finally adopted
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in 1940. Further amendments were made in 1947, 1950, 1953, 1956, 1958, 1960, 1961,
1963, 1964, 1965, 1966, 1968, 1969, 1971, 1972, 1973, 1974, 1975, 1976, 1978, 1980,
1982, 1984, 1986, and 1989.

The 1991 edition incorporated an entire rewrite of the standard to make the overall format
user friendly. Substantive changes were made to numerous terms, definitions, and
descriptions, with additional refinements made in 1994.

The centennial (1996) edition included a significant rework of the requirements pertaining to
the application, placement, location, spacing, and use of various types of sprinklers. Other
changes provided information on extended coverage sprinklers and recognized the benefits
of fast-response sprinkler technology.

The 1999 edition encompassed a major reorganization of NFPA’s Sprinkler Project that
included the establishment of a Technical Correlating Committee on Automatic Sprinkler
Systems and four new sprinkler systems technical committees, the consolidation of NFPA’s
sprinkler system design and installation requirements, and the implementation of numerous
technical changes.

The scope of NFPA 13 was expanded to address all sprinkler system applications. The 1999
edition contained information on the installation of underground pipe from NFPA 24 and
sprinkler system discharge criteria for on-floor and rack storage of Class I, II, III, IV, and
plastic commodities, rubber tires, baled cotton, and roll paper that were previously located in
NFPA 231, 231C, 231D, 231E, and 231F. Additionally, sprinkler system information for
specialized hazards from over 40 NFPA documents was either copied into NFPA 13 using
NFPA'’s extract policy or specifically referenced. A new chapter was also added to address
the structural aspects of exposed and buried system piping. A table of cross-references to
previous editions and material that was located in other NFPA documents was included at
the end of the 1999 edition.

More specific changes included a new sprinkler identification marking system and the
designation of sprinkler sizes by nominal K-factors. New criteria for the use of steel pipe in
underground applications was added, as well as a new provision to guard against
microbiologically influenced corrosion. Obstruction rules for specific sprinkler types and
rules for locating sprinklers in concealed spaces were revised. New limitations were placed
on the sprinkler sizes in storage applications, and criteria for the K-25 sprinkler was added.
Additionally, the requirements for protecting sprinklers against seismic events also
underwent significant revision.

The 2002 edition of NFPA 13 underwent style formatting and technical revisions. The style
formatting was completed to comply with the Manual of Style for NFPA Technical
Committee Documents and to reorganize many of the requirements in NFPA 13 into unique
chapters. Editorially, NFPA 13 eliminated all of the exceptions and reworded them as
requirements where applicable, moved the mandatory references to Chapter 2, and relocated
all of the definitions to Chapter 3. In reorganizing NFPA 13, several new chapters were
created to consolidate requirements including the following: Chapter 10 contained all of the
applicable requirements for underground piping including materials, installation, and
acceptance testing; Chapter 11 contained design approaches including pipe schedule,
density—area method, room design method, special design areas, residential sprinklers,
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exposure protection, and water curtains; Chapter 12 contained the design approaches for the
protection of storage, including idle pallets, miscellaneous storage, storage less than 12 ft,
palletized, solid pile, bin box, and shelf storage, rack storage less than 25 ft, rack storage
greater than 25 ft, rubber tire, baled cotton, rolled paper, and special storage designs;
Chapter 13 contained all of the design and installation requirements from all of the various
documents that have been extracted into NFPA 13.

The 2002 edition made specific technical changes to address several key issues. Three major
areas of irregular ceiling were addressed, including skylights, stepped ceilings, and ceiling
pockets. The design requirements for ESFR sprinklers were expanded to allow the user to
choose the storage height and then the building height for any allowable arrangement. Design
requirements for the protection of storage on solid shelves were added. Requirements for the
installation of residential sprinklers were added that parallel the requirements for other types
of sprinklers.

For the 2007 edition, definitions were reorganized to locate all of the storage definitions in
one area, and several new definitions addressing private water supply terms were added. The
definitions and requirements of Ordinary Hazard Group 1 and 2 Occupancies were clarified
where storage is present. The requirements for trapeze hangers were clarified and made
consistent for all components, and the seismic bracing criteria were updated to ensure that
NFPA 13 contains all of the appropriate requirements for installation and design of seismic
bracing of fire sprinkler systems. The requirements for storage were further reorganized and
divided into separate chapters addressing General Requirements for Storage, Miscellaneous
Storage, Protection of Class I to Class IV Commodities that are Stored Palletized, Solid
Piled, Bin Boxes, or Self Storage, Protection of Plastic and Rubber Commodities That Are
Stored Palletized, Solid Piled, Bin Boxes, or Shelf Storage, Protection of Class I through
Class IV Commodities That Are Stored on Racks, Protection of Plastic and Rubber
Commodities That Are Stored on Racks, Protection of Rubber Tire Storage, Protection of
Roll Paper, and Special Designs of Storage Protection.

Prior editions of this document have been translated into languages other than English,
including French and Spanish.

Technical Correlating Committee on Automatic Sprinkler Systems (AUT-AAC)

John G. O’Neill, Chair
The Protection Engineering Group, PC, VA [SE]

Christian Dubay, Nonvoting Secretary
National Fire Protection Association, MA

Jose R. Baz, International Engineered Systems Limited, Incorporated, FL [M]
Rep. NFPA Latin American Section

Kerry M. Bell, Underwriters Laboratories Incorporated, IL [RT]

Russell P. Fleming, National Fire Sprinkler Association, NY [M]
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Scott T. Franson, The Viking Corporation, MI [M]

James B. Harmes, Grand Blanc Fire Department, MI [E]
Rep. International Association of Fire Chiefs

Luke Hilton, Liberty Mutual Property, NC [I]

Alex Hoffman, Viking Fire Protection Incorporated, Canada [IM]
Rep. Canadian Automatic Sprinkler Association

Roland J. Huggins, American Fire Sprinkler Association, Incorporated, TX [IM]
Sultan M. Javeri, SC Engineering, France [IM]

Andrew Kim, National Research Council of Canada, Canada [RT]

Donald C. Moeller, The RJA Group, Incorporated, CA [SE]

Joe W. Noble, Clark County Fire Department, NV [E]
Rep. International Fire Marshals Association

Eric Packard, Local 669 JATC Education Fund, MD [L]
Rep. United Association of Journeymen and Apprentices of the Plumbing & Pipe Fitting
Industry of the US & Canada

Chester W. Schirmer, Schirmer Engineering Corporation, NC [SE]
Robert D. Spaulding, FM Global, MA [I]

Lynn K. Underwood, Axis US Property, IL [I]

Alternates

Donald “Don” D. Becker, RJC & Associates, Incorporated, MO [IM]
(Alt. to Roland J. Huggins)

Thomas C. Brown, The RJA Group, Incorporated, MD [SE]
(Alt. to Donald C. Moeller)

George Capko, Jr., FM Global, MA [I]
(Alt. to Robert D. Spaulding)

Kenneth E. Isman, National Fire Sprinkler Association, NY [M]
(Alt. to Russell P. Fleming)

George E. Laverick, Underwriters Laboratories Incorporated, IL [RT]
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(Alt. to Kerry M. Bell)

Garner A. Palenske, Schirmer Engineering Corporation, CA [I]
(Alt. to Chester W. Schirmer)

Donato A. Pirro, Electro Sistemas De Panama. S.A., Panama [M]
(Alt. to Jose R. Baz)

J. Michael Thompson, The Protection Engineering Group, PC, VA [SE]
(Alt. to John G. O'Neill)

Nonvoting

Antonio C. M. Braga, FM Global, CA [I]
Rep. TC on Hanging & Bracing of Water-Based Systems

Edward K. Budnick, Hughes Associates, Incorporated, MD [SE]
Rep. TC on Sprinkler System Discharge Criteria

Robert M. Gagnon, Gagnon Engineering, MD [SE]
Rep. TC on Foam-Water Sprinklers

William E. Koffel, Koffel Associates, Incorporated, MD [SE]
Rep. Safety to Life Correlating Committee

Kenneth W. Linder, GE Insurance Solutions, CT [I]
Rep. TC on Sprinkler System Installation Criateria

Daniel Madrzykowski, U.S. National Institute of Standards & Technology, MD [RT]
Rep. TC on Residential Sprinkler Systems

J. William Sheppard, General Motors Corporation, MI [U]
Rep. TC on Private Water Supply Piping Systems

John J. Walsh, UA Joint Apprenticeship Committee, MD [SE]
(Member Emeritus)

Christian Dubay, NFPA Staff Liaison

This list represents the membership at the time the Committee was balloted on the final text
of this edition. Since that time, changes in the membership may have occurred. A key to
classifications is found at the back of the document.

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

Committee Scope: This Committee shall have overall responsibility for documents that
pertain to the criteria for the design and installation of automatic, open, and foam-water
sprinkler systems including the character and adequacy of water supplies and the selection of
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sprinklers, piping, valves, and all materials and accessories. This Committee does not cover
the installation of tanks and towers, or the installation, maintenance, and use of central
station, proprietary, auxiliary, and local signaling systems for watchmen, fire alarm, and
supervisory service, or the design of fire department hose connections.

Technical Committee on Hanging and Bracing of Water-Based Fire Protection
Systems

Antonio C. M. Braga, Chair
FM Global, CA [I]

Christian Dubay, Nonvoting Secretary
National Fire Protection Association, MA

James B. Biggins, Marsh Risk Consulting, IL [I]

Richard W. Bonds, Ductile Iron Pipe Research Association, AL [M]
Samuel S. Dannaway, S. S. Dannaway Associates, Incorporated, HI [SE]
Daniel C. Duggan, Fire Sprinkler Design, MO [M]

Thomas J. Forsythe, Hughes Associates, Incorporated, CA [SE]

John D. Gillengerten, State of California, CA [E]
Rep. Building Seismic Safety Council/Code Resource Support Committee

Luke Hilton, Liberty Mutual Property, NC [I]
Rep. Property Casualty Insurers Association of America

Terry Holst, Tyco/Grinnell Fire Protection Systems Co., CA [M]
Rep. National Fire Sprinkler Association

Tina Marie King, GE Insurance Solutions, CA [I]

Kraig Kirschner, AFCON, CA [M]

Alan R. Laguna, Merit Sprinkler Company, Incorporated, LA [IM]
George E. Laverick, Underwriters Laboratories Incorporated, IL [RT]
Philip D. LeGrone, Risk Management Solutions, Incorporated, TN [SE]
Norman J. MacDonald, III, FlexHead Industries, Incorporated, MA [M]

Wayne M. Martin, Wayne Martin & Associates Incorporated. (WMA), CA [SE]
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J. Scott Mitchell, American Fire Sprinkler Association, TX [M]
Donald C. Moeller, The RJA Group, Incorporated, CA [SE]
David S. Mowrer, HSB Professional Loss Control, TN [I]

Randy R. Nelson, PE, VFS Fire & Security Services, CA [IM]
Rep. American Fire Sprinkler Association

Janak B. Patel, Bechtel Savannah River Company, GA [U]

Michael A. Rothmier, UA Joint Apprenticeship Committee, CO [L]
Rep. United Association of Journeymen & Apprentices of the Plumbing & Pipe Fitting
Industry of the US & Canada

James Tauby, Mason Industries, Incorporated, NY [M]

Jack W. Thacker, Allan Automatic Sprinkler Corp. of So. California, CA [IM]
Rep. National Fire Sprinkler Association

Victoria B. Valentine, National Fire Sprinkler Association, NY [M]

Alternates

Charles Bamford, Bamford Incorporated, WA [IM]
(Alt. to Randy R. Nelson, PE)

Sheldon Dacus, Security Fire Protection Company, TN [M]
(Alt. to Victoria B. Valentine)

Christopher 1. Deneff, FM Global, RI [I]
(Alt. to Antonio C. M. Braga)

Todd A. Dillon, GE Insurance Solutions, OH [I]
(Alt. to Tina Marie King)

Russell G. Hoeltzel, Marsh Risk Consulting, CA [I]
(Alt. to James B. Biggins)

Michael J. Madden, Hughes Associates, Incorporated, CA [SE]
(Alt. to Thomas J. Forsythe)

Tracy Madjerich, ERICO, Incorporated, OH [M]
(Alt. to J. Scott Mitchell)

Emil W. Misichko, Underwriters Laboratories Incorporated, IL [RT]
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(Alt. to George E. Laverick)

Eric Packard, Local 669 JATC Education Fund, MD [L]
(Alt. to Michael A. Rothmier)

Glenn E. Thompson, Liberty Mutual Property, CA [I]
(Alt. to Luke Hilton)

Allyn J. Vaughn, The RJA Group, Incorporated, NV [SE]
(Alt. to Donald C. Moeller)

George Von Gnatensky, Tolco, CA [M]
(Alt. to Terry Holst)

Ronald N. Webb, S.A. Comunale Company, Incorporated, OH [IM]
(Alt. to Jack W. Thacker)

Christian Dubay, NFPA Staff Liaison

This list represents the membership at the time the Committee was balloted on the final text
of this edition. Since that time, changes in the membership may have occurred. A key to
classifications is found at the back of the document .

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

Committee Scope: This Committee shall have the primary responsibility for those portions
of NFPA 13 that pertain to the criteria for the use and installation of components and devices
used for the support of water-based fire protection system piping including protection against
seismic events.

Technical Committee on Private Water Supply Piping Systems

J. William Sheppard, Chair
General Motors Corporation, MI [U]
Rep. NFPA Industrial Fire Protection Section

James B. Biggins, Marsh Risk Consulting, IL [I]
Richard W. Bonds, Ductile Iron Pipe Research Association, AL [M]

Phillip A. Brown, American Fire Sprinkler Association, Incorporated, TX [IM]
Rep. American Fire Sprinkler Association

Richard R. Brown, Brown Sprinkler Corporation, KY [IM]
Rep. National Fire Sprinkler Association

Stephen A. Clark, Jr., Allianz Risk Consultants, GA [I]
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Brandon W. Frakes, GE Insurance Solutions, NC [I]
Robert M. Gagnon, Gagnon Engineering, MD [SE]

Luke Hilton, Liberty Mutual Property, NC [I]
Rep. Property Casualty Insurers Association of America

Gerald Kelliher, Westinghouse Savannah River Co., SC [U]

Kevin J. Kelly, National Fire Sprinkler Association, NY [M]

Marshall A. Klein, Marshall A. Klein & Associates, Incorporated, MD [SE]
Alan R. Laguna, Merit Sprinkler Company, Incorporated, LA [IM]

John Lake, Marion County Fire Rescue, FL [E]

George E. Laverick, Underwriters Laboratories Incorporated, IL [RT]
James M. Maddry, James M. Maddry, P.E., GA [SE]

Kevin D. Maughan, Tyco Fire & Building Products, RI [M]

David S. Mowrer, HSB Professional Loss Control, TN [I]

Robert A. Panero, Pacific Gas and Electric Company, CA [U]
Rep. Edison Electric Institute

Darrin A. Parsons, Road Sprinkler Fitters Local Union 669, MD [L]
Rep. United Association of Journeymen & Apprentices of the Plumbing & Pipe Fitting
Industry of the US & Canada

Sam (Sat) Salwan, Environmental Systems Design, Incorporated, IL [SE]

James R. Schifiliti, Fire Safety Consultants, Incorporated, IL [IM]
Rep. Illinois Fire Prevention Association

James W. Simms, The RJA Group, Incorporated, CA [SE]

Alternates

Mark A. Bowman, GE Insurance Solutions, OH [I]
(Alt. to Brandon W. Frakes)

James K. Clancy, The RJA Group, Incorporated, CA [SE]
(Alt. to James W. Simms)
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David M. Hammerman, Marshall A. Klein and Associates, Incorporated, MD [SE]
(Alt. to Marshall A. Klein)

Charles F. Hill, Ryan Fire Protection, Incorporated, IN [M]
(Alt. to Kevin J. Kelly)

Peter T. Schwab, Wayne Automatic Fire Sprinklers, Incorporated, FL [IM]
(Alt. to Richard R. Brown)

Blake M. Shugarman, Underwriters Laboratories Incorporated, IL [RT]
(Alt. to George E. Laverick)

Lawrence Thibodeau, Hampshire Fire Protection Company Incorporated, NH [IM]
(Alt. to Phillip A. Brown)

Christian Dubay, NFPA Staff Liaison

This list represents the membership at the time the Committee was balloted on the final text
of this edition. Since that time, changes in the membership may have occurred. A key to
classifications is found at the back of the document .

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

Committee Scope: This Committee shall have the primary responsibility for documents on
private piping systems supplying water for fire protection and for hydrants, hose houses, and
valves. The Committee is also responsible for documents on fire flow testing and marking of
hydrants.

Technical Committee on Residential Sprinkler Systems

Daniel Madrzykowski, Chair
U.S. National Institute of Standards & Technology, MD [RT]

Christian Dubay, Nonvoting Secretary
National Fire Protection Association, MA

George W. Baker, Mashpee Fire & Rescue Department, MA [E]
Rep. International Association of Fire Chiefs

Kerry M. Bell, Underwriters Laboratories Incorporated, IL [RT]
Fred Benn, Advanced Automatic Sprinkler, Incorporated, CA [IM]
Jonathan C. Bittenbender, REHAU Incorporated, VA [M]

Frederick C. Bradley, FCB Engineering, GA [SE]
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Lawrence Brown, National Association of Home Builders, DC [U]
Phillip A. Brown, American Fire Sprinkler Association, Incorporated, TX [IM]
Edward K. Budnick, Hughes Associates, Incorporated, MD [SE]

Thomas G. Deegan, The Viking Group, Incorporated, MI [M]
Rep. National Fire Sprinkler Association

Kenneth E. Isman, National Fire Sprinkler Association, NY [M]

Gary L. Johnson, Noveon, Incorporated, VA [M]
Rep. Committee for Firesafe Dwellings

David Killey, Fire Busters Incorporated, Canada [IM]
Rep. Canadian Automatic Sprinkler Association

Alan G. Larson, Uponor Wirsbo Company Incorporated, MN [M]

M. L. “Larry” Maruskin, U.S. Department of Homeland Security, MD [C]

Ronald G. Nickson, National Multi Housing Council, DC [U]

Eric Packard, Local 669 JATC Education Fund, MD [L]

Rep. United Association of Journeymen & Apprentices of the Plumbing & Pipe Fitting
Industry of the US & Canada

Maurice M. Pilette, Mechanical Designs Limited., MA [SE]

Chester W. Schirmer, Schirmer Engineering Corporation, NC [I]

Harry Shaw, Fail Safe Safety Systems Incorporated, MD [M]

George W. Stanley, Wiginton Fire Systems, FL [IM]
Rep. National Fire Sprinkler Association

Randolph W. Tucker, The RJA Group, Incorporated, TX [SE]
Ed Van Walraven, Aspen Fire Protection District, CO [E]
Terry L. Victor, Tyco/SimplexGrinnell, MD [M]

Hong-Zeng (Bert) Yu, FM Global, MA [I]

Alternates
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David W. Ash, Noveon, Inc., OH [M]
(Alt. to Gary L. Johnson)

James K. Clancy, The RJA Group, Incorporated, CA [SE]
(Alt. to Randolph W. Tucker)

Mark E. Fessenden, Tyco Fire & Building Products, RI [M]
(Alt. to Terry L. Victor)

David B. Fuller, FM Global, MA [I]
(Alt. to Hong-Zeng (Bert) Yu)

Franz P. Haase, Uponor Wirsbo Company Inc., NH [M]
(Alt. to Alan G. Larson)

George E. Laverick, Underwriters Laboratories Inc., IL [RT]
(Alt. to Kerry M. Bell)

Thomas L. Multer, Reliable Automatic Sprinkler Company, SC [M]
(Alt. to Thomas G. Deegan)

Ron Murray, Plumbers and Steamfitters Local 290 (UA), OR [L]
(Alt. to Eric Packard)

Steven R. Rians, Standard Automatic Fire Enterprises, Incorporated, TX [IM]
(Voting Alt. to AFSA (IM) Rep.)

Peter T. Schwab, Wayne Automatic Fire Sprinklers, Incorporated, FL [IM]
(Alt. to George W. Stanley)

David W. Stroup, U.S. National Institute of Standards & Technology, MD [RT]
(Alt. to Daniel Madrzykowski)

Ronald N. Webb, S.A. Comunale Company, Incorporated, OH [M]
(Alt. to Kenneth E. Isman)

Joseph E. Wiehagen, National Association of Home Builders, MD [U]
(Alt. to Lawrence Brown)

James V. C. Yates, West Windsor Emergency Services, NJ [E]
(Alt. to George W. Baker)

Nonvoting

Rohit Khanna, U.S. Consumer Product Safety Commission, MD [C]
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Christian Dubay, NFPA Staff Liaison

This list represents the membership at the time the Committee was balloted on the final text
of this edition. Since that time, changes in the membership may have occurred. A key to
classifications is found at the back of the document .

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

Committee Scope: This Committee shall have primary responsibility for documents on the
design and installation of automatic sprinkler systems in dwellings and residential
occupancies up to and including four stories in height, including the character and adequacy
of water supplies, and the selection of sprinklers, piping, valves, and all materials and
accessories.

Technical Committee on Sprinkler System Discharge Criteria

Edward K. Budnick, Chair
Hughes Associates, Incorporated, MD [SE]

Christian Dubay, Nonvoting Secretary
National Fire Protection Association, MA

Charles O. Bauroth, Liberty Mutual Property, MA [I]
Rep. Property Casualty Insurers Association of America

Kerry M. Bell, Underwriters Laboratories Incorporated, IL [RT]
Michael H. Blumenthal, Rubber Manufacturers Association, DC [M]

James C. Bollier, Sprinkler Fitters UA Local 483, CA [L]
Rep. United Association of Journeymen & Apprentices of the Plumbing & Pipe Fitting
Industry of the US & Canada

Thomas G. Deegan, The Viking Group, Incorporated, MI [M]
Russell P. Fleming, National Fire Sprinkler Association, NY [M]
James G. Gallup, The RJA Group, Incorporated, AZ [SE]
James E. Golinveaux, Tyco Fire & Building Products, RI [M]

Alfred J. Hogan, Reedy Creek Improvement District, FL [E]
Rep. New England Association of Fire Marshals

Roland J. Huggins, American Fire Sprinkler Association, Incorporated, TX [IM]
Rep. American Fire Sprinkler Association

Sultan M. Javeri, SC Engineering, France [IM]
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Larry Keeping, Vipond Fire Protection, Canada [IM]
Rep. Canadian Automatic Sprinkler Association

Andrew Kim, National Research Council of Canada, Canada [RT]
William E. Koffel, Koffel Associates, Incorporated, MD [SE]
Chris LaFleur, General Motors Corporation, MI [U]

Azarang (Ozzie) Mirkhah, Las Vegas Fire and Rescue, NV [E]

Thomas L. Multer, Reliable Automatic Sprinkler Company, SC [M]
Rep. National Fire Sprinkler Association

Richard Pehrson, Futrell Fire Consult and Design, Incorporated, MN [E]
Rep. International Fire Marshals Association

Chester W. Schirmer, Schirmer Engineering Corporation, NC [I]

Michael D. Sides, GE Insurance Solutions, FL [I]

Peter A. Smith, International Paper Company, TN [U]

David W. Stroup, U.S. National Institute of Standards & Technology, MD [RT]

Willie R. Templin, American Automatic Sprinkler, Incorporated, TX [IM]
Rep. American Fire Sprinkler Association

Jack W. Thacker, Allan Automatic Sprinkler Corp. of Southern California, CA [IM]
Rep. National Fire Sprinkler Association

William J. Tomes, TVA Fire and Life Safety, Incorporated, GA [U]
Rep. The Home Depot

Alternates

Carl P. Anderson, Tacoma Fire Department, WA [E]
(Alt. to Azarang (Ozzie) Mirkhah)

Weston C. Baker, Jr., FM Global, MA [I]
(Voting Alt. to FM Rep.)

Gordon Bates, Minneapolis Fire Department, MN [E]
(Alt. to Richard Pehrson)

Richard Battista, Fire Protection Industries, Inc., NJ [M]
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(Alt. to Russell P. Fleming)

Mark A. Bowman, GE Insurance Solutions, OH [I]
(Alt. to Michael D. Sides)

Thomas C. Brown, The RJA Group, Incorporated, MD [SE]
(Alt. to James G. Gallup)

John August Denhardt, Strickland Fire Protection, Incorporated, MD [IM]
(Alt. to Willie R. Templin)

Pravinray D. Gandhi, Underwriters Laboratories Incorporated, IL [RT]
(Alt. to Kerry M. Bell)

Donald Hopkins, Jr., Hughes Associates, Incorporated, MD [SE]
(Alt. to Edward K. Budnick)

Stephen R. Ide, Victaulic Company of America, PA [M]
(Alt. to Thomas L. Multer)

Daniel Madrzykowski, U.S. National Institute of Standards & Technology, MD [RT]
(Alt. to David W. Stroup)

Jack A. Medovich, East Coast Fire Protection, Incorporated, MD [IM]
(Alt. to Roland J. Huggins)

Matthew Osburn, Canadian Automatic Sprinkler Association, Canada [IM]
(Alt. to Larry Keeping)

Garner A. Palenske, Schirmer Engineering Corporation, CA [I]
(Alt. to Chester W. Schirmer)

Raymond P. Schmid, Koffel Associates, Incorporated, MD [SE]
(Alt. to William E. Koftel)

George W. Stanley, Wiginton Fire Systems, FL [IM]
(Alt. to Jack W. Thacker)

Peter W. Thomas, Tyco Fire & Building Products, RI [M]
(Alt. to James E. Golinveaux)

William P. Thomas, Jr., TVA Fire and Life Safety, Incorporated, IL [U]
(Alt. to William J. Tomes)

Martin H. Workman, The Viking Corporation, MI [M]
(Alt. to Thomas G. Deegan)
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Nonvoting
Barry M. Lee, Tyco International, Australia [M]
Christian Dubay, NFPA Staff Liaison
This list represents the membership at the time the Committee was balloted on the final text

of this edition. Since that time, changes in the membership may have occurred. A key to
classifications is found at the back of the document .

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

Committee Scope: This Committee shall have primary responsibility for those portions of
NFPA 13 that pertain to the classification of various fire hazards and the determination of
associated discharge criteria for sprinkler systems employing automatic and open sprinklers.

Technical Committee on Sprinkler System Installation Criteria

Kenneth W. Linder, Chair
GE Insurance Solutions, CT [I]

Christian Dubay, Nonvoting Secretary
National Fire Protection Association, MA

Michael A. Amar, Gage-Babcock & Associates, Incorporated, CA [SE]
Weston C. Baker, Jr., FM Global, MA [I]
Edward K. Budnick, Hughes Associates, Incorporated, MD [SE]

Robert G. Caputo, Consolidated Fireprotection, Incorporated, CA [IM]
Rep. American Fire Sprinkler Association

Jean C. Carter, Jr., Louisiana Office of State Fire Marshal, LA [E]

Del Dornbos, The Viking Corporation, MI [M]
Rep. National Fire Sprinkler Association

Robert E. Duke, Fire Control Incorporated, IL [IM]
Randall Eberly, U.S. Coast Guard, DC [E]
David L. Foster, Insurance Services Office, Incorporated, NJ [I]

Ralph Gerdes, Ralph Gerdes Consultants, LLC, IN [SE]
Rep. American Institute of Architects
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Luke Hilton, Liberty Mutual Property, NC [I]
Kenneth E. Isman, National Fire Sprinkler Association, NY [M]

Larry Keeping, Vipond Fire Protection, Canada [IM]
Rep. Canadian Automatic Sprinkler Association

Michael D. Kirn, Code Consultants, Incorporated, MO [SE]
George E. Laverick, Underwriters Laboratories Incorporated., IL [RT]

Ausmus S. Marburger, Fire Protection Industries, Incorporated, PA [IM]
Rep. National Fire Sprinkler Association

Rodney A. McPhee, Canadian Wood Council, Canada [U]
Peter J. McWilliams, Eastman Kodak Company, NY [U]

Michael F. Meehan, Virginia Sprinkler Company, Incorporated, VA [IM]
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Chapter 1 Administration

1.1* Scope.

This standard shall provide the minimum requirements for the design and installation of
automatic fire sprinkler systems and exposure protection sprinkler systems covered within
this standard.

1.2* Purpose.

1.2.1 The purpose of this standard shall be to provide a reasonable degree of protection for
life and property from fire through standardization of design, installation, and testing
requirements for sprinkler systems, including private fire service mains, based on sound
engineering principles, test data, and field experience.

1.2.2 Sprinkler systems and private fire service mains are specialized fire protection systems
and shall require knowledgeable and experienced design and installation.

1.3 Application.

1.3.1 This standard shall apply to the following:

(1) Character and adequacy of water supplies

(2) Selection of sprinklers

3) Fittings

(4)  Piping

(5)  Valves

(6) All materials and accessories, including the installation of private fire service mains
1.3.2 This standard shall also apply to “combined service mains” used to carry water for
both fire service and other uses as well as to mains for fire service use only.

1.4 Retroactivity Clause.

The provisions of this standard reflect a consensus of what is necessary to provide an
acceptable degree of protection from the hazards addressed in this standard at the time the
standard was issued. Unless otherwise specified, the provisions of this standard shall not
apply to facilities, equipment, structures, or installations that existed or were approved for
construction or installation prior to the effective date of this standard. Where specified, the
provisions of this standard shall be retroactive. In those cases where the authority having
jurisdiction determines that the existing situation presents an unacceptable degree of risk, the
authority having jurisdiction shall be permitted to apply retroactively any portions of this
standard deemed appropriate.

1.5 Equivalency.
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Nothing in this standard is intended to prevent the use of systems, methods, or devices of
equivalent or superior quality, strength, fire resistance, effectiveness, durability, and safety
over those prescribed by this standard. Technical documentation shall be submitted to the
authority having jurisdiction to demonstrate equivalency. The system, method, or device
shall be approved for the intended purpose by the authority having jurisdiction.

1.6 New Technology.

1.6.1 Nothing in this standard shall be intended to restrict new technologies or alternate
arrangements, provided the level of safety prescribed by this standard is not lowered.

1.6.2 Materials or devices not specifically designated by this standard shall be utilized in
complete accord with all conditions, requirements, and limitations of their listings.

1.7 Units and Symbols.
1.7.1 Units.

1.7.1.1 Metric units of measurement in this standard are in accordance with the modernized
metric system known as the International System of Units (SI).

1.7.1.2 Two units (liter and bar), outside of but recognized by SI, are commonly used in
international fire protection.

1.7.1.3 These units are listed in Table 1.7.1.3 with conversion factors.

Table 1.7.1.3 SI Units and Conversion Factors

Name of Unit Unit Symbol Conversion Factor
liter L 1 gal=3.785 L
millimeter per minute mm/min 1 gpm/fi2 = 40.746

mm/min =

40.746 (L/min)/m?2
cubic decimeter dm3 1 gal =3.785 dm3
pascal Pa 1 psi = 6894.757 Pa
bar bar 1 psi = 0.0689 bar
bar bar 1 bar = 105 Pa

Note: For additional conversions and information, see ASTM
SI 10, Standard for Use of the International System of Units
(SI): The Modern Metric System.

1.7.1.4 If a value for measurement as given in this standard is followed by an equivalent
value in other units, the first stated is to be regarded as the requirement.

1.7.2 Symbols. The standard abbreviations in Table 1.7.2 shall be used on the hydraulic
calculation form discussed in Chapter 22.

Table 1.7.2 Hydraulic Symbols
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1.7.2 Symbols. The standard abbreviations in Table 1.7.2 shall be used on the hydraulic
calculation form discussed in Chapter 22.

Table 1.7.2 Hydraulic Symbols

Symbol or
Abbreviatio
n Item

P Pressure in psi

gpm U.S. gallons per minute

q Flow increment in gpm to be added at a specific location

0] Summation of flow in gpm at a specific location

Py Total pressure in psi at a point in a pipe

P f Pressure loss due to friction between points indicated in
location column

P, Pressure due to elevation difference between indicated
points. This can be a plus value or a minus value. If
minus, the (-) shall be used; if plus, no sign need be
indicated.

P, Velocity pressure in psi at a point in a pipe

P, Normal pressure in psi at a point in a pipe

E 90-degree ell

EE 45-degree ell

Lt.E Long-turn elbow

Cr Cross

T Tee-flow turned 90 degrees

GV Gate valve

BV Butterfly (wafer) check valve

Del V Deluge valve

ALV Alarm valve

DPV Dry pipe valve

(Y% Swing check valve

WCV Butterfly (wafer) check valve

St Strainer

psi Pounds per square inch

v Velocity of water in pipe in feet per second

Chapter 2 Referenced Publications

2.1 General.

The documents or portions thereof listed in this chapter are referenced within this standard
and shall be considered part of the requirements of this document.

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

NFPA 11, Standard for Low-, Medium-, and High-Expansion Foam, 2005 edition. [Chapter
12] 12.11.1, [Chapter 18] 18.6.

NFPA 14, Standard for the Installation of Standpipe and Hose Systems, 2007 edition.
[Chapter 8] 8.17.5.1.2, [Chapter 11] 11.1.5.6(1), 11.1.5.6(2), 11.1.5.6(3), [Chapter 12]
12.8.5(1), 12.8.5(2), 12.8.5(3).

NFPA 15, Standard for Water Spray Fixed Systems for Fire Protection, 2007 edition.
[Chapter 21] 21.24.2.7, 21.33.1(2)(a).

NFPA 20, Standard for the Installation of Stationary Pumps for Fire Protection, 2007
edition. [Chapter 23] 23.2.2, [Chapter 25] 25.8.3.2.

NFPA 22, Standard for Water Tanks for Private Fire Protection, 2003 edition. [Chapter §]
8.16.1.4.2.6, [Chapter 23] 23.2.3.1.1, 23.2.4.

NFPA 25, Standard for the Inspection, Testing, and Maintenance of Water-Based Fire
Protection System, 2002 edition. [Chapter 24] 24.4(2), 24.6.1, [Chapter 25] 25.9.2, [Chapter
26] 26.1.

NFPA 30, Flammable and Combustible Liquids Code, 2003 edition. [Chapter 21] 21.2.1.

NFPA 30B, Code for the Manufacture and Storage of Aerosol Products, 2007 edition.
[Chapter 21] 21.3.1.

NFPA 33, Standard for Spray Application Using Flammable or Combustible Materials,
2007 Edition. [Chapter 21] 21.4.1.2.

NFPA 40, Standard for the Storage and Handling of Cellulose Nitrate Film, 2007 edition.
[Chapter 21] 21.7.2.2.2,21.7.2.4.1, 21.7.2.4.2.

NFPA 42, Code for the Storage of Pyroxylin Plastic, 2002 edition. [Chapter 21] 21.8.2.1.

NFPA 51, Standard for the Design and Installation of Oxygen—Fuel Gas Systems for
Welding, Cutting, and Allied Processes, 2002 edition. [Chapter 21] 21.10.1.1, 21.10.2.1.

NFPA 51A, Standard for Acetylene Cylinder Charging Plants, 2006 edition. [Chapter 21]
21.11.1.1.

NFPA 51B, Standard for Fire Prevention During Welding, Cutting, and Other Hot Work,
2003 edition. [Chapter 6] 6.5.2.2.2, 6.5.2.2.3.

NFPA 59, Utility LP-Gas Plant Code, 2004 edition. [Chapter 21] 21.13.1.1.

NFPA 59A, Standard for the Production, Storage, and Handling of Liquefied Natural Gas
(LNG), 2006 edition. [Chapter21] 21.14.1.

NFPA 70, National Electrical Code®, 2005 edition. [Chapter 6] 6.9.4.2.

NFPA 72, National Fire Alarm Code®, 2007 edition. [Chapter 6] 6.9.4.1, [Chapter 7]
7.9.2.8.1.2, [Chapter 21] 21.24.2.8.2, 21.24.2.8.2.1.

NFPA 86, Standard for Ovens and Furnaces, 2007 edition. [Chapter 21] 21.18.2.
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NFPA 99, Standard for Health Care Facilities, 2005 edition. [Chapter 21] 21.19.1.1.

NFPA 101®, Life Safety Code®, 2006 edition. [Chapter 8] 8.15.8.1.2, [Chapter 21]
21.20.2.1.1,21.20.17.2.1, 21.20.19.2.3, 21.20.20.2.2, 21.20.22.2.1, 21.20.23.2.1,
21.20.23.2.1(1), 21.20.23.2.1(3), 21.20.23.2.2(1), 21.20.23.2.2(2), 21.20.24.2.1,
21.20.24.2.1(1), 21.20.24.2.1(3), 21.20.24.2.2(1), 21.20.24.2.2(2), 21.20.27.1.1.

NFPA 170, Standard for Fire Safety and Emergency Symbols, 2006 edition. [Chapter 25]
25.2.7.5.

NFPA 214, Standard on Water-Cooling Towers, 2005 edition. [Chapter 21] 21.24.1.3.2,
21.24.1.4,21.24.1.7.4,21.24.2.8,21.24.2.8.1.

NFPA 251, Standard Methods of Tests of Fire Resistance of Building Construction and
Materials, 2006 edition. [Chapter 3] 3.3.18.

NFPA 255, Standard Method of Test of Surface Burning Characteristics of Building
Materials, 2006 edition. [Chapter 3] 3.3.11, [Chapter 8] 8.15.1.2.10.

NFPA 259, Standard Test Method for Potential Heat of Building Materials, 2003 edition.
[Chapter 3] 3.3.11.

NFPA 409, Standard on Aircraft Hangars, 2004 edition. [Chapter 21] 21.27.1, 21.27.2.

NFPA 432, Code for the Storage of Organic Peroxide Formulations, 2002 edition. [Chapter
21]21.31.1.1.

NFPA 703, Standard for Fire Retardant—Treated Wood and Fire-Retardant Coatings for
Building Materials, 2006 edition. [Chapter 8] 8.15.1.2.11, 8.15.7.2, 8.15.7.3, [Chapter 11]
11.2.3.1.4(4)(f), [Chapter 12] 12.9.2(6).

NFPA 780, Standard for the Installation of Lightning Protection Systems, 2004 edition.
[Chapter 10] 10.6.8.

NFPA 1963, Standard for Fire Hose Connections, 2003 edition. [Chapter 6] 6.8.1, 6.8.1.1.

NFPA 5000%, Building Construction and Safety Code®, 2006 edition. [Chapter 21]
21.30.2.1.2.

2.3 Other Publications.
2.3.1 ASCE Publications.
American Society of Civil Engineers, 1801 Alexander Bell Drive, Reston, VA 20191-4400.

ASCE 7-05, Minimum Design Loads for Buildings and Other Structures, 2005. [Chapter 3]
3.11.6.

2.3.2 ASME Publications.

American Society of Mechanical Engineers, Three Park Avenue, New York, NY
10016-5990.

ASME BPVC-IX, BPVC Section IX — Welding and Brazing Qualifications, 2004. [Chapter
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6] 6.5.2.5.2.
ASME A17.1, Safety Code for Elevators and Escalators, 2000. [Chapter 8] 8.15.5.5.
ASME B1.20.1, Pipe Threads, General Purpose (Inch), 2001. [Chapter 6] 6.5.1.1.

ASME BI16.1, Cast Iron Pipe Flanges and Flanged Fittings, Classes 25, 125, and 250,
1998. [Chapter 6] Table 6.4.1, [Chapter 10] Table 10.2.1(a).

ASME B16.3, Malleable Iron Threaded Fittings, Classes 150 and 300, 1998. [Chapter 6]
Table 6.4.1, [Chapter 10] Table 10.2.1(a).

ASME B16.4, Cast Iron Threaded Fittings, Classes 125 and 250, 1998. [Chapter 6] Table
6.4.1, [Chapter 10] Table 10.2.1(a).

ASME B16.5, Pipe Flanges and Flanged Fittings, 1996. [Chapter 6] Table 6.4.1, [Chapter
10] Table 10.2.1(a).

ASME B16.9, Factory-Made Wrought Steel Buttwelding Fittings, 2001. [Chapter 6] Table
6.4.1, [Chapter 10] Table 10.2.1(a).

ASME B16.11, Forged Steel Fittings, Socket-Welding and Threaded, 1996. [Chapter 6]
Table 6.4.1, [Chapter 10] Table 10.2.1(a).

ASME B16.18, Cast Copper Alloy Solder Joint Pressure Fittings, 1994. [Chapter 6] Table
6.4.1, [Chapter 10] Table 10.2.1(a).

ASME B16.22, Wrought Copper and Copper Alloy Solder Joint Pressure Fittings, 1995.
[Chapter 6] Table 6.4.1, [Chapter 10] Table 10.2.1(a).

ASME B16.25, Buttwelding Ends, 1997. [Chapter 6] Table 6.4.1, [Chapter 10] Table
10.2.1(a).

ANSI/ASME B31.1, Code for Power Piping, 2001. [Chapter 21] 21.32.2.1.3(1).

ANSI/ASME B36.10M, Welded and Seamless Wrought Steel Pipe, 2000. [Chapter 6] Table
6.3.1.1.

2.3.3 ASTM Publications.

American Society for Testing and Materials, 100 Barr Harbor Drive, P.O. Box C700, West
Conshohocken, PA 19428-2959.

ANSI/ASTM A 53, Standard Specification for Pipe, Steel, Black and Hot-Dipped,
Zinc-Coated, Welded and Seamless, 2001. [Chapter 6] Table 6.3.1.1.

ASTM A 135, Standard Specification for Electric-Resistance-Welded Steel Pipe, 2001.
[Chapter 6] Table 6.3.1.1.

ASTM A 153A/153M, Standard Specification for Zinc Coating (Hot Dip) on Iron and Steel
Hardware, 2004. [Chapter 21] 21.24.2.10.1.

ASTM A 234, Standard Specification for Piping Fittings of Wrought-Carbon Steel and
Alloy Steel for Moderate and High Temperature Service, 2001. [Chapter 6] Table 6.4.1,
[Chapter 10] Table 10.2.1(a).
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ASTM A 795, Standard Specification for Black and Hot-Dipped Zinc-Coated (Galvanized)
Welded and Seamless Steel Pipe for Fire Protection Use, 2000. [Chapter 6] Table 6.3.1.1.

ASTM B 32, Standard Specification for Solder Metal, 2000. [Chapter 6] Table 6.3.1.1.

ASTM B 75, Standard Specification for Seamless Copper Tube, 1999. [Chapter 6] Table
6.3.1.1, [Chapter 10] Table 10.1.1.
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ASTM B 446, Standard Specification for Nickel-Chromium-Molybdenum-Columbium Alloy
(UNSN 06625) and Nickel-Chromium-Molybdenum-Silicon Alloy (UNSN 06219) Rod and
Bar, 2000. [Chapter 6] Table 6.3.1.1.

ASTM B 813, Standard Specification for Liquid and Paste Fluxes for Soldering
Applications of Copper and Copper-Alloy Tube, 2000. [Chapter 6] Table 6.3.1.1.

ASTM B 828, Standard Practice for Making Capillary Joints by Soldering of Copper and
Copper Alloy Tube and Fittings, 2000. [Chapter 6] 6.5.4.1.

ASTM C 635, Standard Specification for the Manufacture, Performance, and Testing of
Metal Suspension Systems for Acoustical Tile and Lay-In Panel Ceilings, 2004. [Chapter 9]
9.2.1.3.3.2.

ASTM C 636, Standard Practice for Installation of Metal Ceiling Suspension Systems for
Acoustical Tile and Lay-In Panels, 2004. [Chapter 9] 9.2.1.3.3.2.

ASTM E 84, Standard Test Method for Surface Burning Characteristics of Building
Materials, 2004. [Chapter 3] 3.3.11.

ASTM E 119, Standard Test Methods for Fire Tests of Building Construction and
Materials, 2000. [Chapter 3] 3.10.1, 3.10.2, 3.10.9, [Chapter 25] 25.1.3(1), 25.1.3(2).

ASTM E 136, Standard Test Method for Behavior of Materials in a Vertical Tube Furnace
at 750°C, 1999. [Chapter 3] 3.3.12.

ASTM F 437, Standard Specification for Threaded Chlorinated Poly (Vinyl Chloride)
(CPVC) Plastic Pipe Fittings, Schedule 80, 1999. [Chapter 6] Table 6.4.3, [Chapter 10]
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ASTM F 438, Standard Specification for Socket-Type Chlorinated Poly (Vinyl Chloride)
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ASTM SI 10, Standard for Use of the International System of Units (SI): The Modern
Metric System, 1997. [Chapter 1] 1.7.1.3.
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Materials, [Chapter 25] 25.2.6.2, 25.4.11.2, and 58.01-40 Machinery, Angle of Inclination.
[Chapter 25] 25.6.4.

Title 46, CFR, Subchapter F, “Marine Engineering.” [Chapter 25] 25.7.2.1(6), 25.7.4.5.
Title 46, CFR, Subchapter J, “Electrical Engineering.” [Chapter 25] 25.4.12.7.

2.3.9 Other Publications.

Merriam-Webster’s Collegiate Dictionary, 11th edition, Merriam-Webster, Inc., Springfield,
MA, 2003. [Chapter 3] 3.1.

2.4 References for Extracts in Mandatory Sections.

NFPA 24, Standard for the Installation of Private Fire Service Mains and Their
Appurtenances, 2007 edition.

NFPA 33, Standard for Spray Application Using Flammable or Combustible Materials,
2007 edition.

NFPA 37, Standard for the Installation and Use of Stationary Combustion Engines and Gas
Turbines, 2006 edition.

NFPA 40, Standard for the Storage and Handling of Cellulose Nitrate Film, 2007 edition.
NFPA 42, Code for the Storage of Pyroxylin Plastic, 2002 edition.
NFPA 45, Standard on Fire Protection for Laboratories Using Chemicals, 2004 edition.

NFPA 51, Standard for the Design and Installation of Oxygen—Fuel Gas Systems for
Welding, Cutting, and Allied Processes, 2002 edition.

NFPA 51A, Standard for Acetylene Cylinder Charging Plants, 2006 edition.

NFPA 55, Standard for the Storage, Use, and Handling of Compressed Gases and
Cryogenic Fluids in Portable and Stationary Containers, Cylinders, and Tanks, 2005
edition.

NFPA 59, Utility LP-Gas Plant Code, 2004 edition.
NFPA 59A, Standard for the Production, Storage, and Handling of Liquefied Natural Gas
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(LNG), 2006 edition.
NFPA 75, Standard for the Protection of Information Technology Equipment, 2003 edition.

NFPA 82, Standard on Incinerators and Waste and Linen Handling Systems and
Equipment, 2004 edition.

NFPA 86, Standard for Ovens and Furnaces, 2007 edition.
NFPA 99, Standard for Health Care Facilities, 2005 edition.
NFPA 101®, Life Safety Code®, 2006 edition.

NFPA 130, Standard for Fixed Guideway Transit and Passenger Rail Systems, 2007
edition.

NFPA 140, Standard on Motion Picture and Television Production Studio Soundstages and
Approved Production Facilities, 2004 edition.

NFPA 150, Standard on Fire and Life Safety in Animal Housing Facilities, 2007 edition.
NFPA 214, Standard on Water-Cooling Towers, 2005 edition.
NFPA 220, Standard on Types of Building Construction, 2006 edition.

NFPA 307, Standard for the Construction and Fire Protection of Marine Terminals, Piers,
and Wharves, 2006 edition.

NFPA 318, Standard for the Protection of Semiconductor Fabrication Facilities, 2006
edition.

NFPA 415, Standard on Airport Terminal Buildings, Fueling Ramp Drainage, and Loading
Walkways, 2002 edition.

NFPA 423, Standard for Construction and Protection of Aircraft Engine Test Facilities,
2004 edition.

NFPA 430, Code for the Storage of Liquid and Solid Oxidizers, 2004 edition.
NFPA 432, Code for the Storage of Organic Peroxide Formulations, 2002 edition.

NFPA 804, Standard for Fire Protection for Advanced Light Water Reactor Electric
Generating Plants, 2006 edition.

NFPA 805, Performance-Based Standard for Fire Protection for Light Water Reactor
Electric Generating Plants, 2006 edition.

NFPA 850, Recommended Practice for Fire Protection for Electric Generating Plants and
High Voltage Direct Current Converter Stations, 2005 edition.

NFPA 851, Recommended Practice for Fire Protection for Hydroelectric Generating
Plants, 2005 edition.

NFPA 909, Code for the Protection of Cultural Resource Properties — Museums,
Libraries, and Places of Worship, 2005 edition.
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Chapter 3 Definitions

3.1 General.

The definitions contained in this chapter shall apply to the terms used in this standard. Where
terms are not defined in this chapter or within another chapter, they shall be defined using
their ordinarily accepted meanings within the context in which they are used.
Merriam-Webster’s Collegiate Dictionary, 11th edition, shall be the source for the ordinarily
accepted meaning.

3.2 NFPA Official Definitions.
3.2.1* Approved. Acceptable to the authority having jurisdiction.

3.2.2* Authority Having Jurisdiction (AHJ). An organization, office, or individual
responsible for enforcing the requirements of a code or standard, or for approving
equipment, materials, an installation, or a procedure.

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

3.2.4 Shall. Indicates a mandatory requirement.
3.2.5 Should. Indicates a recommendation or that which is advised but not required.

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

3.3 General Definitions.

3.3.1 Automatic Sprinkler. A fire suppression or control device that operates automatically
when its heat-activated element is heated to its thermal rating or above, allowing water to
discharge over a specified area.

3.3.2* Bathroom. Within a dwelling unit, any room or compartment containing a lavatory
dedicated to personal hygiene, or a water closet, or bathing capability such as a shower or
tub, or any combination of facilities thereof.

3.3.3 Ceiling Height. The distance between the floor and the underside of the ceiling above
(or roof deck) within the area.

3.3.4 Ceiling Types.
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3.3.4.1 Flat Ceiling. A continuous ceiling in a single plane.
3.3.4.2 Horizontal Ceiling. A ceiling with a slope not exceeding 2 in 12.
3.3.4.3 Sloped Ceiling. A ceiling with a slope exceeding 2 in 12.

3.3.4.4 Smooth Ceiling. A continuous ceiling free from significant irregularities, lumps, or
indentations.

3.3.5 Compartment. A space completely enclosed by walls and a ceiling. The compartment
enclosure is permitted to have openings in walls to an adjoining space if the openings have a
minimum lintel depth of 8 in. (203 mm) from the ceiling and the openings do not exceed 8 ft
(2.44 m) in width. A single opening of 36 in. (914 mm) or less in width without a lintel is
permitted when there are no other openings to adjoining spaces.

3.3.6 Drop-Out Ceiling. A suspended ceiling system, which is installed below the sprinklers,
with listed translucent or opaque panels that are heat sensitive and fall from their setting
when exposed to heat.

3.3.7 Dwelling Unit. One or more rooms arranged for the use of one or more individuals
living together, as in a single housekeeping unit normally having cooking, living, sanitary,
and sleeping facilities. For purposes of this standard, dwelling unit includes hotel rooms,
dormitory rooms, apartments, condominiums, sleeping rooms in nursing homes, and similar
living units.

3.3.8 Fire Control. Limiting the size of a fire by distribution of water so as to decrease the
heat release rate and pre-wet adjacent combustibles, while controlling ceiling gas
temperatures to avoid structural damage.

3.3.9 Fire Suppression. Sharply reducing the heat release rate of a fire and preventing its
regrowth by means of direct and sufficient application of water through the fire plume to the
burning fuel surface.

3.3.10 Hydraulically Designed System. A calculated sprinkler system in which pipe sizes
are selected on a pressure loss basis to provide a prescribed water density, in gallons per
minute per square foot (mm/min), or a prescribed minimum discharge pressure or flow per
sprinkler, distributed with a reasonable degree of uniformity over a specified area.

3.3.11 Limited-Combustible Material. Refers to a building construction material not
complying with the definition of noncombustible material that, in the form in which it is used,
has a potential heat value not exceeding 3500 Btu/Ib (8141 kJ/kg), where tested in
accordance with NFPA 259, Standard Test Method for Potential Heat of Building
Materials, and includes either (1) materials having a structural base of noncombustible
material, with a surfacing not exceeding a thickness of ¥ in. (3.2 mm) that has a flame
spread index not greater than 50 or (2) materials, in the form and thickness used having
neither a flame spread index greater than 25 nor evidence of continued progressive
combustion, and of such composition that surfaces that would be exposed by cutting through
the material on any plane would have neither a flame spread index greater than 25 nor
evidence of continued progressive combustion when tested in accordance with NFPA 255 or
ASTM E 84. [220, 2006]
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3.3.12 Noncombustible Material. A substance that will not ignite and burn when subjected
to a fire. Materials that are reported as passing ASTM E 136, Standard Test Method for
Behavior of Materials in a Vertical Tube Furnace at 750°C, shall be considered
noncombustible materials.

3.3.13 Pipe Schedule System. A sprinkler system in which the pipe sizing is selected from a
schedule that is determined by the occupancy classification and in which a given number of
sprinklers are allowed to be supplied from specific sizes of pipe.

3.3.14 Shop-Welded. As used in this standard, shop in the term shop-welded means either
(1) a sprinkler contractor's or fabricator's premise or (2) an area specifically designed or
authorized for welding, such as a detached outside location, maintenance shop, or other area
(either temporary or permanent) of noncombustible or fire-resistive construction free of
combustible and flammable contents and suitably segregated from adjacent areas.

3.3.15 Small Room. A room of light hazard occupancy classification having unobstructed
construction and floor areas not exceeding 800 ft2 (74.3 m?) that are enclosed by walls and a
ceiling. Openings in walls not exceeding 8 ft (2.44 m) in width to adjoining spaces are
permitted if the minimum lintel depth is 8 in. (203 mm) from the ceiling. A single opening of
36 in. (914 mm) or less in width without a lintel is permitted when there are no other
openings to adjoining spaces.

3.3.16* Sprinkler System. For fire protection purposes, an integrated system of
underground and overhead piping designed in accordance with fire protection engineering
standards. The installation includes at least one automatic water supply which supplies one
or more systems. The portion of the sprinkler system above ground is a network of specially
sized or hydraulically designed piping installed in a building, structure, or area, generally
overhead, and to which sprinklers are attached in a systematic pattern. Each system has a
control valve located in the system riser or its supply piping. Each sprinkler system includes a
device for actuating an alarm when the system is in operation. The system is usually activated
by heat from a fire and discharges water over the fire area.

3.3.17 System Working Pressure. The maximum anticipated static (nonflowing) or flowing
pressure applied to sprinkler system components exclusive of surge pressures and exclusive
of pressure from the fire department connection.

3.3.18 Thermal Barrier. A material that will limit the average temperature rise of the
unexposed surface to not more than 250°F (121°C) after 15 minutes of fire exposure, which
complies with the standard time-temperature curve of NFPA 251, Standard Methods of
Tests of Fire Resistance of Building Construction and Materials.

3.4 Sprinkler System Type Definitions.

3.4.1 Antifreeze Sprinkler System. A wet pipe sprinkler system employing automatic
sprinklers that are attached to a piping system that contains an antifreeze solution and that
are connected to a water supply. The antifreeze solution is discharged, followed by water,
immediately upon operation of sprinklers opened by heat from a fire.

3.4.2 Circulating Closed-Loop Sprinkler System. A wet pipe sprinkler system having
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non—fire protection connections to automatic sprinkler systems in a closed-loop piping
arrangement for the purpose of utilizing sprinkler piping to conduct water for heating or
cooling, where water is not removed or used from the system but only circulated through the
piping system.

3.4.3 Combined Dry Pipe-Preaction Sprinkler System. A sprinkler system employing
automatic sprinklers attached to a piping system containing air under pressure with a
supplemental detection system installed in the same areas as the sprinklers. Operation of the
detection system actuates tripping devices that open dry pipe valves simultaneously and
without loss of air pressure in the system. Operation of the detection system also opens listed
air exhaust valves at the end of the feed main, which usually precedes the opening of
sprinklers. The detection system also serves as an automatic fire alarm system.

3.4.4 Deluge Sprinkler System. A sprinkler system employing open sprinklers that are
attached to a piping system that is connected to a water supply through a valve that is
opened by the operation of a detection system installed in the same areas as the sprinklers.
When this valve opens, water flows into the piping system and discharges from all sprinklers
attached thereto.

3.4.5 Dry Pipe Sprinkler System. A sprinkler system employing automatic sprinklers that
are attached to a piping system containing air or nitrogen under pressure, the release of
which (as from the opening of a sprinkler) permits the water pressure to open a valve known
as a dry pipe valve, and the water then flows into the piping system and out the opened
sprinklers.

3.4.6* Gridded Sprinkler System. A sprinkler system in which parallel cross mains are
connected by multiple branch lines. An operating sprinkler will receive water from both ends
of'its branch line while other branch lines help transfer water between cross mains.

3.4.7* Looped Sprinkler System. A sprinkler system in which multiple cross mains are tied
together so as to provide more than one path for water to flow to an operating sprinkler and
branch lines are not tied together.

3.4.8 Multi-Cycle System. A type of sprinkler system capable of repeated on—oft flow
cycles in response to heat.

3.4.9% Preaction Sprinkler System. A sprinkler system employing automatic sprinklers that
are attached to a piping system that contains air that might or might not be under pressure,
with a supplemental detection system installed in the same areas as the sprinklers.

3.4.10 Wet Pipe Sprinkler System. A sprinkler system employing automatic sprinklers
attached to a piping system containing water and connected to a water supply so that water
discharges immediately from sprinklers opened by heat from a fire.

3.5*% System Component Definitions.

3.5.1 Branch Lines. The pipes supplying sprinklers, either directly or through sprigs, drops,
return bends, or arm-overs.

3.5.2 Cross Mains. The pipes supplying the branch lines, either directly or through risers.
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3.5.3 Feed Mains. The pipes supplying cross mains, either directly or through risers.

3.5.4 Flexible Listed Pipe Coupling. A listed coupling or fitting that allows axial
displacement, rotation, and at least 1 degree of angular movement of the pipe without
inducing harm on the pipe. For pipe diameters of 8 in. (203.2 mm) and larger, the angular
movement shall be permitted to be less than 1 degree but not less than 0.5 degree.

3.5.5 Risers. The vertical supply pipes in a sprinkler system.
3.5.6 Sprig. A pipe that rises vertically and supplies a single sprinkler.

3.5.7 Supervisory Device. A device arranged to supervise the operative condition of
automatic sprinkler systems.

3.5.8 System Riser. The aboveground horizontal or vertical pipe between the water supply
and the mains (cross or feed) that contains a control valve (either directly or within its supply
pipe) and a waterflow alarm device.

3.5.9 Arm-over. A horizontal pipe that extends from the branch line to a single sprinkler or a
sprinkler above and below a ceiling.

3.5.10 Waterflow Alarm Device. An attachment to the sprinkler system that detects a
predetermined water flow and is connected to a fire alarm system to initiate an alarm
condition or is used to mechanically or electrically initiate a fire pump or local audible or
visual alarm.

3.6 Sprinkler Definitions.

3.6.1* Sprinkler Characteristics, General. The following are characteristics of a sprinkler
that define its ability to control or extinguish a fire. (a) Thermal sensitivity. A measure of the
rapidity with which the thermal element operates as installed in a specific sprinkler or
sprinkler assembly. One measure of thermal sensitivity is the response time index (RTI) as
measured under standardized test conditions. (1) Sprinklers defined as fast response have a
thermal element with an RTI of 50 (meters-seconds)!’2 or less. (2) Sprinklers defined as
standard response have a thermal element with an RTI of 80 (meters-seconds)!’? or more. (b)
Temperature rating. (c) Orifice size (see Chapter 6¢). (d) Installation orientation (see 3.6.3).
(e) Water distribution characteristics (i.e., application rate, wall wetting). (f) Special service
conditions (see 3.6.4).

3.6.2 Sprinkler Types. The following sprinklers are defined according to design and
performance characteristics.

3.6.2.1* Early Suppression Fast-Response (ESFR) Sprinkler. A type of fast-response
sprinkler that meets the criteria of 3.6.1(a)(1) and is listed for its capability to provide fire
suppression of specific high-challenge fire hazards.

3.6.2.2 Extended Coverage Sprinkler. A type of spray sprinkler with maximum coverage
areas as specified in Sections 8.8 and 8.9 of this standard.

3.6.2.3 Large Drop Sprinkler. A type of specific application control mode sprinkler that is
capable of producing characteristic large water droplets and that is listed for its capability to
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provide fire control of specific high-challenge fire hazards.

3.6.2.4 Nozzles. A device for use in applications requiring special water discharge patterns,
directional spray, or other unusual discharge characteristics.

3.6.2.5 Old-Style/Conventional Sprinkler. A sprinkler that directs from 40 percent to 60
percent of the total water initially in a downward direction and that is designed to be installed
with the deflector either upright or pendent.

3.6.2.6 Open Sprinkler. A sprinkler that does not have actuators or heat-responsive
elements.

3.6.2.7* Quick-Response Early Suppression (QRES) Sprinkler. A type of quick-response
sprinkler that meets the criteria of 3.6.1(a)(1) and is listed for its capability to provide fire
suppression of specific fire hazards.

3.6.2.8 Quick-Response Extended Coverage Sprinkler. A type of quick-response
sprinkler that meets the criteria of 3.6.1(a)(1) and complies with the extended protection
areas defined in Chapter 8.

3.6.2.9* Quick-Response (QR) Sprinkler. A type of spray sprinkler that meets the fast
response criteria of 3.6.1(a)(1) and is listed as a quick-response sprinkler for its intended use.

3.6.2.10 Residential Sprinkler. A type of fast-response sprinkler that meets the criteria of
3.6.1(a)(1) that has been specifically investigated for its ability to enhance survivability in the
room of fire origin and is listed for use in the protection of dwelling units.

3.6.2.11 Special Sprinkler. A sprinkler that has been tested and listed as prescribed in 8.4.8.

3.6.2.12 Specific Application Control Mode Sprinkler (for Storage Use). A type of spray
sprinkler listed at a minimum operating pressure with a specific number of operating
sprinklers for a given protection scheme.

3.6.2.13 Spray Sprinkler. A type of sprinkler listed for its capability to provide fire control
for a wide range of fire hazards.

3.6.2.14 Standard Spray Sprinkler. A spray sprinkler with maximum coverage areas as
specified in Sections 8.6 and 8.7 of this standard.

3.6.3 Installation Orientation. The following sprinklers are defined according to
orientation.

3.6.3.1 Concealed Sprinkler. A recessed sprinkler with cover plates.

3.6.3.2 Flush Sprinkler. A sprinkler in which all or part of the body, including the shank
thread, is mounted above the lower plane of the ceiling.

3.6.3.3 Pendent Sprinkler. A sprinkler designed to be installed in such a way that the water
stream is directed downward against the deflector.

3.6.3.4 Recessed Sprinkler. A sprinkler in which all or part of the body, other than the
shank thread, is mounted within a recessed housing.

3.6.3.5 Sidewall Sprinkler. A sprinkler having special deflectors that are designed to
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discharge most of the water away from the nearby wall in a pattern resembling one-quarter
of a sphere, with a small portion of the discharge directed at the wall behind the sprinkler.

3.6.3.6 Upright Sprinkler. A sprinkler designed to be installed in such a way that the water
spray is directed upwards against the deflector.

3.6.4 Special Service Conditions. The following sprinklers are defined according to special
application or environment.

3.6.4.1 Corrosion-Resistant Sprinkler. A sprinkler fabricated with corrosion-resistant
material, or with special coatings or platings, to be used in an atmosphere that would
normally corrode sprinklers.

3.6.4.2* Dry Sprinkler. A sprinkler secured in an extension nipple that has a seal at the inlet
end to prevent water from entering the nipple until the sprinkler operates.

3.6.4.3 Institutional Sprinkler. A sprinkler specially designed for resistance to
load-bearing purposes and with components not readily converted for use as weapons.

3.6.4.4 Intermediate Level Sprinkler/Rack Storage Sprinkler. A sprinkler equipped with
integral shields to protect its operating elements from the discharge of sprinklers installed at
higher elevations.

3.6.4.5 Ornamental/Decorative Sprinkler. A sprinkler that has been painted or plated by
the manufacturer.

3.6.4.6 Pilot Line Detector. A standard spray sprinkler or thermostatic fixed-temperature
release device used as a detector to pneumatically or hydraulically release the main valve,
controlling the flow of water into a fire protection system.

3.7 Construction Definitions.

3.7.1* Obstructed Construction. Panel construction and other construction where beams,
trusses, or other members impede heat flow or water distribution in a manner that materially
affects the ability of sprinklers to control or suppress a fire.

3.7.2* Unobstructed Construction. Construction where beams, trusses, or other members
do not impede heat flow or water distribution in a manner that materially affects the ability of
sprinklers to control or suppress a fire. Unobstructed construction has horizontal structural
members that are not solid, where the openings are at least 70 percent of the cross-section
area and the depth of the member does not exceed the least dimension of the openings, or all
construction types where the spacing of structural members exceeds 7' ft (2.3 m) on center.

3.8 Private Water Supply Piping Definitions.
3.8.1 General Definitions from NFPA 24.

3.8.1.1 Appurtenance. An accessory or attachment that enables the private fire service
main to perform its intended function. [24, 2007]

3.8.1.2 Corrosion Resistant Piping. Piping that has the property of being able to withstand
deterioration of its surface or its properties when exposed to its environment. [24, 2007]
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3.8.1.3 Corrosion Retardant Material. A lining or coating material that when applied to
piping or appurtenances has the property of reducing or slowing the deterioration of the
object's surface or properties when exposed to its environment. [24, 2007]

3.8.1.4 Fire Department Connection. A connection through which the fire department can
pump supplemental water into the sprinkler system, standpipe, or other system, furnishing
water for fire extinguishment to supplement existing water supplies. [24, 2007]

3.8.1.5 Fire Pump. A pump supplying water at the flow and pressure required by
water-based fire protection systems. [24, 2007]

3.8.1.6 Hose House. An enclosure located over or adjacent to a hydrant or other water
supply designed to contain the necessary hose nozzles, hose wrenches, gaskets, and spanners
to be used in fire fighting in conjunction with and to provide aid to the local fire department.
[24, 2007]

3.8.1.7 Hydrant Butt. The hose connection outlet of a hydrant. [24, 2007]

3.8.1.8 Hydraulically Calculated Water Demand Flow Rate. The water flow rate for a

system or hose stream that has been calculated using accepted engineering practices. [24,
2007]

3.8.1.9 Pressure.

3.8.1.9.1 Residual Pressure. The pressure that exists in the distribution system, measured
at the residual hydrant at the time the flow readings are taken at the flow hydrants. [24,
2007]

3.8.1.9.2 Static Pressure. The pressure that exists at a given point under normal
distribution system conditions measured at the residual hydrant with no hydrants flowing.
(24, 2007]

3.8.1.10 Pressure Regulating Device. A device designed for the purpose of reducing,
regulating, controlling, or restricting water pressure. Examples include pressure-reducing
valves, pressure-control valves, and pressure-restricting devices. [24, 2007]

3.8.1.11* Private Fire Service Main. Private fire service main, as used in this standard, is
that pipe and its appurtenances on private property (1) between a source of water and the
base of the system riser for water-based fire protection systems, (2) between a source of
water and inlets to foam-making systems, (3) between a source of water and the base elbow
of private hydrants or monitor nozzles, and (4) used as fire pump suction and discharge
piping, (5) beginning at the inlet side of the check valve on a gravity or pressure tank. [24,
2007]

3.8.1.12 Pumper Outlet. The hydrant outlet intended for use by fire departments for taking
supply from the hydrant for pumpers. [24, 2007]

3.8.1.13 Rated Capacity. The flow available from a hydrant at the designated residual
pressure (rated pressure) either measured or calculated. [24, 2007]

3.8.1.14 Test.
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3.8.1.14.1 Flow Test. A test performed by the flow and measurement of water from one
hydrant and the static and residual pressures from an adjacent hydrant for the purpose of
determining the available water supply at that location. [24, 2007]

3.8.1.14.2 Flushing Test. A test of a piping system using high velocity flows to remove
debris from the piping system prior to it being placed in service. [24, 2007]

3.8.1.14.3 Hydrostatic Test. A test of a closed piping system and its attached
appurtenances consisting of subjecting the piping to an increased internal pressure for a
specified period of duration to verify system integrity and leak rates. [24, 2007]

3.8.1.15 Valve.
3.8.1.15.1 Check Valve. A valve that allows flow in one direction only. [24, 2007]

3.8.1.15.2 Indicating Valve. A valve that has components that show if the valve is open or
closed. Examples are outside screw and yoke (OS&Y) gate valves and underground gate
valves with indicator posts. [24, 2007]

3.8.2 Hydrant Definitions from NFPA 24.

3.8.2.1 Hydrant. An exterior valved connection to a water supply system that provides
hose connections. [24, 2007]

3.8.2.1.1 Dry Barrel Hydrant. This is the most common type of hydrant; it has a control
valve below the frost line between the footpiece and the barrel. A drain is located at the
bottom of the barrel above the control valve seat for proper drainage after operation. [24,
2007]

3.8.2.1.2 Flow Hydrant. The hydrant that is used for the flow and flow measurement of
water during a flow test. [24, 2007]

3.8.2.1.3 Private Fire Hydrant. A valved connection on a water supply system having one
or more outlets and that is used to supply hose and fire department pumpers with water on
private property. Where connected to a public water system, the private hydrants are
supplied by a private service main that begins at the point of service designated by the
authority having jurisdiction, usually at a manually operated valve near the property line. [24,
2007]

3.8.2.1.4 Public Hydrant. A valved connection on a water supply system having one or
more outlets and that is used to supply hose and fire department pumpers with water. [24,
2007]

3.8.2.1.5 Residual Hydrant. The hydrant that is used for measuring static and residual
pressures during a flow test. [24, 2007]

3.8.2.1.6 Wet Barrel Hydrant. A type of hydrant that sometimes is used where there is no
danger of freezing weather. Each outlet on a wet barrel hydrant is provided with a valved
outlet threaded for fire hose. [24, 2007]

3.9 Storage Definitions.
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3.9.1 General.

3.9.1.1* Available Height for Storage. The maximum height at which commodities can be
stored above the floor and still maintain necessary clearance from structural members and the
required clearance below sprinklers.

3.9.1.2 Cartoned. A method of storage consisting of corrugated cardboard or paperboard
containers fully enclosing the commodity.

3.9.1.3 Clearance. The distance from the top of storage to the ceiling sprinkler deflectors.

3.9.1.4 Commodity. The combination of products, packing material, and container that
determines commodity classification.

3.9.1.5* Compartmented. The rigid separation of the products in a container by dividers
that form a stable unit under fire conditions.

3.9.1.6* Container (Shipping, Master, or Outer Container). A receptacle strong enough,
by reason of material, design, and construction, to be shipped safely without further
packaging.

3.9.1.7* Conventional Pallets. A material-handling aid designed to support a unit load with
openings to provide access for material-handling devices. (See Figure A.3.9.1.7.)

3.9.1.8 Encapsulation. A method of packaging consisting of a plastic sheet completely
enclosing the sides and top of a pallet load containing a combustible commodity or a
combustible package or a group of combustible commodities or combustible packages.
Combustible commodities individually wrapped in plastic sheeting and stored exposed in a
pallet load also are to be considered encapsulated. Totally noncombustible commodities on
wood pallets enclosed only by a plastic sheet as described are not covered under this
definition. Banding (i.e., stretch-wrapping around the sides only of a pallet load) is not
considered to be encapsulation. Where there are holes or voids in the plastic or waterproof
cover on the top of the carton that exceed more than half of the area of the cover, the term
encapsulated does not apply. The term encapsulated does not apply to plastic-enclosed
products or packages inside a large, nonplastic, enclosed container.

3.9.1.9 Expanded (Foamed or Cellular) Plastics. Those plastics, the density of which is
reduced by the presence of numerous small cavities (cells), interconnecting or not, dispersed
throughout their mass.

3.9.1.10 Exposed Group A Plastic Commodities. Those plastics not in packaging or
coverings that absorb water or otherwise appreciably retard the burning hazard of the
commodity. (Paper wrapped or encapsulated, or both, should be considered exposed.)

3.9.1.11 Free-Flowing Plastic Materials. Those plastics that fall out of their containers
during a fire, fill flue spaces, and create a smothering effect on the fire. Examples include
powder, pellets, flakes, or random-packed small objects [e.g., razor blade dispensers, 1 0z to
2 0z (28 g to 57 g) bottles].

3.9.1.12 High-Challenge Fire Hazard. A fire hazard typical of that produced by fires in
combustible high-piled storage.
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3.9.1.13 High-Piled Storage. Solid-piled, palletized, rack storage, bin box, and shelf storage
in excess of 12 ft (3.7 m) in height.

3.9.1.14* Miscellaneous Storage. Storage that does not exceed 12 ft (3.66 m) in height and
is incidental to another occupancy use group. Such storage shall not constitute more than 10
percent of the building area or 4000 ft2 (372 m2) of the sprinklered area, whichever is
greater. Such storage shall not exceed 1000 fi2 (93 m?) in one pile or area, and each such pile
or area shall be separated from other storage areas by at least 25 ft (7.62 m).

3.9.1.15 Packaging. A commodity wrapping, cushioning, or container.

3.9.1.16 Plastic Pallet. A pallet having any portion of its construction consisting of a plastic
material.

3.9.1.17* Reinforced Plastic Pallet. A plastic pallet incorporating a secondary reinforcing
material (such as steel or fiberglass) within the pallet.

3.9.1.18 Roof Height. The distance between the floor and the underside of the roof deck
within the storage area.

3.9.1.19 Slave Pallet. A special pallet captive to a material-handling system. (See Figure
A.3.9.1.7.)

3.9.1.20 Storage Aids. Commodity storage devices, such as pallets, dunnage, separators,
and skids.

3.9.1.21 Unit Load. A pallet load or module held together in some manner and normally
transported by material-handling equipment.

3.9.1.22 Wood Pallet. A pallet constructed entirely of wood with metal fasteners.
3.9.2 Palletized, Solid Pile, Bin Box, and Shelf Storage.
3.9.2.1 Array.

3.9.2.1.1 Closed Array. A storage arrangement where air movement through the pile is
restricted because of 6 in. (152 mm) or less vertical flues.

3.9.2.1.2* Open Array. A storage arrangement where air movement through the pile is
enhanced because of vertical flues larger than 6 in. (152 mm).

3.9.2.2 Bin Box Storage. Storage in five-sided wood, metal, or cardboard boxes with open
face on the aisles. Boxes are self-supporting or supported by a structure so designed that
little or no horizontal or vertical space exists around boxes.

3.9.2.3 Palletized Storage. Storage of commodities on pallets or other storage aids that
form horizontal spaces between tiers of storage.

3.9.2.4* Pile Stability, Stable Piles. Those arrays where collapse, spillage of content, or
leaning of stacks across flue spaces is not likely to occur soon after initial fire development.

3.9.2.5* Pile Stability, Unstable Piles. Those arrays where collapse, spillage of contents, or
leaning of stacks across flue spaces occurs soon after initial fire development.
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3.9.2.6 Shelf Storage. Storage on structures up to and including 30 in. (762 mm) deep with
shelves usually 2 ft (0.6 m) apart vertically and separated by approximately 30 in. (762 mm)
aisles.

3.9.2.7 Solid Unit Load of a Nonexpanded Plastic (Either Cartoned or Exposed). A
load that does not have voids (air) within the load and that burns only on the exterior of the
load; water from sprinklers might reach most surfaces available to burn.

3.9.3 Rack Storage.

3.9.3.1* Aisle Width. The horizontal dimension between the face of the loads in racks under
consideration. (See Figure A.3.9.3.1.)

3.9.3.2 Automotive Components on Portable Racks. Automotive components on portable
racks are defined as the following: instrument panels, windshields, metal and plastic gasoline
tanks, heater housings, door panels, interior trim, bumper facia, wiring harnesses, sheet
metal, body components, engines, driveline components, steering mechanisms, auxiliary
motors, and lighting — all with or without expanded plastic donnage. This definition does
not include the storage of air bags, tires, and seats on portable racks.

3.9.3.3 Bulkhead. A vertical barrier across the rack.

3.9.3.4 Face Sprinklers. Standard sprinklers that are located in transverse flue spaces along
the aisle or in the rack, are within 18 in. (0.46 m) of the aisle face of storage, and are used to
oppose vertical development of fire on the external face of storage.

3.9.3.5 Horizontal Barrier. A solid barrier in the horizontal position covering the entire
rack, including all flue spaces at certain height increments, to prevent vertical fire spread.

3.9.3.6* Longitudinal Flue Space. The space between rows of storage perpendicular to the
direction of loading. (See Figure A4.3.9.3.6.)

3.9.3.7* Rack. Any combination of vertical, horizontal, and diagonal members that supports
stored materials. Shelving in some rack structures use shelves that can be solid, slatted, or
open. Racks can be fixed, portable, or movable. Loading can be either manual — using lift
trucks, stacker cranes, or hand placement — or automatic — using machine-controlled
storage and retrieval systems.

3.9.3.7.1 Double-Row Racks. Racks less than or equal to 12 ft (3.7 m) in depth or
single-row racks placed back to back having an aggregate depth up to 12 ft (3.7 m), with
aisles having an aisle width of at least 3.5 ft (1.1 m) between loads on racks.

3.9.3.7.2 Movable Racks. Racks on fixed rails or guides. They can be moved back and forth
only in a horizontal, two-dimensional plane. A moving aisle is created as abutting racks are
either loaded or unloaded, then moved across the aisle to abut other racks.

3.9.3.7.3 Multiple-Row Racks. Racks greater than 12 ft (3.7 m) in depth or single- or
double-row racks separated by aisles less than 3.5 ft (1.1 m) wide having an overall width
greater than 12 ft (3.7 m).

3.9.3.7.4 Portable Racks. Racks that are not fixed in place. They can be arranged in any
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number of configurations.

3.9.3.7.5 Single-Row Racks. Racks that have no longitudinal flue space and that have a
depth up to 6 ft (1.8 m) with aisles having a width of at least 3.5 ft (1.1 m) between loads on
racks.

3.9.3.8 Solid Shelving. Solid shelving is fixed in place, slatted, wire mesh or other type of
shelves located within racks. The area of a solid shelf is defined by perimeter aisle or flue
space on all four sides. Solid shelves having an area equal to or less than 20 ft2 (1.9 m2) shall
be defined as open racks. Shelves of wire mesh, slates, or other materials more than 50
percent open and where the flue spaces are maintained shall be defined as open racks.

3.9.3.9 Transverse Flue Space. The space between rows of storage parallel to the direction
of loading. (See Figure A.3.9.3.6.)

3.9.4 Rubber Tire Storage Definitions.
3.9.4.1 Banded Tires. A storage method in which a number of tires are strapped together.

3.9.4.2 Horizontal Channel. Any uninterrupted space in excess of 5 ft (1.5 m) in length
between horizontal layers of stored tires. Such channels can be formed by pallets, shelving,
racks, or other storage arrangements.

3.9.4.3 Laced Tire Storage. Tires stored where the sides of the tires overlap, creating a
woven or laced appearance. [See Figure A4.3.9.4.9(g).]

3.9.4.4* Miscellaneous Tire Storage. The storage of rubber tires that is incidental to the
main use of the building. Storage areas shall not exceed 2000 ft2 (186 m?). On-tread storage
piles, regardless of storage method, shall not exceed 25 ft (7.6 m) in the direction of the
wheel holes. Acceptable storage arrangements include (a) on-floor, on-side storage up to 12
ft (3.7 m) high; (b) on-floor, on-tread storage up to 5 ft (1.5 m) high; (c) double-row or
multirow fixed or portable rack storage on-side or on-tread up to 5 ft (1.5 m) high; (d) single
row fixed or portable rack storage on-side or on-tread up to 12 ft (3.7 m) high; and (e) laced
tires in racks up to 5 ft (1.5 m) in height.

3.9.4.5 On-Side Tire Storage. Tires stored horizontally or flat.
3.9.4.6 On-Tread Tire Storage. Tires stored vertically or on their treads.

3.9.4.7 Palletized Tire Storage. Storage on portable racks of various types utilizing a
conventional pallet as a base.

3.9.4.8 Pyramid Tire Storage. On-floor storage in which tires are formed into a pyramid to
provide pile stability.

3.9.4.9* Rubber Tire Rack Illustrations. See Figure A.3.9.4.9(a) through Figure
A.3.9.4.9(g).

3.9.4.10 Rubber Tires. Pneumatic tires for passenger automobiles, aircraft, light and heavy
trucks, trailers, farm equipment, construction equipment (off-the-road), and buses.

3.9.5 Roll Paper Definitions.
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3.9.5.1 Array (Paper).

3.9.5.1.1 Closed Array (Paper). A vertical storage arrangement in which the distances
between columns in both directions are short [not more than 2 in. (50 mm) in one direction
and 1 in. (25 mm) in the other].

3.9.5.1.2 Open Array (Paper). A vertical storage arrangement in which the distance
between columns in both directions is lengthy (all vertical arrays other than closed or
standard).

3.9.5.1.3* Standard Array (Paper). A vertical storage arrangement in which the distance
between columns in one direction is short [1 in. (25 mm) or less] and is in excess of 2 in. (50
mm) in the other direction.

3.9.5.2 Banded Roll Paper Storage. Rolls provided with a circumferential steel strap [ 7 in.
(9.5 mm) or wider] at each end of the roll.

3.9.5.3 Column. A single vertical stack of rolls.
3.9.5.4 Core. The central tube around which paper is wound to form a roll.

3.9.5.5 Paper (General Term). The term for all kinds of felted sheets made from natural
fibrous materials, usually vegetable but sometimes mineral or animal, and formed on a fine
wire screen from water suspension.

3.9.5.6 Roll Paper Storage.

3.9.5.6.1 Horizontal Roll Paper Storage. Rolls stored with the cores in the horizontal plane
(on-side storage).

3.9.5.6.2 Vertical Roll Paper Storage. Rolls stored with the cores in the vertical plane
(on-end storage).

3.9.5.6.3* Wrapped Roll Paper Storage. Rolls provided with a complete heavy kraft
covering around both sides and ends.

3.9.5.7* Roll Paper Storage Height. The maximum vertical distance above the floor at
which roll paper is normally stored.

3.9.6 Baled Cotton Definitions.

3.9.6.1* Baled Cotton. A natural seed fiber wrapped and secured in industry-accepted
materials, usually consisting of burlap, woven polypropylene, or sheet polyethylene, and
secured with steel, synthetic or wire bands, or wire; also includes linters (lint removed from
the cottonseed) and motes (residual materials from the ginning process). (See Table
A.3.9.6.1.)

3.9.6.2* Tiered Storage. An arrangement in which bales are stored directly on the floor,
two or more bales high.

3.10 Marine Definitions.
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These definitions apply to Chapter 17 only.

3.10.1 A-Class Boundary. A boundary designed to resist the passage of smoke and flame
for 1 hour when tested in accordance with ASTM E 119, Standard Test Methods for Fire
Tests of Building Construction and Materials.

3.10.2 B-Class Boundary. A boundary designed to resist the passage of flame for 2 hour
when tested in accordance with ASTM E 119, Standard Test Methods for Fire Tests of
Building Construction and Materials.

3.10.3 Central Safety Station. A continuously manned control station from which all of the
fire control equipment is monitored. If this station is not the bridge, direct communication
with the bridge shall be provided by means other than the ship's service telephone.

3.10.4* Heat-Sensitive Material. A material whose melting point is below 1700°F
(926.7°C).

3.10.5 Heel. The inclination of a ship to one side.

3.10.6 Heel Angle. The angle defined by the intersection of a vertical line through the center
of'a vessel and a line perpendicular to the surface of the water.

3.10.7 International Shore Connection. A universal connection to the vessel's fire main to
which a shoreside fire-fighting water supply can be connected.

3.10.8* Marine System. A sprinkler system installed on a ship, boat, or other floating
structure that takes its supply from the water on which the vessel floats.

3.10.9* Marine Thermal Barrier. An assembly that is constructed of noncombustible
materials and made intact with the main structure of the vessel, such as shell, structural
bulkheads, and decks. A marine thermal barrier shall meet the requirements of a B-Class
boundary. In addition, a marine thermal barrier shall be insulated such that, if tested in
accordance with ASTM E 119, Standard Test Methods for Fire Tests of Building
Construction and Materials, for 15 minutes, the average temperature of the unexposed side
does not rise more than 250°F (193°C) above the original temperature, nor does the
temperature at any one point, including any joint, rise more than 405°F (225°C) above the
original temperature.

3.10.10 Supervision. A visual and audible alarm signal given at the central safety station to
indicate when the system is in operation or when a condition that would impair the
satisfactory operation of the system exists. Supervisory alarms shall give a distinct indication
for each individual system component that is monitored.

3.10.11 Survival Angle. The maximum angle to which a vessel is permitted to heel after the
assumed damage required by stability regulations is imposed.

3.10.12 Type 1 Stair. A fully enclosed stair that serves all levels of a vessel in which persons
can be employed.

3.10.13 Marine Water Supply. The supply portion of the sprinkler system from the water
pressure tank or the sea suction of the designated sprinkler system pump up to and including
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the valve that isolates the sprinkler system from these two water sources.

3.11 Hanging and Bracing Definitions.

3.11.1 Sway Brace. An assembly intended to be attached to the piping to resist horizontal
earthquake loads.

3.11.2 Four-Way Brace. A sway brace intended to resist differential movement of the
piping system in all horizontal directions.

3.11.3 Lateral Brace. A sway brace intended to resist differential movement perpendicular
to the axis of the pipe.

3.11.4 Longitudinal Brace. A sway brace intended to resist differential movement parallel
to the axis of the pipe.

3.11.5 F,,. The horizontal force due to seismic load acting on a brace at working stress
levels.

3.11.6 C,,. The seismic coefficient that combines ground motion and seismic response factors
from ASCE 7-05.

3.11.7 S. The Maximum Considered Earthquake Ground Motion for 0.2 sec Spectral
Response Acceleration (5% of Critical Damping), Site Class B for a specific site.

Chapter 4 General Requirements

4.1 Level of Protection.

A building, where protected by an automatic sprinkler system installation, shall be provided
with sprinklers in all areas except where specific sections of this standard permit the omission
of sprinklers.

4.2 Limited Area Systems.

4.2.1 When partial sprinkler systems are installed, the requirements of this standard shall be
used insofar as they are applicable.

4.2.2 The authority having jurisdiction shall be consulted in each case.

4.3* Owner's Certificate.

The owner(s) of a building or structure where the fire sprinkler system is going to be
installed or their authorized agent shall provide the sprinkler systems installer with the
following information prior to the layout and detailing of the fire sprinkler system /See
Figure A.22.1(b)]:

(D) Intended use of the building including the materials within the building and the
maximum height of any storage

(2) A preliminary plan of the building or structure along with the design concepts
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necessary to perform the layout and detail for the fire sprinkler system

(3)  Any special knowledge of the water supply, including known environmental
conditions that might be responsible for corrosion, including microbiologically
influenced corrosion (MIC)

4.4*% Additives.

Additives or chemicals intended to stop leaks, such as sodium silicate or derivatives of
sodium silicate, brine, or similar acting chemicals, shall not be used in sprinkler systems.

Chapter 5 Classification of Occupancies and Commodities

5.1* Classification of Occupancies.

5.1.1 Occupancy classifications for this standard shall relate to sprinkler design, installation,
and water supply requirements only.

5.1.2 Occupancy classifications shall not be intended to be a general classification of
occupancy hazards.

5.2* Light Hazard Occupancies.

Light hazard occupancies shall be defined as occupancies or portions of other occupancies
where the quantity and/or combustibility of contents is low and fires with relatively low rates
of heat release are expected.

5.3* Ordinary Hazard Occupancies.

5.3.1* Ordinary Hazard (Group 1). Ordinary hazard (Group 1) occupancies shall be
defined as occupancies or portions of other occupancies where combustibility is low,
quantity of combustibles is moderate, stockpiles of combustibles do not exceed 8 ft (2.4 m),
and fires with moderate rates of heat release are expected. Dedicated and miscellaneous
storage shall be protected in accordance with Chapter 12 and Chapter 13 as applicable.

5.3.2* Ordinary Hazard (Group 2). Ordinary hazard (Group 2) occupancies shall be
defined as occupancies or portions of other occupancies where the quantity and
combustibility of contents are moderate to high, where stockpiles of contents with moderate
rates of heat release do not exceed 12 ft (3.66 m) and stockpiles of contents with high rates
of heat release do not exceed 8 ft (2.4 m). Dedicated and miscellaneous storage shall be
protected in accordance with Chapter 12 and Chapter 13 as applicable.

5.4 Extra Hazard Occupancies.

5.4.1* Extra Hazard (Group 1). Extra hazard (Group 1) occupancies shall be defined as
occupancies or portions of other occupancies where the quantity and combustibility of
contents are very high and dust, lint, or other materials are present, introducing the
probability of rapidly developing fires with high rates of heat release but with little or no
combustible or flammable liquids.
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5.4.2* Extra Hazard (Group 2). Extra hazard (Group 2) occupancies shall be defined as
occupancies or portions of other occupancies with moderate to substantial amounts of
flammable or combustible liquids or occupancies where shielding of combustibles is
extensive.

5.5*% Special Occupancy Hazards.

5.6* Commodity Classification.

See Section C.2.

5.6.1 General.

5.6.1.1* Classification of Commodities.

5.6.1.1.1 Commodity classification and the corresponding protection requirements shall be
determined based on the makeup of individual storage units (i.e., unit load, pallet load).

5.6.1.1.2 When specific test data of commodity classification by a nationally recognized
testing agency are available, the data shall be permitted to be used in determining
classification of commodities.

5.6.1.2 Mixed Commodities.

5.6.1.2.1 Protection requirements shall not be based on the overall commodity mix in a fire
area.

5.6.1.2.2 Unless the requirements of 5.6.1.2.3 or 5.6.1.2.4 are met, mixed commodity
storage shall be protected by the requirements for the highest classified commodity and
storage arrangement.

5.6.1.2.3 The protection requirements for the lower commodity class shall be permitted to
be utilized where all of the following are met:

(1)  Upto 10 pallet loads of a higher hazard commodity, as described in 5.6.3 and 5.6.4,
shall be permitted to be present in an area not exceeding 40,000 ft2 (3716 m2).

(2) The higher hazard commodity shall be randomly dispersed with no adjacent loads in
any direction (including diagonally).

3) Where the ceiling protection is based on Class I or Class Il commodities, the
allowable number of pallet loads for Class IV or Group A plastics shall be reduced to
five.

5.6.1.2.4 Mixed Commodity Segregation. The protection requirements for the lower
commodity class shall be permitted to be utilized in the area of lower commodity class,
where the higher hazard material is confined to a designated area and the area is protected to
the higher hazard in accordance with the requirements of this standard.

5.6.2 Pallet Types.

5.6.2.1 When loads are palletized, the use of wood or metal pallets shall be assumed in the
classification of commodities.
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5.6.2.2 For Class I through Class IV, when unreinforced polypropylene or high-density
polyethylene plastic pallets are used, the classification of the commodity unit shall be
increased one class (e.g., Class III will become Class IV, and Class IV will become cartoned
unexpanded Group A plastics). Unreinforced polypropylene or unreinforced high-density
polyethylene plastic pallets shall be marked with a permanent symbol to indicate that the
pallet is unreinforced.

5.6.2.3 For Class I through Class IV, when reinforced polypropylene or high-density
polyethylene plastic pallets are used, the classification of the commodity unit shall be
increased two classes except for Class IV commodity, which shall be increased to a cartoned
unexpanded Group A plastic commodity (e.g., Class II will become Class IV, and Class 111
and Class IV will become a cartoned unexpanded Group A plastic commodity). Pallets shall
be assumed to be reinforced if no permanent marking or manufacturer's certification of
non-reinforcement is provided.

5.6.2.4 For Class I through Class IV when other than polypropylene or high-density
polyethylene plastic pallets are used, the classification of the commodity unit shall be
determined by specific testing conducted by a national testing laboratory or shall be increased
two classes.

5.6.2.5 No increase in the commodity classification shall be required for Group A plastic
commodities stored on plastic pallets.

5.6.2.6 For ceiling-only sprinkler protection, the requirements of 5.6.2.2 and 5.6.2.3 shall
not apply where plastic pallets are used and where the sprinkler system uses spray sprinklers
with a minimum K-factor of 16.8.

5.6.2.7 The requirements of 5.6.2.2 through 5.6.2.4 shall not apply to nonwood pallets that
have demonstrated a fire hazard that is equal to or less than wood pallets and are listed as
such.

5.6.3* Commodity Classes.

5.6.3.1% Class I. A Class I commodity shall be defined as a noncombustible product that
meets one of the following criteria:

(1) Placed directly on wood pallets

(2)  Placed in single-layer corrugated cartons, with or without single-thickness cardboard
dividers, with or without pallets

3) Shrink-wrapped or paper-wrapped as a unit load with or without pallets

5.6.3.2*% Class II. A Class II commodity shall be defined as a noncombustible product that is
in slatted wooden crates, solid wood boxes, multiple-layered corrugated cartons, or
equivalent combustible packaging material, with or without pallets.

5.6.3.3* Class III.
5.6.3.3.1 A Class III commodity shall be defined as a product fashioned from wood, paper,

natural fibers, or Group C plastics with or without cartons, boxes, or crates and with or
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without pallets.

5.6.3.3.2 A Class III commodity shall be permitted to contain a limited amount (5 percent
by weight or volume or less) of Group A or Group B plastics.

5.6.3.4* Class IV.

5.6.3.4.1 A Class IV commodity shall be defined as a product, with or without pallets, that
meets one of the following criteria:

(1) Constructed partially or totally of Group B plastics
(2) Consists of free-flowing Group A plastic materials

3) Contains within itself or its packaging an appreciable amount (5 percent to 15 percent
by weight or 5 percent to 25 percent by volume) of Group A plastics

5.6.3.4.2 The remaining materials shall be permitted to be metal, wood, paper, natural or
synthetic fibers, or Group B or Group C plastics.

5.6.4* Classification of Plastics, Elastomers, and Rubber. Plastics, elastomers, and rubber
shall be classified as Group A, Group B, or Group C.

5.6.4.1* Group A. The following materials shall be classified as Group A:
(D) ABS (acrylonitrile-butadiene-styrene copolymer)

(2)  Acetal (polyformaldehyde)

(3)  Acrylic (polymethyl methacrylate)

4) Butyl rubber

(5)  EPDM (ethylene-propylene rubber)

(6) FRP (fiberglass-reinforced polyester)

(7)  Natural rubber (if expanded)

(8)  Nitrile-rubber (acrylonitrile-butadiene-rubber)

) PET (thermoplastic polyester)

(10)  Polybutadiene

(11)  Polycarbonate

(12)  Polyester elastomer

(13)  Polyethylene

(14)  Polypropylene

(15) Polystyrene

(16)  Polyurethane

(17)  PVC (polyvinyl chloride — highly plasticized, with plasticizer content greater than 20
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percent) (rarely found)
(18)  SAN (styrene acrylonitrile)
(19)  SBR (styrene-butadiene rubber)
5.6.4.2 Group B. The following materials shall be classified as Group B:
(1) Cellulosics (cellulose acetate, cellulose acetate butyrate, ethyl cellulose)
(2) Chloroprene rubber

3) Fluoroplastics (ECTFE — ethylene-chlorotrifluoro-ethylene copolymer; ETFE —
ethylene-tetrafluoroethylene-copolymer; FEP — fluorinated ethylene-propylene

copolymer)
(4)  Natural rubber (not expanded)
(5)  Nylon (nylon 6, nylon 6/6)
(6) Silicone rubber
5.6.4.3 Group C. The following materials shall be classified as Group C:

(1) Fluoroplastics (PCTFE — polychlorotrifluoroethylene; PTFE —
polytetrafluoroethylene)

(2) Melamine (melamine formaldehyde)
3) Phenolic

4) PVC (polyvinyl chloride — flexible — PVCs with plasticizer content up to 20
percent)

(%) PVDC (polyvinylidene chloride)
(6) PVDF (polyvinylidene fluoride)
(7) PVF (polyvinyl fluoride)

(8) Urea (urea formaldehyde)

5.6.5* Classification of Rolled Paper Storage. For the purposes of this standard, the
classifications of paper described in 5.6.5.1 through 5.6.5.4 shall apply and shall be used to
determine the sprinkler system design criteria.

5.6.5.1 Heavyweight Class. Heavyweight class shall be defined so as to include paperboard
and paper stock having a basis weight [weight per 1000 ft2 (92.9 m?)] of 20 1b (9.1 kg).

5.6.5.2 Mediumweight Class. Mediumweight class shall be defined so as to include all the
broad range of papers having a basis weight [weight per 1000 ft2 (92.9 m?)] of 10 Ib to 20 Ib
(4.5 kg to 9.1 kg).

5.6.5.3 Lightweight Class. Lightweight class shall be defined so as to include all papers
having a basis weight [weight per 1000 ft2 (92.9 m2)] of 10 Ib (4.5 kg).

5.6.5.4 Tissue.
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5.6.5.4.1 Tissue shall be defined so as to include the broad range of papers of characteristic
gauzy texture, which, in some cases, are fairly transparent.

5.6.5.4.2 For the purposes of this standard, tissue shall be defined as the soft, absorbent
type, regardless of basis weight — specifically, crepe wadding and the sanitary class
including facial tissue, paper napkins, bathroom tissue, and toweling.

Chapter 6 System Components and Hardware

6.1 General.
This chapter provides requirements for correct use of sprinkler system components.
6.1.1* Listing.

6.1.1.1 Materials or devices not specifically designated by this standard shall be used in
accordance with all conditions, requirements, and limitations of their special listing. All
special listing requirements shall be included and identified in the product submittal literature
and installation instructions.

6.1.1.2 Unless the requirements of 6.1.1.3, 6.1.1.4, or 6.1.1.5 are met, all materials and
devices essential to successful system operation shall be listed.

6.1.1.3 Equipment as permitted in Table 6.3.1.1 and Table 6.4.1 shall not be required to be
listed.

6.1.1.4 Materials meeting the requirements 0£9.1.1.2, 9.1.1.4.2, and 9.1.1.4.3 shall not be
required to be listed.

6.1.1.5 Components that do not affect system performance such as drain piping, drain
valves, and signs shall not be required to be listed.

6.1.2 Reconditioned Components.

6.1.2.1 The use of reconditioned valves and devices as replacement equipment in existing
systems shall be permitted.

6.1.2.2 Reconditioned sprinklers shall not be permitted to be utilized on any new or existing
system.

6.1.3 Rated Pressure. System components shall be rated for the maximum system working
pressure to which they are exposed but shall not be rated at less than 175 psi (12.1 bar) for
components installed aboveground and 150 psi (10.4 bar) for components installed
underground.

6.2 Sprinklers.
6.2.1 General. Only new sprinklers shall be installed.
6.2.2* Sprinkler Identification.

6.2.2.1 All sprinklers shall be permanently marked with a one- or two-character
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manufacturer symbol, followed by three or four numbers, so as to identify a unique sprinkler
identification for every change in orifice size or shape, deflector characteristic, pressure
rating, and thermal sensitivity.

L]
6.2.3 Sprinkler Discharge Characteristics.
6.2.3.1* General. Unless the requirements of 6.2.3.2, 6.2.3.3, or 6.2.3.4 are met, the

K-factor, relative discharge, and marking identification for sprinklers having different orifice
sizes shall be in accordance with Table 6.2.3.1.

Table 6.2.3.1 Sprinkler Discharge Characteristics Identification

Nominal K-factor Range
K-factor K-factor Range [dm3/min/(kPa)l/  Percent of Nominal Thread
lgpm/(psi)1’2] lgpm/(psi)1?2] 2 K-5.6 Discharge Type
1.4 1.3-1.5 1.9-2.2 25 Y2 in. NPT
1.9 1.8-2.0 2.6-2.9 333 Y2 in. NPT
2.8 2.6-2.9 3.8-4.2 50 Y2 in. NPT
4.2 4.0-4.4 5.9-6.4 75 Y2 in. NPT
5.6 5.3-5.8 7.6-8.4 100 Y2 in. NPT
8.0 7.4-8.2 10.7-11.8 140 % in. NPT
or

Y2 in. NPT

11.2 11.0-11.5 15.9-16.6 200 Y2 in. NPT
or

% in. NPT
14.0 13.5-14.5 19.5-20.9 250 % in. NPT
16.8 16.0-17.6 23.1-25.4 300 % in. NPT
19.6 18.6-20.6 27.2-30.1 350 1 in. NPT
224 21.3-23.5 31.1-34.3 400 1 in. NPT
25.2 23.9-26.5 34.9-38.7 450 1 in. NPT
28.0 26.6-29.4 38.943.0 500 1l in. NPT

6.2.3.2 Pipe Threads. Listed sprinklers having pipe threads different from those shown in
Table 6.2.3.1 shall be permitted.

6.2.3.3 K-Factors Greater Than 28. Sprinklers listed with nominal K-factors greater than
28 shall increase the flow by 100 percent increments when compared with a nominal K-5.6
sprinkler.

6.2.3.4 Residential Sprinklers. Residential sprinklers shall be permitted with K-factors
other than those specified in Table 6.2.3.1.

6.2.3.5 Large Drop and ESFR K-Factors. Large drop and ESFR sprinklers shall have a
minimum nominal K-factor of 11.2.

6.2.3.6 ESFR Orrifice Size. ESFR sprinkler orifice size shall be selected as appropriate for
the hazard. (See Chapter 12.)
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6.2.4 Occupancy Limitations. Unless the requirements of 6.2.4.1 or 6.2.4.2 are met,
sprinklers shall not be listed for protection of a portion of an occupancy classification.

6.2.4.1 Residential Sprinklers. Residential sprinklers shall be permitted to be listed for
portions of residential occupancies as defined in 8.4.5.1.

6.2.4.2 Special Sprinklers. Special sprinklers shall be permitted to be listed for protection of
a specific construction feature in a portion of an occupancy classification. (See §.4.8.)

6.2.5* Temperature Characteristics.

6.2.5.1 Automatic sprinklers shall have their frame arms, deflector, coating material, or
liquid bulb colored in accordance with the requirements of Table 6.2.5.1 or the requirements
0f6.2.5.2,6.2.5.3,6.2.5.4, or 6.2.5.5.

Table 6.2.5.1 Temperature Ratings, Classifications, and Color Codings

Maximum Ceiling

Temperature Temperature Rating

Glas
°F °C °F °C Temperature Classification Color Code Cc
100 38 135-170  57-77 Ordinary Uncolored or black  Orange
150 66 175-225  79-107 Intermediate White Yellow «
225 107 250-300  121-149 High Blue Blue
300 149 325-375  163-191 Extra high Red Purple
375 191 400475  204-246 Very extra high Green Black
475 246 500-575  260-302 Ultra high Orange Black
625 329 650 343 Ultra high Orange Black

6.2.5.2 A dot on the top of the deflector, the color of the coating material, or colored frame
arms shall be permitted for color identification of corrosion-resistant sprinklers.

6.2.5.3 Color identification shall not be required for ornamental sprinklers such as
factory-plated or factory-painted sprinklers or for recessed, flush, or concealed sprinklers.

6.2.5.4 The frame arms of bulb-type sprinklers shall not be required to be color coded.

6.2.5.5 The liquid in bulb-type sprinklers shall be color coded in accordance with Table
6.2.5.1.

6.2.6 Special Coatings.
6.2.6.1* Corrosion Resistant.

6.2.6.1.1 Listed corrosion-resistant sprinklers shall be installed in locations where chemicals,
moisture, or other corrosive vapors sufficient to cause corrosion of such devices exist.

6.2.6.1.2* Unless the requirements of 6.2.6.1.3 are met, corrosion-resistant coatings shall be
applied only by the manufacturer of the sprinkler and in accordance with the requirements of
6.2.6.1.3.
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6.2.6.1.3 Any damage to the protective coating occurring at the time of installation shall be
repaired at once using only the coating of the manufacturer of the sprinkler in the approved
manner so that no part of the sprinkler will be exposed after installation has been completed.

6.2.6.2* Painting.
6.2.6.2.1 Sprinklers shall only be painted by the sprinkler manufacturer.

6.2.6.2.2 Where sprinklers have had paint applied by other than the sprinkler manufacturer,
they shall be replaced with new listed sprinklers of the same characteristics, including orifice
size, thermal response, and water distribution.

6.2.6.3 Ornamental Finishes.

6.2.6.3.1 Ornamental finishes shall only be applied to sprinklers, and if applicable their
concealed cover plates, by the sprinkler manufacturer.

6.2.6.3.2 Sprinklers shall be specifically listed with ornamental finishes where utilized.
6.2.6.4 Protective Coverings.

6.2.6.4.1 Sprinklers protecting spray areas and mixing rooms in resin application areas shall
be protected against overspray residue so that they will operate in the event of fire.

6.2.6.4.2 Where protected in accordance with 6.2.6.4.1, cellophane bags having a thickness
0f0.003 in. (0.076 mm) or less or thin paper bags shall be used.

6.2.6.4.3 Coverings shall be replaced periodically so that heavy deposits of residue do not
accumulate.

6.2.6.4.4 Sprinklers that have been painted or coated shall be replaced in accordance with
the requirements of 6.2.6.2.2.

6.2.7 Escutcheons and Cover Plates.
6.2.7.1 Nonmetallic escutcheons shall be listed.

6.2.7.2% Escutcheons used with recessed, flush-type, or concealed sprinklers shall be part of
a listed sprinkler assembly.

6.2.7.3 Cover plates used with concealed sprinklers shall be part of the listed sprinkler
assembly.

6.2.8 Guards. Sprinklers subject to mechanical injury shall be protected with listed guards.
6.2.9 Stock of Spare Sprinklers.

6.2.9.1* A supply of at least six spare sprinklers (never fewer than six) shall be maintained
on the premises so that any sprinklers that have operated or been damaged in any way can be
promptly replaced.

6.2.9.2 The sprinklers shall correspond to the types and temperature ratings of the sprinklers
in the property.

6.2.9.3 The sprinklers shall be kept in a cabinet located where the temperature to which they
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are subjected will at no time exceed 100°F (38°C).

6.2.9.4 Where dry sprinklers of different lengths are installed, spare dry sprinklers shall not
be required, provided that a means of returning the system to service is furnished.

6.2.9.5 The stock of spare sprinklers shall include all types and ratings installed and shall be
as follows:

(1) For protected facilities having under 300 sprinklers — no fewer than six sprinklers
(2) For protected facilities having 300 to 1000 sprinklers — no fewer than 12 sprinklers
3) For protected facilities having over 1000 sprinklers — no fewer than 24 sprinklers

6.2.9.6 A special sprinkler wrench shall be provided and kept in the cabinet to be used in the
removal and installation of sprinklers. One sprinkler wrench shall be provided for each type
of sprinkler installed.

6.2.9.7 A list of the sprinklers installed in the property shall be posted in the sprinkler
cabinet.

6.2.9.7.1*% The list shall include the following:

(1) Sprinkler Identification Number (SIN) if equipped; or the manufacturer, model,
orifice, deflector type, thermal sensitivity, and pressure rating

(2) General description
3) Quantity of each type to be contained in the cabinet

4) Issue or revision date of the list

6.3 Aboveground Pipe and Tube.
6.3.1 General.

6.3.1.1 Pipe or tube shall meet or exceed one of the standards in Table 6.3.1.1 or be in
accordance with 6.3.6.

Table 6.3.1.1 Pipe or Tube Materials and Dimensions

Materials and Dimensions Standard

Ferrous Piping (Welded and Seamless)

Specification for black and hot-dipped zinc-coated (galvanized) ASTM A 795
welded and seamless steel pipe for fire protection use

Specification for welded and seamless steel pipe ANSI/ASTM A 53

Wrought steel pipe ANSI/ASME
B36.10M

Specification for electric- ASTM A 135

resistance-welded steel pipe

Copper Tube (Drawn, Seamless)
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Table 6.3.1.1 Pipe or Tube Materials and Dimensions

Materials and Dimensions Standard
Specification for seamless copper tube ASTM B 75
Specification for seamless copper water tube ASTM B 88

Specification for general requirements for wrought seamless ASTM B 251
copper and copper-alloy tube
Fluxes for soldering applications of copper and copper-alloy ASTM B 813

tube

Brazing filler metal (classification BCuP-3 or BCuP-4) AWS AS5.8
Solder metal, Section 1: Solder alloys containing less than ASTM B 32
0.2% lead and having solidus temperatures greater than 400°F

Alloy materials ASTM B 446

6.3.1.2 Steel pipe shall be in accordance with 6.3.2, 6.3.3, or 6.3.4.
6.3.1.3 Copper tube shall be in accordance with 6.3.5.

6.3.1.4 Chlorinated polyvinyl chloride (CPVC) shall be in accordance with 6.3.6 and with
the portions of the ASTM standards specified in Table 6.3.6.1 that apply to fire protection
service.

6.3.2* Steel Pipe — Welded or Roll-Grooved. When steel pipe referenced in Table 6.3.1.1
is used and joined by welding as referenced in 6.5.2 or by roll-grooved pipe and fittings as
referenced in 6.5.3, the minimum nominal wall thickness for pressures up to 300 psi (20.7
bar) shall be in accordance with Schedule 10 for pipe sizes up to 5 in. (125 mm), 0.134 in.
(3.40 mm) for 6 in. (150 mm) pipe, 0.188 in. (4.78 mm) for 8 and 10 in. (200 and 250 mm)
pipe, and 0.330 in. (8.38 mm) for 12 in. (300 mm) pipe.

6.3.3 Steel Pipe — Threaded. When steel pipe referenced in Table 6.3.1.1 is joined by
threaded fittings referenced in 6.5.1 or by fittings used with pipe having cut grooves, the
minimum wall thickness shall be in accordance with Schedule 30 pipe [in sizes 8 in. (200
mm) and larger] or Schedule 40 pipe [in sizes less than 8§ in. (200 mm)] for pressures up to
300 psi (20.7 bar).

6.3.4 Specially Listed Steel Pipe. Pressure limitations and wall thickness for steel pipe
specially listed in accordance with 6.3.6 shall be permitted to be in accordance with the pipe
listing requirements.

6.3.5*% Copper Tube. Copper tube as specified in the standards listed in Table 6.3.1.1 shall
have a wall thickness of Type K, Type L, or Type M where used in sprinkler systems.

6.3.6* Listed Pipe and Tubing.

6.3.6.1 Other types of pipe or tube investigated for suitability in automatic sprinkler
installations and listed for this service, including but not limited to CPVC and steel, and
differing from that provided in Table 6.3.1.1 or Table 6.3.6.1 shall be permitted where
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6.3.6* Listed Pipe and Tubing.

6.3.6.1 Other types of pipe or tube investigated for suitability in automatic sprinkler
installations and listed for this service, including but not limited to CPVC and steel, and
differing from that provided in Table 6.3.1.1 or Table 6.3.6.1 shall be permitted where
installed in accordance with their listing limitations, including installation instructions.

Table 6.3.6.1 Specially Listed Pipe or Tube Materials and

Dimensions
Materials and Dimensions Standard
Nonmetallic piping specification for special listed chlorinated ASTM F
polyvinyl chloride (CPVC) pipe 442

Copyright NFPA



6.3.6.2 Pipe or tube listed for light hazard occupancies shall be permitted to be installed in
ordinary hazard rooms of otherwise light hazard occupancies where the room does not
exceed 400 t2 (37 m2).

6.3.6.3 Pipe or tube shall not be listed for portions of an occupancy classification.
6.3.6.4 Bending of listed pipe and tubing shall be permitted as allowed by the listing.
6.3.7 Pipe and Tube Bending.

6.3.7.1 Bending of Schedule 10 steel pipe, or any steel pipe of wall thickness equal to or
greater than Schedule 10 and Types K and L copper tube, shall be permitted when bends are
made with no kinks, ripples, distortions, or reductions in diameter or any noticeable
deviations from round.

6.3.7.2 For Schedule 40 and copper tubing, the minimum radius of a bend shall be six pipe
diameters for pipe sizes 2 in. (50 mm) and smaller and five pipe diameters for pipe sizes 22
in. (65 mm) and larger.

6.3.7.3 For all other steel pipe, the minimum radius of a bend shall be 12 pipe diameters for
all sizes.

6.3.8 Pipe and Tube Identification.

6.3.8.1 All pipe, including specially listed pipe allowed by 6.3.6, shall be marked along its
length by the manufacturer in such a way as to properly identify the type of pipe. The
marking shall be visible on every piece of pipe over 2 ft (610 mm) long.

6.3.8.2 Pipe identification shall include the manufacturer's name, model designation, or
schedule.

6.4 Fittings.

6.4.1 Fittings used in sprinkler systems shall meet or exceed the standards in Table 6.4.1 or
be in accordance with 6.4.2 or 6.4.3.

Table 6.4.1 Fittings Materials and Dimensions

Materials and Dimensions Standard
Cast Iron
Cast iron threaded fittings, Class 125 and 250 ASME B16.4
Cast iron pipe flanges and flanged fittings ASME B16.1
Malleable Iron

Malleable iron threaded fittings, Class 150 and 300 ASME B16.3
steel

Factory-made wrought steel buttweld fittings ASME B16.9
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Table 6.4.1 Fittings Materials and Dimensions

Materials and Dimensions Standard

Buttwelding ends for pipe, valves, flanges, and ASME B16.25
fittings

Specification for piping fittings of wrought carbon ~ASTM A 234
steel and alloy steel for moderate and elevated

temperatures

Steel pipe flanges and flanged fittings ASME B16.5
Forged steel fittings, socket welded and threaded ASME B16.11
copper

Wrought copper and copper alloy solder joint ASME B16.22

pressure fittings
Cast copper alloy solder joint pressure fittings ASME B16.18

6.4.2 In addition to the standards in Table 6.4.1, CPVC fittings shall also be in accordance
with 6.4.3 and with the portions of the ASTM standards specified in Table 6.4.3 that apply
to fire protection service.

6.4.3* Other types of fittings investigated for suitability in automatic sprinkler installations
and listed for this service including, but not limited to, polybutylene, CPVC, and steel
differing from that provided in Table 6.4.3, shall be permitted when installed in accordance
with their listing limitations, including installation instructions.

Table 6.4.3 Specially Listed Fittings Materials and

Dimensions
Materials and Dimensions Standard
Chlorinated polyvinyl chloride (CPVC) specification for ASTM F 437
Schedule 80 CPVC threaded fittings
Specification for Schedule 40 CPVC socket-type fittings ASTM F 438
Specification for Schedule 80 CPVC socket-type fittings ASTM F 439

6.4.4* Fitting Pressure Limits.

6.4.4.1 Standard weight pattern cast-iron fittings 2 in. (50 mm) in size and smaller shall be
permitted where pressures do not exceed 300 psi (20.7 bar).

6.4.4.2 Standard weight pattern malleable iron fittings 6 in. (150 mm) in size and smaller
shall be permitted where pressures do not exceed 300 psi (20.7 bar).

6.4.4.3 Listed fittings shall be permitted for system pressures up to the limits specified in
their listings.

6.4.4.4 Fittings not meeting the requirements of 6.4.4.1 through 6.4.4.3 shall be extra-heavy
pattern where pressures exceed 175 psi (12.1 bar).

6.4.5* Couplings and Unions.
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6.4.5.1 Screwed unions shall not be used on pipe larger than 2 in. (50 mm).

6.4.5.2 Couplings and unions of other than screwed-type shall be of types listed specifically
for use in sprinkler systems.

6.4.6 Reducers and Bushings.

6.4.6.1 Unless the requirements of 6.4.6.2 or 6.4.6.3 are met, a one-piece reducing fitting
shall be used wherever a change is made in the size of the pipe.

6.4.6.2 Hexagonal or face bushings shall be permitted in reducing the size of openings of
fittings when standard fittings of the required size are not available.

6.4.6.3 Hexagonal bushings as permitted in 8.15.19.2 shall be permitted to be used.

6.5 Joining of Pipe and Fittings.
6.5.1 Threaded Pipe and Fittings.

6.5.1.1 All threaded pipe and fittings shall have threads cut to ASME B1.20.1, Pipe
Threads, General Purpose (Inch).

6.5.1.2* Steel pipe with wall thicknesses less than Schedule 30 [in sizes 8 in. (200 mm) and
larger] or Schedule 40 [in sizes less than 8 in. (200 mm)] shall only be permitted to be joined
by threaded fittings where the threaded assembly is investigated for suitability in automatic
sprinkler installations and listed for this service.

6.5.1.3 Joint compound or tape shall be applied only to male threads.
6.5.2 Welded Pipe and Fittings.

6.5.2.1 General.

6.5.2.1.1 Welding shall be permitted as a means of joining sprinkler piping in accordance
with 6.5.2.2 through 6.5.2.6

6.5.2.2* Fabrication.

6.5.2.2.1 When welding sprinkler pipe, the pipe shall be shop welded unless the
requirements of 6.5.2.2 or 6.5.2.3 are met.

6.5.2.2.2 Where the design specifications require any part of the piping system to be welded
in place, welding of sprinkler piping shall be permitted where the welding process is
performed in accordance with NFPA 51B, Standard for Fire Prevention During Welding,
Cutting, and Other Hot Work, and the mechanical fittings required by 8.15.21 and 8.16.3 are
provided.

6.5.2.2.3 Tabs for longitudinal earthquake bracing shall be permitted to be welded to
in-place piping where the welding process is performed in accordance with NFPA 51B,
Standard for Fire Prevention During Welding, Cutting, and Other Hot Work.

6.5.2.2.4 Welding shall not be performed where there is impingement of rain, snow, sleet, or
high wind on the weld area of the pipe product.
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6.5.2.2.5 Torch cutting and welding shall not be permitted as a means of modifying or
repairing sprinkler systems.

6.5.2.3 Fittings.

6.5.2.3.1* Welded fittings used to join pipe shall be listed fabricated fittings or manufactured
in accordance with Table 6.4.1.

6.5.2.3.2 Fittings referenced in 6.5.2.3.1 shall be joined in conformance with a qualified
welding procedure as set forth in this section and shall be an acceptable product under this
standard, provided that materials and wall thickness are compatible with other sections of
this standard.

6.5.2.3.3 Fittings shall not be required where pipe ends are buttwelded in accordance with
the requirements of 6.5.2.4.2.

6.5.2.3.4 When the pipe size in a run of piping is reduced, a reducing fitting designed for
that purpose shall be used in accordance with the requirements of 6.5.2.3.1.

6.5.2.4 Welding Requirements.

6.5.2.4.1% Welds between pipe and welding outlet fittings shall be permitted to be attached
by full penetration welds, partial penetration groove welds, or fillet welds. The minimum
throat thickness shall be not less than the thickness of the pipe, the thickness of the welding

fitting, or s in. (4.8 mm), whichever is least.

6.5.2.4.2*% Circumferential butt joints shall be cut, beveled, and fit so that full penetration is
achievable. Full penetration welding shall not be required.

6.5.2.4.3 Where slip-on flanges are welded to pipe with a single fillet weld, the weld shall be
on the hub side of the flange and the minimum throat weld thickness shall not be less than
1.25 times the pipe wall thickness or the hub thickness, whichever is less.

6.5.2.4.4 Face welds on the internal face of the flange shall be permitted as a water seal in
addition to the hub weld required in 6.5.2.4.3.

6.5.2.4.5 Tabs for longitudinal earthquake bracing shall have minimum throat weld thickness
not less than 1.25 times the pipe wall thickness and welded on both sides of the longest
dimension.

6.5.2.4.6 When welding is performed, the following shall apply:

(D) Holes in piping for outlets shall be cut to the full inside diameter of fittings prior to
welding in place of the fittings.

(2) Discs shall be retrieved.

3) Openings cut into piping shall be smooth bore, and all internal slag and welding
residue shall be removed.

4) Fittings shall not penetrate the internal diameter of the piping.

(5) Steel plates shall not be welded to the ends of piping or fittings.
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(6) Fittings shall not be modified.

(7) Nuts, clips, eye rods, angle brackets, or other fasteners shall not be welded to pipe or
fittings, except as permitted in 6.5.2.2.3 and 6.5.2.4.5.

(8)  Completed welds shall be free from cracks, incomplete fusion, surface porosity
greater than s in. (1.6 mm) diameter, and undercut deeper than 25 percent of the

wall thickness or %2 in. (0.8 mm), whichever is less.

9) Completed circumferential butt weld reinforcement shall not exceed %2in. (2.4 mm).
6.5.2.5 Qualifications.

6.5.2.5.1 A welding procedure shall be prepared and qualified by the contractor or
fabricator before any welding is done.

6.5.2.5.2 Qualification of the welding procedure to be used and the performance of all
welders and welding operators shall be required and shall meet or exceed the requirements of
AWS B2.1, Specification for Welding Procedure and Performance Qualification, ASME
Boiler and Pressure Vessel Code, Section 1X, Welding and Brazing Qualifications, or other
applicable qualification standard as required by the authority having jurisdiction, except as
permitted by 6.5.2.5.3.

6.5.2.5.3 Successful procedure qualification of complete joint penetration groove welds
shall qualify partial joint penetration (groove/fillet) welds and fillet welds in accordance with
the provisions of this standard.

6.5.2.5.4 Welding procedures qualified under standards recognized by previous editions of
this standard shall be permitted to be continued in use.

6.5.2.5.5 Contractors or fabricators shall be responsible for all welding they produce.

6.5.2.5.6 Each contractor or fabricator shall have available to the authority having
jurisdiction an established written quality assurance procedure ensuring compliance with the
requirements of 6.5.2.4.

6.5.2.6 Records.

6.5.2.6.1 Welders or welding machine operators shall, upon completion of each welded
pipe, place their identifiable mark or label onto each piece adjacent to a weld.

6.5.2.6.2 Contractors or fabricators shall maintain certified records, which shall be available
to the authority having jurisdiction, of the procedures used and the welders or welding
machine operators employed by them, along with their welding identification.

6.5.2.6.3 Records shall show the date and the results of procedure and performance
qualifications.

6.5.3 Groove Joining Methods.

6.5.3.1 Pipe joined with grooved fittings shall be joined by a listed combination of fittings,
gaskets, and grooves.
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6.5.3.2 Grooves cut or rolled on pipe shall be dimensionally compatible with the fittings.

6.5.3.3 Grooved fittings, including gaskets used on dry-pipe, preaction, and deluge systems,
shall be listed for dry pipe service.

6.5.4* Brazed and Soldered Joints.

6.5.4.1 Solder joints, where permitted, shall be fabricated in accordance with the methods
and procedures listed in ASTM B 828, Standard Practice for Making Capillary Joints by
Soldering of Copper and Copper Alloy Tube and Fittings.

6.5.4.2 Unless the requirements of 6.5.4.3 or 6.5.4.4 are met, joints for the connection of
copper tube shall be brazed.

6.5.4.3 Solder joints shall be permitted for exposed wet pipe systems in light hazard
occupancies where the temperature classification of the installed sprinklers is of the ordinary-
or intermediate-temperature classification.

6.5.4.4 Solder joints shall be permitted for wet pipe systems in light hazard and ordinary
hazard (Group 1) occupancies where the piping is concealed, irrespective of sprinkler
temperature ratings.

6.5.4.5* Soldering fluxes shall be in accordance with Table 6.3.1.1.
6.5.4.6 Brazing fluxes, if used, shall not be of a highly corrosive type.
6.5.5 Other Joining Methods.

6.5.5.1 Other joining methods investigated for suitability in automatic sprinkler installations
and listed for this service shall be permitted where installed in accordance with their listing
limitations, including installation instructions.

6.5.5.2 Outlet Fittings. Rubber-gasketed outlet fittings that are used on sprinkler systems
shall meet the following requirements:

(D) Be installed in accordance with the listing and manufacturer's installation instructions
(2) Have all disks retrieved

3) Have smooth bores cut into the pipe, with all cutting residue removed

4) Not be modified

6.5.6 End Treatment.

6.5.6.1 After cutting, pipe ends shall have burrs and fins removed.

6.5.6.2 Pipe used with listed fittings and its end treatment shall be in accordance with the
fitting manufacturer's installation instructions and the fitting's listing.

6.6* Hangers.

Hangers shall be in accordance with the requirements of Section 9.1.

6.7 Valves.
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6.7.1 General.

6.7.1.1 Valve Pressure Requirements. When water pressures exceed 175 psi (12.1 bar),
valves shall be used in accordance with their pressure ratings.

6.7.1.2 Valve Closure Time. Listed indicating valves shall not close in less than 5 seconds
when operated at maximum possible speed from the fully open position.

6.7.1.3 Listed Indicating Valves. Unless the requirements of 6.7.1.3.1, 6.7.1.3.2, or
6.7.1.3.3 are met, all valves controlling connections to water supplies and to supply pipes to
sprinklers shall be listed indicating valves.

6.7.1.3.1 A listed underground gate valve equipped with a listed indicator post shall be
permitted.

6.7.1.3.2 A listed water control valve assembly with a reliable position indication connected
to a remote supervisory station shall be permitted.

6.7.1.3.3 A nonindicating valve, such as an underground gate valve with approved roadway
box, complete with T-wrench, and where accepted by the authority having jurisdiction, shall
be permitted.

6.7.2 Wafer-Type Valves. Wafer-type valves with components that extend beyond the valve
body shall be installed in a manner that does not interfere with the operation of any system
components.

6.7.3 Drain Valves and Test Valves. Drain valves and test valves shall be approved.
6.7.4* Identification of Valves.

6.7.4.1 All control, drain, and test connection valves shall be provided with permanently
marked weatherproof metal or rigid plastic identification signs.

6.7.4.2 The identification sign shall be secured with corrosion-resistant wire, chain, or other
approved means.

6.7.4.3 The control valve sign shall identify the portion of the building served.

6.7.4.3.1*% Systems that have more than one control valve that must be closed to work on a
system or space shall have a sign referring to existence and location of other valves.

6.8 Fire Department Connections.

6.8.1*% Unless the requirements of 6.8.1.1, 6.8.1.2, or 6.8.1.3 are met, the fire department
connection(s) shall consist of two 2% in. (65 mm) connections using NH internal threaded
swivel fitting(s) with “2.5-7.5 NH standard thread,” as specified in NFPA 1963, Standard for
Fire Hose Connections.

6.8.1.1 Where local fire department connections do not conform to NFPA 1963, Standard
for Fire Hose Connections, the authority having jurisdiction shall be permitted to designate
the connection to be used.

6.8.1.2 The use of threadless couplings shall be permitted where required by the authority
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having jurisdiction and where listed for such use.

6.8.1.3 A single-outlet fire department connection shall be acceptable where piped to a 3 in.
(80 mm) or smaller riser.

6.8.2 Fire department connections shall be equipped with approved plugs or caps, properly
secured and arranged for easy removal by fire departments.

6.8.3 Fire department connections shall be of an approved type.

6.9 Waterflow Alarm Devices.

6.9.1 General. Waterflow alarm devices shall be listed for the service and so constructed and
installed that any flow of water from a sprinkler system equal to or greater than that from a
single automatic sprinkler of the smallest orifice size installed on the system will result in an
audible alarm on the premises within 5 minutes after such flow begins and until such flow
stops.

6.9.2 Waterflow Detecting Devices.

6.9.2.1 Wet Pipe Systems. The alarm apparatus for a wet pipe system shall consist of a
listed alarm check valve or other listed waterflow-detecting alarm device with the necessary
attachments required to give an alarm.

6.9.2.2 Dry Pipe Systems.

6.9.2.2.1 The alarm apparatus for a dry pipe system shall consist of listed alarm attachments
to the dry pipe valve.

6.9.2.2.2 Where a dry pipe valve is located on the system side of an alarm valve, connection
of the actuating device of the alarms for the dry pipe valve to the alarms on the wet pipe
system shall be permitted.

6.9.2.3 Preaction and Deluge Systems. The alarm apparatus for deluge and preaction
systems shall consist of alarms actuated independently by the detection system and the flow
of water.

6.9.2.3.1 Deluge and preaction systems activated by pilot sprinklers shall not require an
independent detection system alarm.

6.9.2.4* Paddle-Type Waterflow Devices. Paddle-type waterflow alarm indicators shall be
installed in wet systems only.

6.9.3 Attachments — General.

6.9.3.1* An alarm unit shall include a listed mechanical alarm, horn, or siren or a listed
electric gong, bell, speaker, horn, or siren.

6.9.3.2*% Outdoor water motor-operated or electrically operated bells shall be
weatherproofed and guarded.

6.9.3.3 All piping to water motor-operated devices shall be galvanized or brass or other
corrosion-resistant material acceptable under this standard and of a size not less than % in.
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(20 mm).

6.9.3.4 Piping between the sprinkler system and a pressure-actuated alarm-initiating device
shall be galvanized or of nonferrous metal or other approved corrosion-resistant material of
not less than % in. (10 mm) nominal pipe size.

6.9.4* Attachments — Electrically Operated.

6.9.4.1 Electrically operated alarm attachments forming part of an auxiliary, central station,
local protective, proprietary, or remote station signaling system shall be installed in
accordance with NFPA 72, National Fire Alarm Code.

6.9.4.2 Sprinkler waterflow alarm systems that are not part of a required protective
signaling system shall not be required to be supervised and shall be installed in accordance
with NFPA 70, National Electrical Code, Article 760.

6.9.4.3 Outdoor electric alarm devices shall be listed for outdoor use.

6.9.5 Alarm Device Drains. Drains from alarm devices shall be so arranged that there will
be no overflowing at the alarm apparatus, at domestic connections, or elsewhere with the
sprinkler drains wide open and under system pressure. (See 8.16.2.6.)

Chapter 7 System Requirements

7.1 Wet Pipe Systems.
7.1.1 Pressure Gauges.
7.1.1.1 A listed pressure gauge conforming to 8.17.3 shall be installed in each system riser.

7.1.1.2 Pressure gauges shall be installed above and below each alarm check valve or system
riser check valve where such devices are present.

7.1.2 Relief Valves.

7.1.2.1 Unless the requirements of 7.1.2.2 are met, a gridded wet pipe system shall be
provided with a relief valve not less than %4 in. (6 mm) in size and set to operate at 175 psi
(12.1 bar) or 10 psi (0.7 bar) in excess of the maximum system pressure, whichever is
greater.

7.1.2.2 Where auxiliary air reservoirs are installed to absorb pressure increases, a relief valve
shall not be required.

7.1.3 Auxiliary Systems. A wet pipe system shall be permitted to supply an auxiliary dry
pipe, preaction, or deluge system, provided the water supply is adequate.
7.2*% Dry Pipe Systems.

7.2.1 Pressure Gauges. Listed pressure gauges conforming with 8.17.3 shall be connected
as follows:

(1) On the water side and air side of the dry pipe valve
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(2) At the air pump supplying the air receiver where one is provided
3) At the air receiver where one is provided

(4) In each independent pipe from air supply to dry pipe system

(5 At exhausters and accelerators

7.2.2 Sprinklers. The following types of sprinklers and arrangements shall be permitted for
dry pipe systems:

(1)  Upright sprinklers
(2)*  Listed dry sprinklers

3) Pendent sprinklers and sidewall sprinklers installed on return bends, where the
sprinklers, return bend, and branch line piping are in an area maintained at or above
40°F (4°C)

4) Horizontal sidewall sprinklers, installed so that water is not trapped

&) Pendent sprinklers and sidewall sprinklers, where the sprinklers and branch line
piping are in an area maintained at or above 40°F (4°C), the water supply is potable,
and the piping for the dry pipe system is copper or CPVC specifically listed for dry
pipe applications

7.2.3* Size of Systems.

7.2.3.1*% The system capacity (volume) controlled by a dry pipe valve shall be determined by

7.2.3.2,7.2.3.3,7.2.3.4,7.2.3.5, or 7.2.3.7. Dry-pipe systems protecting dwelling unit

portions of any occupancy shall not be permitted to use the options outlined in 7.2.3.3 or
72.3.4.

The text of 7.2.3.1 has been revised by a tentative interim amendment (TIA). See page 1.

7.2.3.2 System size shall be such that initial water is discharged from the system test
connection in not more than 60 seconds, starting at the normal air pressure on the system
and at the time of fully opened inspection test connection.

7.2.3.3 A system size of not more than 500 gal (1893 L) shall be permitted without a quick
opening device and shall not be required to meet any specific water delivery requirement to
the inspection test connection.

7.2.3.4 A system size of not more than 750 gal (2839 L) shall be permitted with a quick
opening device and shall not be required to meet any specific water delivery requirement to
the inspection test connection.

7.2.3.5 System size shall be based on dry systems being calculated for water delivery in
accordance with 7.2.3.6.

7.2.3.6 Dry System Water Delivery.

7.2.3.6.1 Calculations for dry system water delivery shall be based on the hazard shown in
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7.2.3.5 System size shall be based on dry systems being calculated for water delivery in
accordance with 7.2.3.6.

7.2.3.6 Dry System Water Delivery.

7.2.3.6.1 Calculations for dry system water delivery shall be based on the hazard shown in
Table 7.2.3.6.1.

Table 7.2.3.6.1 Dry System Water Delivery

Number of Most
Remote Sprinklers Maximum Time of
Hazard Initially Open Water Delivery
Residential 1 15 seconds
Light 1 60 seconds
Ordinary I 2 50 seconds
Ordinary II 2 50 seconds
Extra I 4 45 seconds
Extra II 4 45 seconds
High piled 4 40 seconds
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7.2.3.6.2 The calculation program and method shall be listed by a nationally recognized
testing laboratory.

7.2.3.7*% System size shall be such that initial water discharge at system test valve or
manifold outlet is not more than those in Table 7.2.3.6.1, starting at normal air pressure on
the system and at the time of fully opened test connection. When flow is from four
sprinklers, the test manifold shall be arranged to simulate two sprinklers on each of two
sprinkler branch lines. A system meeting the requirements of this section shall not be
required to also meet the requirements of 7.2.3.2 or 7.2.3.5.

7.2.3.8 Dry pipe systems with water delivery times other than 7.2.3.2, 7.2.3.5, and 7.2.3.7
shall be acceptable where listed by a nationally recognized testing laboratory.

7.2.3.9 Check valves shall not be used to subdivide the dry pipe systems.
7.2.3.10 Gridded dry pipe systems shall not be installed.
7.2.4 Quick-Opening Devices.

7.2.4.1 A listed quick-opening device shall be permitted to help meet the requirements of
7.2.3.2,7.2.3.5,7.2.3.7,0r 7.2.3.8..

7.2.4.2 The quick-opening device shall be located as close as practical to the dry pipe valve.

7.2.4.3 To protect the restriction orifice and other operating parts of the quick-opening
device against submergence, the connection to the riser shall be above the point at which
water (priming water and back drainage) is expected when the dry pipe valve and
quick-opening device are set, except where design features of the particular quick-opening
device make these requirements unnecessary.

7.2.4.4 An indicating valve shall be installed in the connection between a dry pipe sprinkler
riser and a quick-opening device. The valve shall be supervised in accordance with
8.16.1.1.2.

7.2.4.5 A check valve shall be installed between the quick-opening device and the
intermediate chamber of the dry pipe valve, where the quick-opening device requires
protection against submergence after system operation.

7.2.4.6 If the quick-opening device requires pressure feedback from the intermediate
chamber, a valve type that will clearly indicate whether it is opened or closed shall be
permitted in place of that check valve.

7.2.4.7 Where a valve is utilized in accordance with 7.2.4.6, the valve shall be constructed
so that it can be locked or sealed in the open position.

7.2.4.8 Antiflooding Device.

7.2.4.8.1 Unless the requirements of 7.2.4.8.2 are met, a listed antiflooding device shall be
installed in the connection between the dry pipe sprinkler riser and the quick-opening device.

7.2.4.8.2 A listed antiflooding device shall not be required where the quick-opening device
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has built-in antiflooding design features.
7.2.5* Location and Protection of Dry Pipe Valve.

7.2.5.1* General. The dry pipe valve and supply pipe shall be protected against freezing and
mechanical injury.

7.2.5.2 Valve Rooms.
7.2.5.2.1 Valve rooms shall be lighted and heated.
7.2.5.2.2 The source of heat shall be of a permanently installed type.

7.2.5.2.3 Heat tape shall not be used in lieu of heated valve enclosures to protect the dry
pipe valve and supply pipe against freezing.

7.2.5.3 Supply. The supply for the sprinkler in the dry pipe valve enclosure shall be from the
dry side of the system.

7.2.5.4 High Water Level Protection.

7.2.5.4.1 Protection against occurrence of water above the clapper shall be permitted where
it is possible to reseat the dry valve after actuation without first draining the system.
Protection shall be in accordance with 7.2.5.4.3.

7.2.5.4.2 Low Differential Dry Pipe Valve. Protection against accumulation of water above
the clapper shall be provided for low differential dry pipe valves in accordance with
7.2.5.4.3.

7.2.5.4.3 High Water Level Device. An automatic high water level signaling device or an
automatic drain shall be permitted.

7.2.6 Air Pressure and Supply.

7.2.6.1 Maintenance of Air Pressure. Air or nitrogen pressure shall be maintained on dry
pipe systems throughout the year.

7.2.6.2* Air Supply.
7.2.6.2.1 The compressed air supply shall be from a source available at all times.

7.2.6.2.2* The air supply shall have a capacity capable of restoring normal air pressure in
the system within 30 minutes.

7.2.6.2.3 The requirements of 7.2.6.2.2 shall not apply in refrigerated spaces maintained
below 5°F (—15°C), where normal system air pressure shall be permitted to be restored
within 60 minutes.

7.2.6.3 Air Supply Connections.

7.2.6.3.1 Connection pipe from the air supply to the dry pipe valve shall not be less than 2
in. (15 mm) in diameter and shall enter the system above the priming water level of the dry
pipe valve.

7.2.6.3.2 A check valve shall be installed in the air filling connection, and a listed or

Copyright NFPA



approved shutoff valve of either the renewable disc or ball valve type shall be installed on the
supply side of this check valve and shall remain closed unless filling the system.

7.2.6.4 Relief Valve. An approved relief valve shall be provided between the air supply and
the shutoff valve and shall be set to relieve pressure no less than 10 psi (0.7 bar) in excess of
system air pressure provided in 7.2.6.6.1 and shall not exceed the manufacturer's limitations.

7.2.6.5 Automatic Air Maintenance.

7.2.6.5.1 Unless the requirements of 7.2.6.5.2 are met, where the air supply to a dry pipe
system is maintained automatically, the air supply shall be from a dependable plant system or
an air compressor with an air receiver, and shall utilize an air maintenance device specifically
listed for such service and capable of controlling the required air pressure on, and maximum
airflow to, the dry system.

7.2.6.5.2 Where the air compressor supplying the dry pipe system has a capacity less than
5.5 ft3/min (156 L/min) at 10 psig (0.7 bar), no air receiver or air maintenance device shall be
required.

7.2.6.5.3 The automatic air supply to more than one dry pipe system shall be connected to
enable individual maintenance of air pressure in each system.

7.2.6.5.4 A check valve or other positive backflow prevention device shall be installed in the
air supply to each system to prevent airflow or waterflow from one system to another.

7.2.6.6 System Air Pressure.

7.2.6.6.1 The system air pressure shall be maintained in accordance with the instruction
sheet furnished with the dry pipe valve, or shall be 20 psi (1.4 bar) in excess of the calculated
trip pressure of the dry pipe valve, based on the highest normal water pressure of the system
supply.

7.2.6.6.2 The permitted rate of air leakage shall be as specified in 24.2.2.

7.2.6.7 Nitrogen. Where used, nitrogen shall be introduced through a pressure regulator and
shall be in accordance with 7.2.6.5.

7.3 Preaction Systems and Deluge Systems.
7.3.1* General.
‘7.3.1.1* All components of pneumatic, hydraulic, or electrical systems shall be compatible.

7.3.1.2 The automatic water control valve shall be provided with hydraulic, pneumatic, or
mechanical manual means for operation that is independent of detection devices and of the
sprinklers.

7.3.1.3 Pressure Gauges. Listed pressure gauges conforming with 8.17.3 shall be installed
as follows:

(1)  Above and below preaction valve and below deluge valve

(2)  On air supply to preaction and deluge valves
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7.3.1.4 A supply of spare fusible elements for heat-responsive devices, not less than two of
each temperature rating, shall be maintained on the premises for replacement purposes.

7.3.1.5 Hydraulic release systems shall be designed and installed in accordance with
manufacturer's requirements and listing for height limitations above deluge valves or deluge
valve actuators to prevent water column.

7.3.1.6 Location and Spacing of Releasing Devices.

7.3.1.6.1 Spacing of releasing devices, including automatic sprinklers used as releasing
devices, shall be in accordance with their listing and manufacturer's specifications.

7.3.1.6.2 The release system shall serve all areas that the preaction system protects.

7.3.1.6.3 Where thermal activation is utilized, the activation temperature of the release
system shall be lower than the activation temperature of the sprinkler.

7.3.1.7 Devices for Test Purposes and Testing Apparatus.

7.3.1.7.1 Where detection devices installed in circuits are located where not readily
accessible for testing, an additional detection device shall be provided on each circuit for test
purposes at an accessible location and shall be connected to the circuit at a point that will
ensure a proper test of the circuit.

7.3.1.7.2 Testing apparatus capable of producing the heat or impulse necessary to operate
any normal detection device shall be furnished to the owner of the property with each
installation.

7.3.1.7.3 Where explosive vapors or materials are present, hot water, steam, or other
methods of testing not involving an ignition source shall be used.

7.3.1.8 Location and Protection of System Water Control Valves.

7.3.1.8.1 System water control valves and supply pipes shall be protected against freezing
and mechanical injury.

7.3.1.8.2 Valve Rooms.
7.3.1.8.2.1 Valve rooms shall be lighted and heated.
7.3.1.8.2.2 The source of heat shall be of a permanently installed type.

7.3.1.8.2.3 Heat tape shall not be used in lieu of heated valve enclosure rooms to protect
preaction and deluge valves and supply pipe against freezing.

7.3.2 Preaction Systems.
7.3.2.1 Preaction systems shall be one of the following types:

(D) A single interlock system, which admits water to sprinkler piping upon operation of
detection devices

(2) A non-interlock system, which admits water to sprinkler piping upon operation of
detection devices or automatic sprinklers
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(3) A double interlock system, which admits water to sprinkler piping upon operation of
both detection devices and automatic sprinklers

7.3.2.2 Size of Systems — Single and Non-Interlock Preaction Systems. Not more than
1000 automatic sprinklers shall be controlled by any one preaction valve.

7.3.2.3 Size of Systems — Double Interlock Preaction Systems.

7.3.2.3.1 The system size controlled by a double interlock preaction valve shall be
determined by either 7.3.2.3.1.1, 7.3.2.3.1.2, or 7.3.2.3.1.3.

7.3.2.3.1.1 The system size for double interlock preaction systems shall be designed to
deliver water to the system test connection in no more than 60 seconds, starting at the
normal air pressure on the system, with the detection system activated and the inspection test
connection fully opened simultaneously.

7.3.2.3.1.2 The system size for double interlock preaction systems shall be based on
calculating water delivery in accordance with 7.2.3.6, anticipating that the detection system
activation and sprinkler operation will be simultaneous.

7.3.2.3.1.3 The system size for double interlock preaction systems shall be designed to
deliver water to the system test connection in no more than 60 seconds, starting at the
normal air pressure on the system, with the detection system activated and the inspection test
connection manifold, arranged to comply with Table 7.2.3.6.1, opened simultaneously.

7.3.2.3.2 A listed quick-opening device shall be permitted to be used to help meet the
requirements of 7.3.2.3.1.1, 7.3.2.3.1.2, and 7.3.2.3.1.3.

7.3.2.4* Supervision.

7.3.2.4.1 Sprinkler piping and fire detection devices shall be automatically supervised where
there are more than 20 sprinklers on the system.

7.3.2.4.2 Except as permitted by 7.3.2.4.3, air or nitrogen supervising pressure for preaction
systems shall be installed in conformance with the dry pipe system air pressure and supply
rules of 7.2.6.

7.3.2.4.3 The relief valves required by 7.2.6 shall be permitted to be omitted for the type of
preaction system described in 7.3.2.1(1) when the air pressure is supplied from a source that
is not capable of developing pressures in excess of 15 psi (1.0 bar).

7.3.2.4.4 All preaction system types described in 7.3.2.1(2) and 7.3.2.1(3) shall maintain a
minimum supervising air or nitrogen pressure of 7 psi (0.5 bar).

7.3.2.5 Sprinklers. The following types of sprinklers and arrangements shall be permitted
for preaction systems:

(1)  Upright sprinklers
(2)*  Listed dry sprinklers

3) Pendent sprinklers and sidewall sprinklers installed on return bends, where the
sprinklers, return bend, and branch line piping are in an area maintained at or above
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40°F (4°C)
4) Horizontal sidewall sprinklers, installed so that water is not trapped

&) Pendent sprinklers and sidewall sprinklers, where the sprinklers and branch line
piping are in an area maintained at or above 40°F (4°C), the water supply is potable,
and the piping for the pre-action system is copper or CPVC specifically listed for dry
pipe applications

7.3.2.6 System Configuration. Preaction systems of the type described in 7.3.2.1(3) and all
preaction systems protecting storage occupancies, excluding miscellaneous storage, shall not
be gridded.

7.3.3* Deluge Systems.
7.3.3.1 The detection devices or systems shall be automatically supervised.

7.3.3.2 Deluge systems shall be hydraulically calculated.

7.4 Combined Dry Pipe and Preaction Systems for Piers, Terminals, and Wharves.

7.4.1 In addition to the requirements of Section 7.4, design and installation requirements for
piers, terminals, and wharves shall be in accordance with Section 21.25.

7.4.2*% General.

7.4.2.1* Combined automatic dry pipe and preaction systems shall be so constructed that
failure of the detection system shall not prevent the system from functioning as a
conventional automatic dry pipe system.

7.4.2.2 Combined automatic dry pipe and preaction systems shall be so constructed that
failure of the dry pipe system of automatic sprinklers shall not prevent the detection system
from properly functioning as an automatic fire alarm system.

7.4.2.3 Provisions shall be made for the manual operation of the detection system at
locations requiring not more than 200 ft (61 m) of travel.

7.4.2.4 Sprinklers. The following types of sprinklers and arrangements shall be permitted
for combined dry pipe and preaction systems:

(1)  Upright sprinklers
(2)*  Listed dry sprinklers

3) Pendent sprinklers and sidewall sprinklers installed on return bends, where both the
sprinklers and the return bends are located in a heated area

4) Horizontal sidewall sprinklers, installed so that water is not trapped
7.4.3 Dry Pipe Valves in Combined Systems.

7.4.3.1 Where the system consists of more than 600 sprinklers or has more than 275
sprinklers in any fire area, the entire system shall be controlled through two 6 in. (150 mm)
dry pipe valves connected in parallel and shall feed into a common feed main.
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7.4.3.2 Where parallel dry pipe valves are required by 7.4.3.1, these valves shall be checked
against each other. (See Figure 7.4.3.2.)
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FIGURE 7.4.3.2 Header for Dry Pipe Valves Installed in Parallel for Combined
Systems; Standard Trimmings Not Shown. Arrows Indicate Direction of Fluid Flow.

7.4.3.3 Each dry pipe valve shall be provided with a listed tripping device actuated by the
detection system.

7.4.3.4 Dry pipe valves shall be cross-connected through a 1 in. (25 mm) pipe connection to
permit simultaneous tripping of both dry pipe valves.

7.4.3.5 The 1 in. (25 mm) cross-connection pipe shall be equipped with an indicating valve
so that either dry pipe valve can be shut off and worked on while the other remains in
service.

7.4.3.6 The check valves between the dry pipe valves and the common feed main shall be
equipped with %2 in. (15 mm) bypasses so that a loss of air from leakage in the trimmings of a
dry pipe valve will not cause the valve to trip until the pressure in the feed main is reduced to
the tripping point.

7.4.3.7 An indicating valve shall be installed in each of these bypasses so that either dry pipe
valve can be completely isolated from the main riser or feed main and from the other dry pipe
valve.

7.4.3.8 Each combined dry pipe and preaction system shall be provided with listed
quick-opening devices at the dry pipe valves.

7.4.4* Exhausters.

7.4.4.1 One or more listed exhausters of 2 in. (50 mm) or larger size controlled by operation
of a fire detection system shall be installed at the end of the common feed main.

7.4.4.2 These air exhaust valves shall have soft-seated globe or angle valves in their intakes.

7.4.4.3 Approved strainers shall be installed between the globe valves and the air exhaust
valves.

7.4.5 Subdivision of System Using Check Valves.

7.4.5.1 Where more than 275 sprinklers are required in a single fire area, the system shall be
divided into sections of 275 sprinklers or fewer by means of check valves.

7.4.5.2 Where the system is installed in more than one fire area or story, not more than 600
sprinklers shall be supplied through any one check valve.

7.4.5.3 Each section shall have a 1%4 in. (32 mm) drain on the system side of each check
valve supplemented by a dry pipe system auxiliary drain.

7.4.5.4 Section drain lines and dry pipe system auxiliary drains shall be located in heated
areas or inside heated cabinets to enclose drain valves and auxiliary drains for each section.

7.4.5.5 Air exhaust valves at the end of a feed main and associated check valves shall be
protected against freezing.

7.4.6 Time Limitation.
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7.4.6.1 The sprinkler system shall be so constructed and the number of sprinklers controlled
shall be so limited that water shall reach the farthest sprinkler within a period of time not
exceeding 1 minute for each 400 ft (122 m) of common feed main from the time the
heat-responsive system operates.

7.4.6.2 The maximum time permitted shall not exceed 3 minutes.

7.4.7 System Test Connection. The end section shall have a system test connection as
required for dry pipe systems.

7.5 Multi-Cycle Systems.

7.5.1 All multi-cycle systems shall be specifically tested and listed as systems.

7.5.2 All multi-cycle systems shall be installed in compliance with the manufacturer’s
installation instructions.

7.6 Antifreeze Systems.

7.6.1* General.

7.6.1.1 The use of antifreeze solutions shall be in conformity with state and local health
regulations.

7.6.1.2 Antifreeze shall not be used in ESFR systems unless at least one of the following
two conditions is met:

(D) For antifreeze solutions not referenced in this standard, the antifreeze solution shall
be specifically listed for ESFR applications.

(2) For antifreeze solutions referenced in this standard, the ESFR sprinkler shall be
specifically listed for use with the antifreeze solution.

7.6.1.3 Where pendent sprinklers are utilized, the water shall be drained from the entire
system after hydrostatic testing with water.

7.6.1.3.1 The requirements of 7.6.1.3 shall not apply where the system is hydrostatically
tested with properly mixed antifreeze solution.

7.6.1.4 Where antifreeze systems are remote from the system riser, a placard shall be
mounted on the system riser that indicates the number and location of all remote antifreeze
systems supplied by that riser.

7.6.1.5 A placard shall be placed on the antifreeze system main valve that indicates the
manufacture type and brand of the antifreeze solution, the concentration of the antifreeze
solution used, and the volume of the antifreeze solution used in the system.

7.6.2* Antifreeze Solutions.

7.6.2.1 Where sprinkler systems are supplied by potable water connections, the use of
antifreeze solutions other than water solutions of pure glycerine (C.P. or U.S.P. 96.5 percent
grade) or propylene glycol shall not be permitted.
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7.6.2.2 Glycerine-water and propylene glycol-water mixtures shown in Table 7.6.2.2 shall
be considered suitable for use.

Table 7.6.2.2 Antifreeze Solutions to Be Used If Potable Water Is
Connected to Sprinklers

Freezing
Point
Specific
Solution Gravity at
Material (by volume) 60°F (15.6°C) °F °C

Glycerine 50% water 1.145 -20.9 -29.4
C.P. or U.S.P. grade* 40% water 1.171 -47.3 -44.1

30% water 1.197 -22.2 -30.1
Hydrometer scale 1.000 to 1.200
Propylene glycol 60% water 1.034 -6 -21.1

50% water 1.041 -26 -32.2

40% water 1.045 -60 -51.1

Hydrometer scale 1.000 to 1.200 (subdivisions 0.002)

*C.P. — chemically pure; U.S.P. — United States Pharmacopoeia 96.5%.

7.6.2.3 If potable water is not connected to sprinklers, the commercially available materials
indicated in Table 7.6.2.3 shall be permitted for use in antifreeze solutions.

Table 7.6.2.3 Antifreeze Solution to Be Used If Nonpotable Water Is
Connected to Sprinklers

Freezing
Point
Specific
Solution Gravity at
Material (by volume) 60°F (15.6°C) °F °C
Glycerine See Table 7.6.2.2.
Diethylene glycol 50% water 1.078 -13 -25.0
45% water 1.081 -27 -32.8
40% water 1.086 -42 -41.1
Hydrometer scale 1.000 to 1.120 (subdivisions 0.002)
Ethylene glycol 61% water 1.056 -10 -23.3
56% water 1.063 -20 -28.9
51% water 1.069 -30 -34.4
47% water 1.073 -40 -40.0
Hydrometer scale 1.000 to 1.120 (subdivisions 0.002)
Propylene glycol See Table 7.6.2.2.

7.6.2.4% An antifreeze solution shall be prepared with a freezing point below the expected
minimum temperature for the locality.
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7.6.2.5 The specific gravity of the prepared solution shall be checked by a hydrometer, in
accordance with Figure 7.6.2.5(a), Figure 7.6.2.5(b), and Figure 7.6.2.5(c), with suitable
scale or a refractometer having a scale calibrated for the antifreeze solution involved.
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FIGURE 7.6.2.5(a) Densities of Aqueous Ethylene Glycol Solutions (Percent by
Weight).
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FIGURE 7.6.2.5(b) Densities of Aqueous Propylene Glycol Solutions (Percent by
Weight).
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Data Sources:

1. Density data for 100 percent water was faken from Lange's Handbook of Chemistry, Revised Tenth Edition,
page 1189, Temperatures have been converled from Celsius to Fahrenheit units, and data points at 10
degree Fahrenheit multiples have been determined by linear interpolation. Conversion from ralative to
absolute density was achieved by multiplying by 0.839873.

2, Densities of glycerine-water solutions at 0°C and above were taken from Table 1l {p. 6) in Giycerol by
Anthony Armin Newman, C.R.C. Press, 1968. Densilies for temperalures below 0°C were taken from
Table |V, Temperalures have been converted from Celsius to Fahrenheit units, and data points at 10
degres Fahrenheit multiples have been determined by linear interpolation.

3. Density data for pure glycernne was laken from Table Il (p. 8) in Glycerol by Anthony Armin Mewman,
C.R.C. Press, 1968, and derived from the thermal expansion data in Table 7-3 in Gycaerol by Carl 5.
Miner and M.N. Dalton, Reinhold Publishing Corp.. 1953 (American Chemical Society Monograph
Series #117) using the density for 0°C as a base point. Temperatures have bean converted from
Ceisius lo Fahrenheit units, and data points at 10 degree Fahrenheit muliples have been determined
by linear inferpalation.

4. Freazing points ware taken from the article, “Freezing Points of Glyceral and s Aqueous Solution” by
Leonard B, Lane in Industnal and Engineering Chemistry, volume 17 (1825), number 9, page 924,
Temperatures have been converied from Celsius to Fahrenheit units.

FIGURE 7.6.2.5(c) Densities of Aqueous Glycerine Solutions (Percent by Weight).

7.6.2.6 The concentration of antifreeze solutions shall be limited to the minimum necessary
for the anticipated minimum temperature.

7.6.3 Arrangement of Supply Piping and Valves.

7.6.3.1* Where the connection between the antifreeze system and the wet pipe system does
not incorporate a backflow prevention device, and the conditions of 7.6.3.4 are not met,
piping and valves shall be installed as illustrated in Figure 7.6.3.1.
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1. Check valve shall be permitted to be omitted where sprinklers are
below the level of valve A

2. The ¥ in. (0.8 mm) hale in the check valve clapper is needed o
allow for expansion of the salution during a temperature rise, thus
preventing damage o sprinklers,

FIGURE 7.6.3.1 Arrangement of Supply Piping and Valves.

7.6.3.2*% Where the connection between the antifreeze system and the wet pipe system
incorporates a backflow prevention device, and the conditions of 7.6.3.4 are not met, piping
and valves shall be installed as illustrated in Figure 7.6.3.2.

Fill cup or
filling connection

Backflow preventer
with contiol valves

Water : i i .
supply—‘l Fin é
— I
chamber Drain
valve
Heated araa Unheated area

FIGURE 7.6.3.2 Arrangement of Supply Piping with Backflow Device.

7.6.3.3 Where the connection between the antifreeze solution and the wet pipe system
incorporates a backflow prevention device, and the conditions of 7.6.3.4 are not met, a listed
expansion chamber of appropriate size and precharged air pressure shall be provided to
compensate for thermal expansion of the antifreeze solution as illustrated in Figure 7.6.3.2.

7.6.3.4 The requirements of paragraphs 7.6.3.1, 7.6.3.2, and 7.6.3.3 shall not apply where
the following three conditions are met:
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(1) The antifreeze system is provided with an automatic pressure pump or other device
or apparatus to automatically maintain a higher pressure on the system side than on
the supply side of the water supply check valve separating the antifreeze system from
the water supply.

(2) Provision is made to automatically release solution to prevent overpressurization due
to thermal expansion of the solution.

(3)  Provision is made to automatically supply premixed solution as needed to restore
system pressure due to thermal contraction.

7.6.3.5* Systems larger than 40 gal (151 L) shall have a drain/test connection installed at the
most remote portion of the system.

7.7 Automatic Sprinkler Systems with Non—Fire Protection Connections.
7.7.1 Circulating Closed-Loop Systems.
7.7.1.1 System Components.

7.7.1.1.1 A circulating closed-loop system is primarily a sprinkler system and shall comply
with all provisions of this standard such as those for control valves, area limitations of a
system, alarms, fire department connections, sprinkler spacing, and so forth, except as
modified by Section 7.7.

7.7.1.1.2 Piping, fittings, valves, and pipe hangers shall meet the requirements specified in
Chapter 6.

7.7.1.1.3 Unless the requirements of 7.7.1.1.4 are met, a dielectric fitting shall be installed in
the junction where dissimilar piping materials are joined (e.g., copper to steel).

7.7.1.1.4 Dielectric fittings shall not be required in the junction where sprinklers are
connected to piping.

7.7.1.1.5 Other auxiliary devices shall not be required to be listed for sprinkler service;
however, these devices, such as pumps, circulating pumps, heat exchangers, radiators, and
luminaires, shall be pressure rated at 175 psi or 300 psi (12.1 bar or 20.7 bar) (rupture
pressure of five times rated water system working pressure) to match the required rating of
sprinkler system components.

7.7.1.1.6 Auxiliary devices shall incorporate materials of construction and be so constructed
that they will maintain their physical integrity under fire conditions to avoid impairment to
the fire protection system.

7.7.1.1.7 Auxiliary devices, where hung from the building structure, shall be supported
independently from the sprinkler portion of the system, following recognized engineering
practices.

7.7.1.2% Hydraulic Characteristics. Piping systems for attached heating and cooling
equipment shall have auxiliary pumps or an arrangement made to return water to the piping
system in order to ensure the following:
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(1) Water for sprinklers shall not be required to pass through heating or cooling
equipment.

(2) At least one direct path shall exist for waterflow from the sprinkler water supply to
every sprinkler.

3) Pipe sizing in the direct path shall be in accordance with the design requirements of
this standard.

(4)  No portions of the sprinkler piping shall have less than the sprinkler system design
pressure, regardless of the mode of operation of the attached heating or cooling
equipment.

(5)  There shall be no loss or outflow of water from the system due to or resulting from
the operation of heating or cooling equipment.

(6) Shutoff valves and a means of drainage shall be provided on piping to heating or
cooling equipment at all points of connection to sprinkler piping and shall be installed
in such a manner as to make possible repair or removal of any auxiliary component
without impairing the serviceability and response to the sprinkler system.

(7)  All auxiliary components, including the strainer, shall be installed on the auxiliary
equipment side of the shutoff valves.

7.7.1.3 Water Temperature.
7.7.1.3.1 Maximum.

7.7.1.3.1.1 In no case shall maximum water temperature flowing through the sprinkler
portion of the system exceed 120°F (49°C).

7.7.1.3.1.2 Protective control devices listed for this purpose shall be installed to shut down
heating or cooling systems when the temperature of water flowing through the sprinkler
portion of the system exceeds 120°F (49°C).

7.7.1.3.1.3 Where the water temperature exceeds 100°F (37.8°C), intermediate or higher
temperature—rated sprinklers shall be used.

7.7.1.3.2 Minimum. Precautions shall be taken to ensure that temperatures below 40°F
(4°C) are not permitted.

7.7.1.4 Obstruction to Discharge. Automatic sprinklers shall not be obstructed by auxiliary
devices, piping, insulation, and so forth, from detecting fire or from proper distribution of
water.

7.7.1.5 Signs. Caution signs shall be attached to all valves controlling sprinklers. The caution
sign shall be worded as follows:

This valve controls fire protection equipment.
Do not close until after fire has been extinguished.
Use auxiliary valves when necessary
to shut off supply to auxiliary equipment.
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CAUTION: Automatic alarm will be sounded if this valve is closed.
7.7.1.6 Water Additives.

7.7.1.6.1 Materials added to water shall not adversely affect the fire-fighting properties of
the water and shall be in conformity with any state or local health regulations.

7.7.1.6.2 Due care and caution shall be given to the use of additives that can remove or
suspend scale from older piping systems.

7.7.1.6.3 Where additives are necessary for proper system operation, due care shall be taken
to ensure that additives are replenished after alarm testing or whenever water is removed
from the system.

7.7.1.7 Waterflow Detection.

7.7.1.7.1 The supply of water from sprinkler piping through auxiliary devices, circulatory
piping, and pumps shall not under any condition or operation, transient or static, cause false
sprinkler waterflow signals.

7.7.1.7.2 A sprinkler waterflow signal shall not be impaired when water is discharged
through an opened sprinkler or through the system test connection while auxiliary equipment
is in any mode of operation (on, off, transient, stable).

7.8 Outside Sprinklers for Protection Against Exposure Fires (Exposure Protection
Sprinkler Systems).

7.8.1 Applications.

7.8.1.1 Exposure protection sprinkler systems shall be permitted on buildings and structures
regardless of whether the building's interior is protected by a sprinkler system.

7.8.1.2 Exposure protection systems shall be installed to provide protection of windows and
other openings within masonry walls, complete protection of walls, or protection of roofs.

7.8.2 Water Supply and Control.

7.8.2.1 Unless the requirements of 7.8.2.2 are met, sprinklers installed for protection against
exposure fires shall be supplied from a standard water supply as outlined in Chapter 23.

7.8.2.2 Where approved, other supplies, such as manual valves or pumps or fire department
connections, shall be permitted to supply water to sprinklers for exposure protection.

7.8.2.3 Where fire department connections are used for water supply, they shall be so
located that they will not be affected by the exposing fire.

7.8.3 Control.
7.8.3.1 Each system of outside sprinklers shall have an independent control valve.

7.8.3.2 Manually controlled open sprinklers shall be used only where constant supervision is
present.

7.8.3.3 Sprinklers shall be of the open or automatic type. Automatic sprinklers in areas
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subject to freezing shall be on dry pipe systems conforming to Section 7.2 or antifreeze
systems conforming to Section 7.6.

7.8.3.4 Automatic systems of open sprinklers shall be controlled by the operation of fire
detection devices designed for the specific application.

7.8.4 System Components.

7.8.4.1 Drain Valves. Each system of outside sprinklers shall have a separate drain valve
installed on the system side of each control valve, except where an open sprinkler, top-fed
system is arranged to facilitate drainage.

7.8.4.2 Check Valves.

7.8.4.2.1 Where sprinklers are installed on two adjacent sides of a building, protecting
against two separate and distinct exposures, with separate control valves for each side, the
end lines shall be connected with check valves located so that one sprinkler around the
corner will operate [see Figure 7.8.4.2.1(a) and Figure 7.8.4.2.1(b)].
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FIGURE 7.8.4.2.1(a) Typical Arrangement of Check Valves.
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FIGURE 7.8.4.2.1(b) Alternate Arrangement of Check Valves.
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7.8.4.2.2 The intermediate pipe between the two check valves shall be arranged to drain.

7.8.4.2.3 As an alternate solution, an additional sprinkler shall be installed on each system
located around the corner from the system involved.

7.8.4.3 System Arrangement. Where one exposure affects two sides of the protected
structure, the system shall not be subdivided between the two sides but rather shall be
arranged to operate as a single system.

7.8.5 Pipe and Fittings. Pipe and fittings installed on the exterior of the building or
structure shall be corrosion resistant.

7.8.6 Strainers. A listed strainer shall be provided in the riser or feed main that supplies
sprinklers having nominal K-factors smaller than K-2.8 (40).

7.8.7 Gauge Connections. A listed pressure gauge conforming with 8.17.3 shall be installed
immediately below the control valve of each system.

7.8.8 Sprinklers.

7.8.8.1 A single line of sprinklers is permitted to protect a maximum of two stories of wall
area or two levels of vertically aligned windows where architectural features are sufficiently
flush to allow rundown.

7.8.8.2 Where window sills or similar features result in recesses or projections exceeding 1
in. (25.4 mm) in depth, separate sprinklers shall be provided for each window on each level,
regardless of whether protection is being provided for windows or complete walls.

7.8.8.3 For wall protection systems, sprinklers shall be located 6 in. to 12 in. (152 mm to
305 mm) from the wall surface and within 6 in. (152 mm) of the top of the wall, with
maximum spacing of 8 ft (2.44 m) or as indicated in the sprinkler listing for exposure
protection use.

7.8.8.4 For protection of window and similar openings, listed window sprinklers shall be
positioned within 2 in. (50.8 mm) of the top of the window sash in accordance with Table
7.8.8.4.

Table 7.8.8.4 Position of Window Sprinklers

Nominal K-factor

Nominal
Width of Distance
Window U.S. Metric from Window

Upto3 ft 2.8 40 7 in.
>3 to 4 ft 2.8 40 8 in.
>4 t0 5 ft 2.8 40 9 in.
5.6 80 12 in.
>51t0 7 ft 11.2 161 12 in.
Two 2.8 40 7 in.
>7109.5 ft 14.0 202 12 in.
Two 2.8 40 9 in.
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Table 7.8.8.4 Position of Window Sprinklers

Nominal K-factor

Nominal
Width of Distance
Window U.S. Metric from Window
>0.5t012 ft Two 5.6 80 12 in.

For SI units, 1 ft =0.3048 m.

7.8.8.5 Where exposure protection sprinkler systems are installed, listed cornice sprinklers
shall be used to protect combustible cornices exceeding 12 in. (305 mm) in depth. Cornice
sprinklers shall be installed in each bay formed by cornice features and shall be spaced up to
a maximum distance of 10 ft (3.05 m) apart, with deflectors 8 in. (203 mm) below the
underside of the roof sheathing.

7.8.8.6 Open spray sprinklers (upright, pendent, or sidewall) shall be permitted for
application in roof protection when installed in accordance with ordinary hazard Group 1
protection areas and discharge criteria, with deflectors aligned parallel to the slope and
positioned a minimum 18 in. (457 mm) above the roof surface. Upright sprinklers positioned
as ridge pole sprinklers shall be permitted with their deflectors horizontal and minimum 6 in.
(152 mm) above the ridge, with their maximum spacing and protection areas determined in
the plan view rather than along the slope.

7.9*% Refrigerated Spaces.

7.9.1 Spaces Maintained at Temperatures Above 32°F (0°C). Where temperatures are
maintained above 32°F (0°C) in refrigerated spaces, the requirements in this section shall not

apply.
7.9.2* Spaces Maintained at Temperatures Below 32°F (0°C).
7.9.2.1 General.

7.9.2.1.1 Where sprinkler pipe passes through a wall or floor into the refrigerated space, a
section of pipe arranged for removal shall be provided immediately inside the space.

7.9.2.1.2 The removable length of pipe required in 7.9.2.1.1 shall be a minimum of 30 in.
(762 mm).

7.9.2.2 Low Air Pressure Alarm.

7.9.2.2.1 Unless the requirements of 7.9.2.2.2 are met, a low air pressure alarm to a
constantly attended location shall be installed.

7.9.2.2.2 Systems equipped with local low pressure alarms and an automatic air maintenance
device shall not be required to alarm to a constantly attended location.

7.9.2.3 Piping Pitch. Piping in refrigerated spaces shall be installed with pitch as outlined in
8.16.2.3.
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7.9.2.4% Air or Nitrogen Supply. Air or nitrogen supply for systems shall be one of the
following:

(1)  Air from the room of lowest temperature to reduce the moisture content
(2)  Air compressor/dryer package listed for the application utilizing ambient air
3) Compressed nitrogen gas from cylinders used in lieu of compressed air

7.9.2.5% Control Valve. An indicating-type control valve for operational testing of the
system shall be provided on each sprinkler riser outside of the refrigerated space.

7.9.2.6* Check Valve.

7.9.2.6.1 Unless the requirements of 7.9.2.6.2 are met, a check valve with a %2in. (2.4 mm)
diameter hole in the clapper shall be installed in the system riser below the test valve required
in7.9.2.5.

7.9.2.6.2 Check valves shall not be required where dry pipe or preaction valves are used and
designed to completely drain all water above the seat and that are listed for installation
without priming water remaining and where priming water is not used in the system riser.

7.9.2.7* Air or Nitrogen Supply Piping.

7.9.2.7.1 The air or nitrogen supply piping entering the freezer area shall be as stated in
7.9.2.7.1.1 and 7.9.2.7.1.2.

7.9.2.7.1.1 Air Supply. The supply piping shall be equipped with two easily removable
supply lines at least 6 ft (1.9 m) long and at least 1 in. (25 mm) in diameter as shown in
Figure 7.9.2.7.1.1(a) or Figure 7.9.2.7.1.1(b).
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1. Check valve with %= in. (2.4 mm) hole in clapper not required if prime water not used,
2. Supply air to be connected to top or side of system pipe.

3. Each removable air line to be a minimum of 1in. (25 mm) diameter and a minimum
of 6 (1.8 m) long,

FIGURE 7.9.2.7.1.1(a) Refrigerator Area Sprinkler System Used to Minimize the
Chances of Developing Ice Plugs.
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1. Check valve with ¥ in. (2.4 mm) hole in clapper not required if prime
water nof used.

2. Each removable air line shall be installed a minimurm of 1 in. (25 mm)
in diameter and a minimum of & ft (1.8 m) long.

FIGURE 7.9.2.7.1.1(b) Preaction System Arrangement.

7.9.2.7.1.2 Nitrogen Supply. The supply piping shall be equipped with a single easily
removable supply line at least 6 ft (1.9 m) long and at least 1 in. (25 mm) in diameter.

7.9.2.7.2 Each supply line shall be equipped with control valves located in the warm area.
7.9.2.7.3 Only one air supply line shall be open to supply the system air at any one time.
7.9.2.8 Fire Detection for Preaction Release.

7.9.2.8.1 Detectors for Preaction Systems.

7.9.2.8.1.1* The release system shall be designed to operate prior to sprinkler operation,
unless detectors meet the requirements of 7.9.2.8.1.2. Detectors shall be electric or
pneumatic fixed temperature type with temperature ratings less than that of the sprinklers.
Detection devices shall not be rate-of-rise type.

7.9.2.8.1.2 Where the system is a double interlock preaction system or single interlock
preaction antifreeze system, detection devices shall be permitted to be any type specifically
approved for use in a refrigerated area if installed in accordance with their listing
requirements and NFPA 72, National Fire Alarm Code.

7.9.2.8.2 Detector Location at Ceiling. Under smooth ceilings, detectors shall be spaced
not exceeding their listed spacing. For other than smooth ceilings, detectors shall not exceed
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one-half of the listed linear detector spacing or full allowable sprinkler spacing, whichever is
greater.

7.9.2.8.3 Detector Location in Racks. Unless conditions in 7.9.2.8.4 are met, one level of
detectors shall be installed for each level of sprinklers. Detectors shall be installed vertically
within one storage level of the rack sprinklers and as follows:

(M

)

3)

4

Detectors shall be located in the transverse flue in single-row racks and in the
longitudinal flue in double-row racks.

For multiple row racks, detectors shall be located in either longitudinal or transverse
flue space and shall be within 5 ft (1.5 m) horizontally of each sprinkler.

Separate detection systems shall be installed for ceiling sprinkler systems and in-rack
sprinkler systems.

Where system is double interlock preaction type, ceiling detection system shall
operate solenoid valves on both ceiling and in-rack preaction systems.

7.9.2.8.4 Single Detection System for Ceiling and In-Rack Sprinklers. Ceiling detection
only shall be permitted where all of the following conditions are met:

(M
)
3)
Q)
6))

(6)

Maximum storage height is 35 ft (10.7 m).
Maximum ceiling height is 40 ft (12.2 m).
Maximum hazard of storage is Class III.
No solid shelves are present.

One preaction valve is used for both ceiling and in-rack sprinklers protecting the
same area, with separate indicating control valves and check valves provided
downstream as shown in Figure 7.9.2.8.4.

Detectors at the ceiling are spaced at a maximum of one-half the listed detector
spacing but not less than the sprinkler spacing.

Check valve Check valve
To ceiling \ s Control valve —h$ To rack
Sprinklers\ e sprinklers

Test valve _,,_I +O"_ Low air alarm
_l:)"—ﬁ.ir supphy
Check valve with

¥ in, (2.4 mm} —s 7%
hde in clapper

Freaction valva

-
=— Cantrol valve
Water supply——

FIGURE 7.9.2.8.4 Valve Arrangement.
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7.10 Commercial-Type Cooking Equipment and Ventilation.

7.10.1 General. In cooking areas protected by automatic sprinklers, additional sprinklers or
automatic spray nozzles shall be provided to protect commercial-type cooking equipment
and ventilation systems that are designed to carry away grease-laden vapors unless otherwise
protected.

7.10.2* Sprinklers and Automatic Spray Nozzles.

7.10.2.1 Unless the requirements of 7.10.2.2 are met, standard sprinklers or automatic spray
nozzles shall be so located as to provide for the protection of exhaust ducts, hood exhaust
duct collars, and hood exhaust plenum chambers.

7.10.2.2 Sprinklers or automatic spray nozzles in ducts, duct collars, and plenum chambers
shall not be required where all cooking equipment is served by listed grease extractors.

7.10.2.3 Unless the requirements of 7.10.2.5 are met, standard sprinklers or automatic spray
nozzles shall be so located as to provide for the protection of cooking equipment and
cooking surfaces.

7.10.2.4 Hoods containing automatic fire-extinguishing systems are protected areas;
therefore, these hoods are not considered obstructions to overhead sprinkler systems and
shall not require floor coverage underneath.

7.10.2.5 Cooking equipment below hoods that contain automatic fire-extinguishing
equipment is protected and shall not require protection from the overhead sprinkler system.

7.10.3 Sprinkler and Automatic Spray Nozzle Location — Ducts.

7.10.3.1 Unless the requirements of 7.10.3.2 or 7.10.3.4 are met, exhaust ducts shall have
one sprinkler or automatic spray nozzle located at the top of each vertical riser and at the
midpoint of each offset.

7.10.3.2 Sprinklers or automatic spray nozzles shall not be required in a vertical riser
located outside of a building, provided the riser does not expose combustible material or
provided the interior of the building and the horizontal distance between the hood outlet and
the vertical riser is at least 25 ft (7.6 m).

7.10.3.3 Unless the requirements of 7.10.3.4 are met, horizontal exhaust ducts shall have
sprinklers or automatic spray nozzle devices located on 10 ft (3 m) centers beginning no
more than 5 ft (1.5 m) from the duct entrance.

7.10.3.4 Sprinklers or automatic spray nozzles shall be required in ducts.

7.10.3.4.1 Where ducts do not exceed 75 ft (22.86 m) in length and the entire exhaust duct
is protected in accordance with UL 300, Standard for Safety Fire Testing of Fire
Extinguishing Systems for Protection of Restaurant Cooking Areas, sprinkler(s) [or
automatic spray nozzle(s)] shall not be required.

7.10.3.5 A sprinkler(s) or an automatic spray nozzle(s) in exhaust ducts subject to freezing
shall be properly protected against freezing by approved means. (See 8.16.4.1.)
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7.10.4 Sprinkler and Automatic Spray Nozzle Location — Duct Collar.

7.10.4.1 Each hood exhaust duct collar shall have one sprinkler or automatic spray nozzle
located 1 in. minimum to 12 in. maximum (25 mm minimum to 305 mm maximum) above the
point of duct collar connection in the hood plenum.

7.10.4.2 Hoods that have listed fire dampers located in the duct collar shall be protected
with a sprinkler or automatic spray nozzle located on the discharge side of the damper and
shall be so positioned as not to interfere with damper operation.

7.10.5 Sprinkler and Automatic Spray Nozzle Location — Exhaust Plenum Chambers.

7.10.5.1 Hood exhaust plenum chambers shall have one sprinkler or automatic spray nozzle
centered in each chamber not exceeding 10 ft (3 m) in length.

7.10.5.2 Plenum chambers greater than 10 ft (3 m) in length shall have two sprinklers or
automatic spray nozzles evenly spaced, with the maximum distance between the two
sprinklers not to exceed 10 ft (3 m).

7.10.6 Sprinkler and Automatic Spray Nozzle Temperature Ratings and Orifice Sizes.

7.10.6.1 Where the exposed temperature is expected to be 300°F (149°C) or less, sprinklers,
or automatic spray nozzles being used in duct, duct collar, and plenum areas shall be of the
extra high—temperature classification [325°F to 375°F (163°C to 191°C)].

7.10.6.2 When use of a temperature-measuring device indicates temperatures above 300°F
(149°C), a sprinkler or automatic spray nozzle of higher classification shall be used.

7.10.6.3 Sprinklers or automatic spray nozzles being used in duct, duct collar, and plenum
areas shall have orifice with K-factors not less than 1.4 and not more than 5.6.

7.10.7 Sprinkler and Automatic Spray Nozzle. Access shall be provided to all sprinklers
or automatic spray nozzles for examination and replacement.

7.10.8 Cooking Equipment.

7.10.8.1 General. Cooking equipment (such as deep fat fryers, ranges, griddles, and broilers)
that is considered to be a source of ignition shall be protected in accordance with the
provisions of 7.10.1.

7.10.8.2 Deep Fat Fryers.

7.10.8.2.1 A sprinkler or automatic spray nozzle used for protection of deep fat fryers shall
be listed for that application.

7.10.8.2.2 The position, arrangement, location, and water supply for each sprinkler or
automatic spray nozzle shall be in accordance with its listing.

7.10.8.3 Fuel and Heat Shutoff.

7.10.8.3.1 The operation of any cooking equipment sprinkler or automatic spray nozzle shall
automatically shut off all sources of fuel and heat to all equipment requiring protection.

7.10.8.3.2 Any gas appliance not requiring protection but located under ventilating
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equipment shall also be shut off.

7.10.8.3.3 All shutdown devices shall be of the type that requires manual resetting prior to
fuel or power being restored.

7.10.9 Indicating Valves. A listed indicating valve shall be installed in the water supply line
to the sprinklers and spray nozzles protecting the cooking and ventilating system.

7.10.10 Strainers. A listed line strainer shall be installed in the main water supply preceding
sprinklers or automatic spray nozzles having nominal K-factors smaller than K-2.8 (40).

7.10.11 Test Connection. A system test connection shall be provided to verify proper
operation of equipment specified in 7.10.8.3.

7.10.12 Sprinkler and Automatic Spray Nozzle Replacement.

7.10.12.1 Unless the requirements of 7.10.12.2 are met, sprinklers and automatic spray
nozzles used for protecting commercial-type cooking equipment and ventilating systems shall
be replaced annually.

7.10.12.2 Where automatic bulb-type sprinklers or spray nozzles are used and annual
examination shows no buildup of grease or other material on the sprinklers or spray nozzles,
such sprinklers or spray nozzles shall be permitted to be continued in use.

Chapter 8 Installation Requirements

8.1* Basic Requirements.

8.1.1* The requirements for spacing, location, and position of sprinklers shall be based on
the following principles:

(1) Sprinklers shall be installed throughout the premises.

(2) Sprinklers shall be located so as not to exceed the maximum protection area per
sprinkler.

3) Sprinklers shall be positioned and located so as to provide satisfactory performance
with respect to activation time and distribution.

4) Sprinklers shall be permitted to be omitted from areas specifically allowed by this
standard.

(%) When sprinklers are specifically tested and test results demonstrate that deviations
from clearance requirements to structural members do not impair the ability of the
sprinkler to control or suppress a fire, their positioning and locating in accordance
with the test results shall be permitted.

(6)  Clearance between sprinklers and ceilings exceeding the maximums specified in this
standard shall be permitted, provided that tests or calculations demonstrate
comparable sensitivity and performance of the sprinklers to those installed in
conformance with these sections.
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(7) Furniture, such as portable wardrobe units, cabinets, trophy cases, and similar
features not intended for occupancy, does not require sprinklers to be installed in
them. This type of feature shall be permitted to be attached to the finished structure.

8.1.2*% System valves and gauges shall be accessible for operation, inspection, tests, and
maintenance.

8.2 System Protection Area Limitations.

8.2.1 The maximum floor area on any one floor to be protected by sprinklers supplied by
any one sprinkler system riser or combined system riser shall be as follows:

(1)  Light hazard — 52,000 ft2 (4831 m?)
(2) Ordinary hazard — 52,000 ft2 (4831 m2)
3) Extra hazard
(a) Pipe schedule — 25,000 ft2 (2323 m2)
(b) Hydraulically calculated — 40,000 ft2 (3716 m2)

(4) Storage — High-piled storage (as defined in 3.9.1.13) and storage covered by other
NFPA standards — 40,000 ft2 (3716 m2)

8.2.2 The floor area occupied by mezzanines shall not be included in the area limits of 8.2.1.

8.2.3 Where single systems protect extra hazard, high-piled storage, or storage covered by
other NFPA standards, and ordinary or light hazard areas, the extra hazard or storage area
coverage shall not exceed the floor area specified for that hazard and the total area coverage
shall not exceed 52,000 ft2 (4831 m2).

8.2.4 Multiple buildings attached by canopies, covered breezeways, common roofs, or a
common wall(s) shall be permitted to be supplied by a single fire sprinkler riser. The
maximum system size shall comply with 8.2.1.

8.2.5* Detached Buildings.

8.2.5.1 Unless the requirements of 8.2.5.2 apply, detached buildings, regardless of
separation distance, that do not meet the criteria of 8.2.4 shall be provided with separate fire
sprinkler systems.

8.2.5.2 When acceptable to the authority having jurisdiction, detached structures shall be
permitted to be supplied by the fire sprinkler system of an adjacent building. (See 4.8.2.5 for
guidance.)

8.3 Use of Sprinklers.
8.3.1 General.
8.3.1.1% Sprinklers shall be installed in accordance with their listing.

8.3.1.2 The requirements of 8.3.1.1 shall not apply where construction features or other
special situations require unusual water distribution, and listed sprinklers shall be permitted
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to be installed in positions other than anticipated by their listing to achieve specific results.

8.3.1.3* Upright sprinklers shall be installed with the frame arms parallel to the branch line,
unless specifically listed for other orientation.

8.3.1.4 Where solvent cement is used as the pipe and fittings bonding agent, sprinklers shall
not be installed in the fittings prior to the fittings being cemented in place.

8.3.1.5 Protective Caps and Straps.

8.3.1.5.1*% Protective caps and straps shall be removed using means that are in accordance
with the manufacturer's installation instructions.

8.3.1.5.2* Protective caps and straps shall be removed from all sprinklers prior to the time
when the sprinkler system is placed in service.

8.3.1.5.3 Protective caps and straps on all upright sprinklers or on any sprinklers installed
more than 10 ft (3 m) above the floor shall be permitted to be removed from sprinklers
immediately following their installation.

8.3.2 Temperature Ratings.

8.3.2.1* Unless the requirements of 8.3.2.2, 8.3.2.3, 8.3.2.4, or 8.3.2.5 are met, ordinary
temperature—rated sprinklers shall be used throughout buildings.

8.3.2.2 Where maximum ceiling temperatures exceed 100°F (38°C), sprinklers with
temperature ratings in accordance with the maximum ceiling temperatures of Table 6.2.5.1
shall be used.

8.3.2.3 Intermediate- and high-temperature sprinklers shall be permitted to be used
throughout ordinary and extra hazard occupancies and as allowed in this standard and other
NFPA codes and standards.

8.3.2.4 Sprinklers of intermediate- and high-temperature classifications shall be installed in
specific locations as required by 8.3.2.5.

8.3.2.5 The following practices shall be observed to provide sprinklers of other than
ordinary-temperature classification unless other temperatures are determined or unless
high-temperature sprinklers are used throughout, and temperature selection shall be in
accordance with Table 8.3.2.5(a), Table 8.3.2.5(b), and Figure 8.3.2.5:

(D) Sprinklers in the high-temperature zone shall be of the high-temperature
classification, and sprinklers in the intermediate-temperature zone shall be of the
intermediate-temperature classification.

(2) Sprinklers located within 12 in. (305 mm) to one side or 30 in. (762 mm) above an
uncovered steam main, heating coil, or radiator shall be of the
intermediate-temperature classification.

3) Sprinklers within 7 ft (2.1 m) of a low-pressure blowoff valve that discharges free in
a large room shall be of the high-temperature classification.

4) Sprinklers under glass or plastic skylights exposed to the direct rays of the sun shall
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be of the intermediate-temperature classification.

(5 Sprinklers in an unventilated, concealed space, under an uninsulated roof, or in an
unventilated attic shall be of the intermediate-temperature classification.

(6) Sprinklers in unventilated show windows having high-powered electric lights near the
ceiling shall be of the intermediate-temperature classification.

(7) Sprinklers protecting commercial-type cooking equipment and ventilation systems
shall be of the high- or extra high—temperature classification as determined by use of
a temperature-measuring device. (See 7.10.6.)

(8) Sprinklers protecting residential areas installed near specific heat sources identified in
Table 8.3.2.5(c) shall be installed in accordance with Table 8.3.2.5(c).

9 Sprinklers in walk-in type coolers and freezers with automatic defrosting shall be of
the intermediate-temperature classification or higher.

Table 8.3.2.5(a) Temperature Ratings of Sprinklers Based on Distance from Heat

Type of Heat Condition Ordinary Degree Rating Intermediate Degree Rating High I
(1) Heating ducts
(a) Above More than 2 ft 6 in. 2 ft 6 in. or less
(b) Side and below More than 1 ft 0 in. 1 ft 0 in. or less
(c) Diffuser Any distance except as shown Downward discharge:
under Intermediate Degree Rating Cylinder with 1 ft 0 in. radius
column from edge extending 1 ft O in.

below and 2 ft 6 in. above
Horizontal discharge:
Semicylinder with 2 ft 6 in.
radius in direction of flow
extending 1 ft 0 in. below and
2 ft 6 in. above

(2) Unit heater
(a) Horizontal discharge Discharge side: 7 ft 0 in. to 20 7 ft 0 in.
ft 0 in. radius pie-shaped extending
cylinder (see Figure 8.3.2.5) and2{t0:
extending 7 ft 0 in. above and heater
2 ft 0 in. below heater; also 7
ft 0 in. radius cylinder more
than 7 ft 0 in. above unit
heater
(b) Vertical downward 7 ft 0 in. radius cylinder 7 ft 0 in. r:
discharge (for sprinklers below extending upward from an extending
unit heater, see Figure 8.3.2.5) elevation 7 ft 0 in. above unit  the unit he
heater elevation 7
unit heater
(3) Steam mains (uncovered)
(a) Above More than 2 ft 6 in. 2 ft 6 in. or less
(b) Side and below More than 1 ft 0 in. 1 ft 0 in. or less
(c) Blowoff valve More than 7 ft 0 in. 7ft0in. o

For SI units, 1 in. =25.4 mm; 1 ft = 0.3048 m.
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Table 8.3.2.5(b) Ratings of Sprinklers in Specified Locations

Location Ordinary Degree Rating Intermediate Degree Rating High I
Skylights Glass or plastic
Attics Ventilated Unventilated
Peaked roof: metal or thin Ventilated Unventilated

boards, concealed or not

concealed, insulated or

uninsulated

Flat roof: metal, not concealed  Ventilated or unventilated Note: For uninsulated roof,
climate and insulated or
uninsulated occupancy can
necessitate intermediate
sprinklers. Check on job.

Flat roof: metal, concealed, Ventilated Unventilated

insulated or uninsulated

Show windows Ventilated Unventilated

Note: A check of job condition by means of thermometers might be necessary.

Table 8.3.2.5(c) Ratings of Sprinklers in Specified Residential Areas

Minimum Distance from Minimum Distance froi
Edge of Source to Edge of Source to
Ordinary-Temperature Sprinkler Intermediate-Temperatt
Sprinkler
Heat Source in. mm in. mm
Side of open or recessed fireplace 36 914 12 305
Front of recessed fireplace 60 1524 36 914
Coal- or wood-burning stove 42 1067 12 305
Kitchen range 18 457 9 229
Wall oven 18 457 9 229
Hot air flues 18 457 9 229
Uninsulated heat ducts 18 457 9 229
Uninsulated hot water pipes 12 305 6 152
Side of ceiling- or wall-mounted hot 24 607 12 305
air diffusers
Front of wall-mounted hot air 36 914 18 457
diffusers
Hot water heater or furnace 6 152 3 76
Light fixture: 6 152 3 76
0 W=250 W
250 W—499 W 12 305 6 152
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FIGURE 8.3.2.5 High-Temperature and Intermediate-Temperature Zones at Unit
Heaters.

8.3.2.6 In case of occupancy change involving temperature change, the sprinklers shall be
changed accordingly.

8.3.2.7* The minimum temperature rating of ceiling sprinklers in general storage, rack
storage, rubber tire storage, roll paper storage, and baled cotton storage applications shall be
150°F (66°C).

8.3.3 Thermal Sensitivity.

8.3.3.1% Sprinklers in light hazard occupancies shall be one of the following:
(1) Quick-response type as defined in 3.6.2.9

(2) Residential sprinklers in accordance with the requirements of 8.4.5

(3) Standard response sprinklers used for modifications or additions to existing light
hazard systems equipped with standard response sprinklers

(4) Standard response sprinklers used where individual standard response sprinklers are
replaced in existing light hazard systems

8.3.3.2 Where quick-response sprinklers are installed, all sprinklers within a compartment
shall be quick-response unless otherwise permitted in 8.3.3.3.

8.3.3.3 Where there are no listed quick-response sprinklers in the temperature range
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required, standard response sprinklers shall be permitted to be used.

8.3.3.4 When existing light hazard systems are converted to use quick-response or
residential sprinklers, all sprinklers in a compartmented space shall be changed.

8.3.4 Small Orifice Sprinklers.

8.3.4.1 For light hazard occupancies not requiring as much water as is discharged by a
sprinkler with a nominal K-factor of K-5.6 (80) operating at 7 psi (0.5 bar), sprinklers having
a smaller orifice shall be permitted, subject to the following restrictions:

(D) The system shall be hydraulically calculated.

(2) Sprinklers with nominal K-factors of less than K-5.6 (80) shall be installed only in
wet pipe sprinkler systems or in accordance with the limitations of 8.3.4.2 or 8.3.4.3.

(3) A listed strainer shall be provided on the supply side of sprinklers with nominal
K-factors of less than K-2.8 (40).

8.3.4.2 Sprinklers with nominal K-factors of less than K-5.6 (80) shall be permitted to be
installed in conformance with 11.3.2 for protection against exposure fires.

8.3.4.3 Sprinklers with nominal K-factors of K-4.2 (60) shall be permitted to be installed on
dry pipe systems where piping is corrosion resistant or internally galvanized.

8.3.5 Thread Size Limitations. Sprinklers having a K-factor exceeding K-5.6 (80) and
having 2 in. (15 mm) National Pipe Thread (NPT) shall not be installed in new sprinkler
systems.

8.4* Application of Sprinkler Types.

Sprinklers shall be selected for use as indicated in this section and shall be positioned and
spaced as described in Section 8.5.

8.4.1 Standard Upright and Pendent Spray Sprinklers.

8.4.1.1 Upright and pendent spray sprinklers shall be permitted in all occupancy hazard
classifications and building construction types.

8.4.1.2 Quick-response sprinklers shall not be permitted for use in extra hazard occupancies
under the density-area design method.

8.4.2 Sidewall Spray Sprinklers. Sidewall sprinklers shall only be installed as follows:
(D) Light hazard occupancies with smooth, horizontal or sloped, flat ceilings

(2) Ordinary hazard occupancies with smooth, flat ceilings where specifically listed for
such use

3) To protect areas below overhead doors

8.4.3 Extended Coverage Sprinklers. Extended coverage sprinklers shall only be installed
as follows:

(1)  Unobstructed construction consisting of flat, smooth ceilings with a slope not
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exceeding a pitch of one in six (a rise of two units in a run of 12 units, a roof slope of
16.7 percent)

(2)  Unobstructed or noncombustible obstructed construction, where specifically listed for
such use

3) Within trusses or bar joists having web members not greater than 1 in. (25.4 mm)
maximum dimension or where trusses are spaced greater than 7% ft (2.3 m) on center
and where the ceiling slope does not exceed a pitch of one in six (a rise of two units
in a run of 12 units, a roof slope of 16.7 percent)

(4)  Under smooth, flat ceilings that have slopes not exceeding a pitch of one in three (a
rise of four units in a run of 12 units, a roof slope of 33.3 percent), where specifically
listed for such use

8.4.4 Open Sprinklers.

8.4.4.1 Open sprinklers shall be permitted to be used in deluge systems to protect special
hazards or exposures or in other special locations.

8.4.4.2 Open sprinklers shall be installed in accordance with all applicable requirements of
this standard for their automatic counterpart.

8.4.5 Residential Sprinklers.

8.4.5.1*% Residential sprinklers shall be permitted in dwelling units and their adjoining
corridors, provided they are installed in conformance with their listing.

8.4.5.2 Residential sprinklers shall be used only in wet systems unless specifically listed for
use in dry systems or preaction systems.

8.4.5.3 Where residential sprinklers are installed in a compartment as defined in 3.3.5, all
sprinklers within the compartment shall be of the fast-response type that meets the criteria of
3.6.1(a)(1).

8.4.6 Early Suppression Fast-Response (ESFR) Sprinklers.

8.4.6.1 ESFR sprinklers shall be used only in wet pipe systems unless specifically listed for
use in dry systems where specifically listed for such service.

8.4.6.2 ESFR sprinklers shall be installed only in buildings where roof or ceiling slope above
the sprinklers does not exceed a pitch of 2 in 12 (a rise of 2 units in a run of 12 units, a roof
slope of 16.7 percent).

8.4.6.3* ESFR sprinklers shall be permitted for use in buildings with unobstructed or
obstructed construction. Where depths of the solid structural members (beams, stem, etc.)
exceed 12 in. (305 mm), ESFR sprinklers shall be installed in each channel formed by the
solid structural members. Minimum sprinkler spacing and area of coverage shall comply with
the requirements of 8.12.2 and 8.12.3.

8.4.6.4 Draft Curtains.

8.4.6.4.1 Where ESFR sprinkler systems are installed adjacent to sprinkler systems with
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standard response sprinklers, a draft curtain of noncombustible construction and at least 2 ft
(0.6 m) in depth shall be required to separate the two areas.

8.4.6.4.2 A clear aisle of at least 4 ft (1.2 m) centered below the draft curtain shall be
maintained for separation.

8.4.6.5 Temperature Ratings. Sprinkler temperature ratings for ESFR sprinklers shall be
ordinary unless 8.3.2 requires intermediate- or high-temperature ratings.

8.4.7 Large Drop Sprinklers.
8.4.7.1 Large drop sprinklers shall be permitted to be used in wet, dry, or preaction systems.
8.4.7.2* Galvanized Pipe.

8.4.7.2.1 Where steel pipe is used in preaction and dry pipe systems, piping materials shall
be limited to internally galvanized steel.

8.4.7.2.2 Nongalvanized fittings shall be permitted.
8.4.7.3 Temperature Ratings.

8.4.7.3.1 Unless the requirements of 8.4.7.3.2, 8.4.7.3.3, or 8.4.7.3.4 are met, sprinkler
temperature ratings shall be the same as those indicated in Table 8.3.2.5(a) and Table
8.3.2.5(b) or those used in large-scale fire testing to determine the protection requirements
for the hazard involved.

8.4.7.3.2 Sprinklers of intermediate- and high-temperature ratings shall be installed in
specific locations as required by 8.3.2.

8.4.7.3.3 In storage occupancies, ordinary, intermediate, or high temperature-rated
sprinklers shall be used for wet pipe systems.

8.4.7.3.4 In storage occupancies, high temperature—rated sprinklers shall be used for dry
pipe systems.
L]

8.4.8 Special Sprinklers.

8.4.8.1% Special sprinklers that are intended for the protection of specific hazards or
construction features shall be permitted where such devices have been evaluated and listed
for performance under the following conditions:

(D) Fire tests related to the intended hazard

(2) Distribution of the spray pattern with respect to wetting of floors and walls
(3)  Distribution of the spray pattern with respect to obstructions

4) Evaluation of the thermal sensitivity of the sprinkler

(5)  Performance under horizontal or sloped ceilings

(6) Area of design

(7) Allowable clearance to ceilings
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8.4.8.2 Special sprinklers shall maintain the following characteristics:
(1) Orifice size shall be in accordance with 6.2.3.
(2)  Temperature ratings shall be in accordance with Table 6.2.5.1.

3) The protection area of coverage shall not exceed 400 ft2 (36 m?) for light hazard and
ordinary hazard occupancies.

4) The protection area of coverage shall not exceed 196 fi2 (17 m?) for extra hazard and
high-piled storage occupancies.

8.4.9 Specific Application Control Mode Sprinklers. Specific application control mode
sprinklers shall be installed in strict accordance with their listing.

8.4.10 Dry Sprinklers.

8.4.10.1 Where dry sprinklers are connected to wet pipe sprinkler systems protecting areas
subject to freezing temperatures, sprinklers of sufficient length shall be used to avoid freezing
of the water filled pipes due to conduction.

8.4.10.2* Where dry sprinklers are connected to wet pipe sprinkler systems protecting
insulated freezer structures, the clearance space around the sprinkler barrel shall be sealed.

8.5 Position, Location, Spacing, and Use of Sprinklers.
8.5.1 General.

8.5.1.1 Sprinklers shall be located, spaced, and positioned in accordance with the
requirements of Section 8.5.

8.5.1.2 Sprinklers shall be positioned to provide protection of the area consistent with the
overall objectives of this standard by controlling the positioning and allowable area of
coverage for each sprinkler.

8.5.1.3 The requirements of 8.5.2 through 8.5.7 shall apply to all sprinkler types unless
modified by more restrictive rules in Section 8.6 through Section 8.12.

8.5.2 Protection Areas per Sprinkler.
8.5.2.1 Determination of the Protection Area of Coverage.

8.5.2.1.1 The protection area of coverage per sprinkler (4) shall be determined as follows:

(1)  Along branch lines as follows:

(a) Determine distance between sprinklers (or to wall or obstruction in the case of
the end sprinkler on the branch line) upstream and downstream.

(b) Choose the larger of either twice the distance to the wall or the distance to the
next sprinkler.

(c¢) This dimension will be defined as S.

(2) Between branch lines as follows:
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(a) Determine perpendicular distance to the sprinkler on the adjacent branch line (or
to a wall or obstruction in the case of the last branch line) on each side of the
branch line on which the subject sprinkler is positioned.

(b) Choose the larger of either twice the distance to the wall or obstruction or the
distance to the next sprinkler.

(c¢) This dimension will be defined as L.

8.5.2.1.2 The protection area of coverage of the sprinkler shall be established by multiplying
the S dimension by the L dimension, as follows:

A =5xL

8.5.2.2 Maximum Protection Area of Coverage.

8.5.2.2.1 The maximum allowable protection area of coverage for a sprinkler (4,) shall be in
accordance with the value indicated in the section for each type or style of sprinkler.

8.5.2.2.2 The maximum area of coverage of any sprinkler shall not exceed 400 ft2 (36 m?).
8.5.3 Sprinkler Spacing.
8.5.3.1 Maximum Distance Between Sprinklers.

8.5.3.1.1 The maximum distance permitted between sprinklers shall be based on the
centerline distance between adjacent sprinklers.

8.5.3.1.2 The maximum distance shall be measured along the slope of the ceiling.

8.5.3.1.3 The maximum distance permitted between sprinklers shall comply with the value
indicated in the applicable section for each type or style of sprinkler.

8.5.3.2 Maximum Distance from Walls.

8.5.3.2.1 The distance from sprinklers to walls shall not exceed one-half of the allowable
maximum distance between sprinklers.

8.5.3.2.2 The distance from the wall to the sprinkler shall be measured perpendicular to the
wall.

8.5.3.2.3 The distance from the wall to the sprinkler shall be measured to the wall behind
furniture, such as wardrobes, cabinets, and trophy cases.

8.5.3.2.4 The distance from the wall to the sprinkler shall be measured to the wall when
sprinklers are spaced near windows and no additional floor space is created.

8.5.3.3 Minimum Distance from Walls.

8.5.3.3.1 The minimum distance permitted between a sprinkler and the wall shall comply
with the value indicated in the applicable section for each type or style of sprinkler.

8.5.3.3.2 The distance from the wall to the sprinkler shall be measured perpendicular to the
wall.
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8.5.3.4 Minimum Distance Between Sprinklers.

8.5.3.4.1 A minimum distance shall be maintained between sprinklers to prevent operating
sprinklers from wetting adjacent sprinklers and to prevent skipping of sprinklers.

8.5.3.4.2 The minimum distance permitted between sprinklers shall comply with the value
indicated in the applicable section for each type or style of sprinkler.

8.5.4 Deflector Position.
8.5.4.1* Distance Below Ceilings.

8.5.4.1.1 The distances between the sprinkler deflector and the ceiling above shall be
selected based on the type of sprinkler and the type of construction.

8.5.4.1.2 For corrugated metal deck roofs up to 3 in. (76 mm) in depth, the distance shall be
measured to the sprinkler from the bottom of the deck. For deeper decks, the distance shall
be measured to the highest point on the deck.

8.5.4.2 Deflector Orientation. Deflectors of sprinklers shall be aligned parallel to ceilings,
roofs, or the incline of stairs.

8.5.5 Obstructions to Sprinkler Discharge.

8.5.5.1* Performance Objective. Sprinklers shall be located so as to minimize obstructions
to discharge as defined in 8.5.5.2 and 8.5.5.3, or additional sprinklers shall be provided to
ensure adequate coverage of the hazard. (See Figure A.8.5.5.1.)

8.5.5.2* Obstructions to Sprinkler Discharge Pattern Development.

8.5.5.2.1 Continuous or noncontinuous obstructions less than or equal to 18 in. (457 mm)
below the sprinkler deflector that prevent the pattern from fully developing shall comply with
8.5.5.2.

8.5.5.2.2 Sprinklers shall be positioned in accordance with the minimum distances and
special requirements of Section 8.6 through Section 8.12 so that they are located sufficiently
away from obstructions such as truss webs and chords, pipes, columns, and fixtures.

8.5.5.3* Obstructions That Prevent Sprinkler Discharge from Reaching the Hazard.
Continuous or noncontinuous obstructions that interrupt the water discharge in a horizontal
plane more than 18 in. (457 mm) below the sprinkler deflector in a manner to limit the
distribution from reaching the protected hazard shall comply with 8.5.5.3.

8.5.5.3.1 Sprinklers shall be installed under fixed obstructions over 4 ft (1.2 m) wide such as
ducts, decks, open grate flooring, cutting tables, and overhead doors.

8.5.5.3.2 Sprinklers shall not be required under obstructions that are not fixed in place such
as conference tables.

8.5.5.3.3*% Sprinklers installed under open gratings shall be of the intermediate level/rack
storage type or otherwise shielded from the discharge of overhead sprinklers.

8.5.6* Clearance to Storage.
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8.5.6.1* Unless the requirements of 8.5.6.2, 8.5.6.3, 8.5.6.4, or 8.5.6.5 are met, the
clearance between the deflector and the top of storage shall be 18 in. (457 mm) or greater.

8.5.6.2 Where other standards specify greater clearance to storage minimums, they shall be
followed.

8.5.6.3 A minimum clearance to storage of 36 in. (914 mm) shall be permitted for special
sprinklers.

8.5.6.4 A minimum clearance to storage of less than 18 in. (457 mm) between the top of
storage and ceiling sprinkler deflectors shall be permitted where proven by successful
large-scale fire tests for the particular hazard.

8.5.6.5 The clearance from the top of storage to sprinkler deflectors shall be not less than 36
in. (914 mm) where rubber tires are stored.

8.5.7 Skylights. Sprinklers shall be permitted to be omitted from skylights and similar ceiling
pockets not exceeding 32 t2 (3 m?) in area, regardless of hazard classification, that are
separated by at least 10 ft (3 m) horizontally from any other skylight or unprotected ceiling
pocket. Skylights not exceeding 32 ft? (3 m?) shall be permitted to have a plastic cover.

8.6 Standard Pendent and Upright Spray Sprinklers.

8.6.1 General. All requirements of Section 8.5 shall apply to standard pendent and upright
spray sprinklers except as modified in Section 8.6.

8.6.2 Protection Areas per Sprinkler (Standard Pendent and Upright Spray
Sprinklers).

8.6.2.1 Determination of the Protection Area of Coverage.

8.6.2.1.1 Except as permitted by 8.6.2.1.2, the protection area of coverage per sprinkler
(A,) shall be determined in accordance with 8.5.2.1.

8.6.2.1.2 The requirements of 8.6.2.1.1 shall not apply in a small room as defined in 3.3.15;
the protection area of coverage for each sprinkler in the small room shall be the area of the
room divided by the number of sprinklers in the room.

8.6.2.2 Maximum Protection Area of Coverage.

8.6.2.2.1* The maximum allowable protection area of coverage for a sprinkler (4) shall be
in accordance with the value indicated in Table 8.6.2.2.1(a) through Table 8.6.2.2.1(d).

Table 8.6.2.2.1(a) Protection Areas and Maximum Spacing (Standard Spray Upright/
Pendent) for Light Hazard

Protection Area Spacing (
Construction Type System Type ft2 m? ft
Noncombustible obstructed and unobstructed  Pipe schedule 200 18.6 15

and combustible unobstructed with members
3 t (0.91 m) or more on center
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Table 8.6.2.2.1(a) Protection Areas and Maximum Spacing (Standard Spray Upright/
Pendent) for Light Hazard

Protection Area Spacing (

Construction Type System Type ft2 m? ft
Noncombustible obstructed and unobstructed  Hydraulically 225 20.9 15
and combustible unobstructed with members calculated
3 t (0.91 m) or more on center
Combustible obstructed with members 3 ft All 168 15.6 15
(0.91 m) or more on center
Combustible obstructed or unobstructed with All 130 12.1 15
members less than 3 ft (0.91 m) on center
Combustible concealed space under a All 120 11.1 15
pitched roof having combustible wood joist parallel to the slope
or wood truss construction with members 10
less than 3 ft (0.91 m) on center with slopes perpendicular to the
having a pitch of 4 in 12 or greater slope*

*Where the dimension perpendicular to the slope exceeds 8 ft (2.4 m), the minimum pressure shall be 20 psi (

Table 8.6.2.2.1(b) Protection Areas and Maximum Spacing (Standard
Spray Upright/Standard Spray Pendent) for Ordinary Hazard

Protection Area Spacing (maximum)
Construction Type  System Type ft2 m? ft m
All All 130 12.1 15 4.6

Table 8.6.2.2.1(c) Protection Areas and Maximum Spacing (Standard
Spray Upright/Standard Spray Pendent) for Extra Hazard

Protection Area Spacing (maximum)
Construction System Type ft2 m? ft m
Type
All Pipe schedule 90 8.4 12 3.7
[In buildings with storage
bays 25 ft (7.6 m) wide, 12
ft 6 in. (3.8 m) shall be
permitted.]
All Hydraulically 100 9.3 12 3.7

calculated with
density =0.25

[In buildings with storage
bays 25 ft (7.6 m) wide, 12
ft 6 in. (3.8 m) shall be
permitted.]
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Table 8.6.2.2.1(c) Protection Areas and Maximum Spacing (Standard
Spray Upright/Standard Spray Pendent) for Extra Hazard

Protection Area Spacing (maximum)
Construction System Type ft2 m? ft m
Type
All Hydraulically 130 12.1 15 4.6
calculated with
density <0.25

Table 8.6.2.2.1(d) Protection Areas and Maximum Spacing (Standard
Spray Upright/Standard Spray Pendent) for High-Piled Storage

Protection Area Spacing (maximum)
Construction Type System Type ft2 m? ft m
All Hydraulically 100 9.3 12 3.7

calculated with

In buildi ith st
density =025 [In buildings with storage

bays 25 ft (7.6 m) wide,
12 ft 6 in. (3.8 m) shall be

permitted.]
All Hydraulically 130 12.1 15 4.6
calculated with
density <0.25

8.6.2.2.2 In any case, the maximum area of coverage of a sprinkler shall not exceed 225 fi2
(21 m2).

8.6.3 Sprinkler Spacing (Standard Pendent and Upright Spray Sprinklers).

8.6.3.1 Maximum Distance Between Sprinklers. The maximum distance permitted
between sprinklers shall comply with Table 8.6.2.2.1(a) through Table 8.6.2.2.1(d).

8.6.3.2 Maximum Distance from Walls.

8.6.3.2.1 The distance from sprinklers to walls shall not exceed one-half of the allowable
distance between sprinklers as indicated in Table 8.6.2.2.1(a) through Table 8.6.2.2.1(d).

8.6.3.2.2 The distance from the wall to the sprinkler shall be measured perpendicular to the
wall.

8.6.3.2.3* The requirements of 8.6.3.2.1 shall not apply where walls are angled or irregular,
and the maximum horizontal distance between a sprinkler and any point of floor area
protected by that sprinkler shall not exceed 0.75 times the allowable distance permitted
between sprinklers, provided the maximum perpendicular distance is not exceeded.

8.6.3.2.4* The requirements of 8.6.3.2.1 shall not apply within small rooms as defined in
3.3.15, sprinklers shall be permitted to be located not more than 9 ft (2.7 m) from any single
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wall, and sprinkler spacing limitations of 8.6.3 and area limitations of Table 8.6.2.2.1(a) shall
not be exceeded.

8.6.3.2.5 Under curved surfaces, the horizontal distance shall be measured at the floor level
from the wall, or the intersection of the curved surface and the floor to the nearest sprinkler
shall not be greater than one-half the allowable distance between sprinklers.

8.6.3.3 Minimum Distances from Walls. Sprinklers shall be located a minimum of 4 in.
(102 mm) from a wall.

8.6.3.4 Minimum Distances Between Sprinklers.

8.6.3.4.1 Unless the requirements of 8.6.3.4.2, 8.6.3.4.3, or 8.6.3.4.4 are met, sprinklers
shall be spaced not less than 6 ft (1.8 m) on center.

8.6.3.4.2 Sprinklers shall be permitted to be placed less than 6 ft (1.8 m) on center where
the following conditions are satisfied:

(D) Baffles shall be installed and located midway between sprinklers and arranged to
protect the actuating elements.

(2) Baffles shall be of noncombustible or limited-combustible material that will stay in
place before and during sprinkler operation.

3) Baftles shall be not less than 8 in. (203 mm) wide and 6 in. (152 mm) high.

(4) The tops of baffles shall extend between 2 in. and 3 in. (51 mm and 76 mm) above
the deflectors of upright sprinklers.

®)] The bottoms of baffles shall extend downward to a level at least even with the
deflectors of pendent sprinklers.

8.6.3.4.3 In-rack sprinklers shall be permitted to be placed less than 6 ft (1.8 m) on center.

8.6.3.4.4 Old-style sprinklers protecting fur storage vaults shall be permitted to be placed
less than 6 ft (1.8 m) on center.

8.6.4 Deflector Position (Standard Pendent and Upright Spray Sprinklers).
8.6.4.1 Distance Below Ceilings.
8.6.4.1.1 Unobstructed Construction.

8.6.4.1.1.1 Under unobstructed construction, the distance between the sprinkler deflector
and the ceiling shall be a minimum of 1 in. (25.4 mm) and a maximum of 12 in. (305 mm)
throughout the area of coverage of the sprinkler.

8.6.4.1.1.2 The requirements of 8.6.4.1.1.1 shall not apply where ceiling-type sprinklers
(concealed, recessed, and flush types) have the operating element above the ceiling and the
deflector located nearer to the ceiling where installed in accordance with their listing.

8.6.4.1.1.3 The requirements of 8.6.4.1.1.1 shall not apply for light and ordinary hazard
occupancies with ceilings of noncombustible or limited combustible construction. Where
there is a vertical change in ceiling elevation within the area of coverage of the sprinkler
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creating a distance of more than 36 in. (914 mm) between the upper ceiling and the sprinkler
deflector, a vertical plane extending down from the ceiling at the change in elevation shall be
considered a wall for the purpose of sprinkler spacing. Where the distance between the upper
ceiling and the sprinkler deflector is less than or equal to 36 in. (914 mm), the sprinklers shall
be permitted to be spaced as though the ceiling was flat, provided the obstruction rules and
ceiling pocket rules are observed. (See Figure 8.6.4.1.1.3.)

x= 360n. (914 mm)
g = Maximum allowable distance
between sprinklers

Maximum |
1& 5 '-:l

4 _q]_

Y

Maximum |
!-— W &~

i«— Verical plane treated as wall
for sprinkler spacing

x> 38 in. (814 mm)
5 = Maximum allowable distance
between sprinklers

FIGURE 8.6.4.1.1.3 Vertical Changes in Ceiling Elevations.

8.6.4.1.2 Obstructed Construction. Under obstructed construction, the sprinkler deflector
shall be located in accordance with one of the following arrangements:

(D) Installed with the deflectors within the horizontal planes of 1 in. to 6 in. (25.4 mm to
152 mm) below the structural members and a maximum distance of 22 in. (559 mm)
below the ceiling/roof deck

(2) Installed with the deflectors at or above the bottom of the structural member to a
maximum of 22 in. (559 mm) below the ceiling/roof deck where the sprinkler is
installed in conformance with 8.6.5.1.2

3) Installed in each bay of obstructed construction, with the deflectors located a
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minimum of 1 in. (25.4 mm) and a maximum of 12 in. (305 mm) below the ceiling

4) Installed with the deflectors within the horizontal planes 1 in. to 6 in. (25.4 mm to
152 mm) below composite wood joists to a maximum distance of 22 in. (559 mm)
below the ceiling/roof deck only where joist channels are fire-stopped to the full
depth of the joists with material equivalent to the web construction so that individual
channel areas do not exceed 300 ft2 (27.9 m?)

(5)* Installed with deflectors of sprinklers under concrete tee construction with stems
spaced less than 7% ft (2.3 m) but more than 3 ft (0.91 m) on centers, regardless of
the depth of the tee, located at or above a horizontal plane 1 in. (25.4 mm) below the
bottom of the stems of the tees and shall comply with Table 8.6.5.1.2

8.6.4.1.3 Peaked Roofs and Ceilings.

8.6.4.1.3.1 Unless the requirements of 8.6.4.1.3.2 or 8.6.4.1.3.3 are met, sprinklers under or
near the peak of a roof or ceiling shall have deflectors located not more than 36 in. (914 mm)
vertically down from the peak as indicated in Figure 8.6.4.1.3.1(a) and Figure 8.6.4.1.3.1(b).

Measured on slope

FIGURE 8.6.4.1.3.1(a) Sprinklers Under Pitched Roofs with Sprinkler Directly Under
Peak; Branch Lines Run Up the Slope.
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FIGURE 8.6.4.1.3.1(b) Sprinklers at Pitched Roofs; Branch Lines Run Up the Slope.

8.6.4.1.3.2* Under saw-toothed roofs, sprinklers at the highest elevation shall not exceed a
distance of 36 in. (914 mm) measured down the slope from the peak.

8.6.4.1.3.3* Under a steeply pitched surface, the distance from the peak to the deflectors
shall be permitted to be increased to maintain a horizontal clearance of not less than 24 in.
(610 mm) from other structural members as indicated in Figure 8.6.4.1.3.3.

23_ ks,
| ﬁﬂir..|
{1.2 m)
minimum

Joist

T

PSRN

;,;
/
_

FIGURE 8.6.4.1.3.3 Horizontal Clearance for Sprinklers at Peak of Pitched Roof.

8.6.4.1.4 Sprinklers Under a Roof or Ceiling in Combustible Concealed Spaces of
Wood Joist or Wood Truss Construction with Members 3 ft (0.91 m) or Less on
Center and a Slope Having a Pitch of 4 in 12 or Greater. (See Figure 8.6.4.1.4.)
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Paragraph 8.6.4.14.2
Row of sprinklers required within 12 in.
honzontally and between 1in. and 12 in,

; down from the bottom of the fop chord member

Tin. o 12, ‘FA\
i
%

Additional sprirklers spaced Additional sprnklers spaced
along slape as required \\ along slope as required
iy
Paragraph 8.6.4.1.4.3 Paragraph 8.6.4.1.4.3
/A\C 5B min."
ot

"
5 Bt min.* ?/\
ol {/
Ceiling to space below

/

Roof or ceiling combustible
concaaled space

For Sl units, 1in. = 25.4 mm; 1 ft = 0.3048 m,
*Note: The 5 fi minimum dimension is measured from the intersection of the upper and lower truss chards,
or the wood rafters and cailing joists.

FIGURE 8.6.4.1.4 Sprinklers Under a Roof or Ceiling in Combustible Concealed
Spaces of Wood Joist or Wood Truss Construction with Members 3 ft (0.91 m) or Less
on Center and a Slope Having a Pitch of 4 in 12 or Greater.

8.6.4.1.4.1 Sprinklers under a roof or ceiling in combustible concealed spaces of wood joist
or wood truss construction with members 3 ft (0.91 m) or less on center and a slope having a
pitch of 4 in 12 or greater shall be quick response.

8.6.4.1.4.2 Sprinklers under a roof or ceiling in combustible concealed spaces of wood joist
or wood truss construction with members 3 ft (0.91 m) or less on center and a slope having a
pitch of 4 in 12 or greater shall be installed so that a row of sprinklers is installed within 12
in. (305 mm) horizontally of the peak and between 1 in. and 12 in. (25.4 mm and 305 mm)
down from the bottom of the top chord member.

8.6.4.1.4.3 Sprinklers under a roof or ceiling in combustible concealed spaces of wood joist
or wood truss construction with members 3 ft (0.91 m) or less on center and a slope having a
pitch of 4 in 12 or greater shall be installed so that the sprinklers installed along the eave are
located not less than 5 ft (1.52 m) from the intersection of the truss chords, or the wood
rafters and ceiling joists.

8.6.4.1.4.4 Sprinklers under a roof or ceiling in combustible concealed spaces, consisting of
combustible wood joist or wood truss construction with members spaced less than 3 ft (0.91
m) on center, used with slopes with a pitch at or exceeding 4 in 12, and using standard spray
sprinklers, shall be quick-response having pressures in accordance with the requirements of
Table 8.6.2.2.1(a).

8.6.4.1.5 Double Joist Obstructions.

8.6.4.1.5.1 Unless the requirements of 8.6.4.1.5.2 are met, where there are two sets of joists
under a roof or ceiling, and there is no flooring over the lower set, sprinklers shall be
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installed above and below the lower set of joists where there is a clearance of 6 in. (152 mm)
or more between the top of the lower joist and the bottom of the upper joist as indicated in
Figure 8.6.4.1.5.1.

Shchist Gpenxioiﬂs
1. mm
'_Uuu_ﬂTU*UUUUUUU
L 0 000fFf | |i [ Et
. & = f
O ‘|' y
Less than & in, Mo ceiling
{152 rrim) T or flooring
1 below only
FIGURE 8.6.4.1.5.1 Arrangement of Sprinklers Under Two Sets of Open Joists — No
Sheathing on Lower Joists.
8.6.4.1.5.2 Sprinklers shall be permitted to be omitted from below the lower set of joists

where at least 18 in. (457 mm) is maintained between the sprinkler deflector and the top of
the lower joist.

8.6.4.2 Deflector Orientation.

8.6.4.2.1 Unless the requirements of 8.6.4.2.2 or 8.6.4.2.3 are met, deflectors of sprinklers
shall be aligned parallel to ceilings, roofs, or the incline of stairs.

8.6.4.2.2 Where sprinklers are installed in the peak below a sloped ceiling or roof surface,
the sprinkler shall be installed with the deflector horizontal.

8.6.4.2.3 Roofs having a pitch not exceeding 2 in 12 (16.7 percent) are considered
horizontal in the application of 8.6.4.2, and sprinklers shall be permitted to be installed with
deflectors horizontal.

L]

8.6.5 Obstructions to Sprinkler Discharge (Standard Pendent and Upright Spray
Sprinklers).

8.6.5.1 Performance Objective.

8.6.5.1.1 Sprinklers shall be located so as to minimize obstructions to discharge as defined
in 8.6.5.2 and 8.6.5.3, or additional sprinklers shall be provided to ensure adequate coverage
of the hazard.

8.6.5.1.2 Sprinklers shall be arranged to comply with one of the following arrangements:
(1) Subsection 8.5.5.2, Table 8.6.5.1.2, and Figure 8.6.5.1.2(a).

(2) Sprinklers shall be permitted to be spaced on opposite sides of obstructions not
exceeding 4 ft (1.2 m) in width, provided the distance from the centerline of the
obstruction to the sprinklers does not exceed one-half the allowable distance
permitted between sprinklers.

3) Obstructions located against the wall and that are not over 30 in. (762 mm) in width
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shall be permitted to be protected in accordance with Figure 8.6.5.1.2(b).

Table 8.6.5.1.2 Positioning of Sprinklers to Avoid
Obstructions to Discharge (SSU/SSP)

Maximum Allowable Distance of

Distance from Sprinklers to Deflector Above Bottom of
Side of Obstruction (4) Obstruction (in.) (B)

Less than 1 ft 0

1 ft to less than 1 ft 6 in. 2V

1 ft 6 in. to less than 2 ft 3%

2 ft to less than 2 ft 6 in. 5%

2 ft 6 in. to less than 3 ft 7%

3 ft to less than 3 ft 6 in. 9%

3 ft 6 in. to less than 4 ft 12

4 ft to less than 4 ft 6 in. 14

4 ft 6 in. to less than 5 ft 16Y2

5 ft to less than 5 ft 6 in. 18

5 ft 6 in. to less than 6 ft 20

6 ft to less than 6 ft 6 in. 24

6 ft 6 in. to less than 7 ft 30

7 ft to less than 7 ft 6 in. 35

For SI units, 1 in. =25.4 mm; 1 ft = 0.3048 m.
Note: For (4) and (B), refer to Figure 8.6.5.1.2(a).

Ceiling

AV

Obstruchion

A

L -

Elevation View

FIGURE 8.6.5.1.2(a) Positioning of Sprinklers to Avoid Obstructions to Discharge
(SSU/SSP).
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M Ceiling

S
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Obstruction

o A

Az(D-Bin)+ 8
Wall [Az(D-02m)+ 8]
whare: D= 30 in. (0.8 m)

Elevation View
FIGURE 8.6.5.1.2(b) Obstructions Against Walls (SSU/SSP).

8.6.5.2 Obstructions to Sprinkler Discharge Pattern Development.
8.6.5.2.1 General.

8.6.5.2.1.1 Continuous or noncontinuous obstructions less than or equal to 18 in. (457 mm)
below the sprinkler deflector that prevent the pattern from fully developing shall comply with
8.6.5.2.

8.6.5.2.1.2 Regardless of the rules of 8.6.5.2, solid continuous obstructions shall meet the
applicable requirements of 8.6.5.1.2.

8.6.5.2.1.3* Unless the requirements of 8.6.5.2.1.4 through 8.6.5.2.1.9 are met, sprinklers
shall be positioned away from obstructions a minimum distance of three times the maximum
dimension of the obstruction (e.g., structural members, pipe, columns, and fixtures). The
maximum clear distance required shall be 24 in. (609 mm) in accordance with Figure
8.6.5.2.1.3.
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A
Ohstruction
- A i
| | o}
| b |
|
Plan View of Colurmn Elevation View of Truss

Az3Cor30
A< 24 in, (610 mm)
(Use dimension C or O, whichever is greater)

FIGURE 8.6.5.2.1.3 Minimum Distance from Obstruction (SSU/SSP).

8.6.5.2.1.4* For light and ordinary hazard occupancies, structural members only shall be
considered when applying the requirements of 8.6.5.2.1.3.

8.6.5.2.1.5 Sprinklers shall be permitted to be spaced on opposite sides of the obstruction
where the distance from the centerline of the obstruction to the sprinklers does not exceed
one-half the allowable distance between sprinklers.

8.6.5.2.1.6 Sprinklers shall be permitted to be located one-half the distance between the
obstructions where the obstruction consists of open trusses 20 in. (0.51 m) or greater apart
[24 in. (0.61 m) on center], provided that all truss members are not greater than 4 in. (102
mm) (nominal) in width.

8.6.5.2.1.7 Sprinklers shall be permitted to be installed on the centerline of a truss or bar
joist or directly above a beam, provided that the truss chord or beam dimension is not more
than 8 in. (203 mm) and the sprinkler deflector is located at least 6 in. (152 mm) above the
structural member and where the sprinkler is positioned at a distance three times greater than
the maximum dimension of the web members away from the web members.

8.6.5.2.1.8 The requirements of 8.6.5.2.1.3 shall not apply to sprinkler system piping less
than 3 in. (80 mm) in diameter.

L]

8.6.5.2.1.9 The requirements of 8.6.5.2.1.3 shall not apply to sprinklers positioned with
respect to obstructions in accordance with 8.6.5.1.2.

8.6.5.2.2 Suspended or Floor-Mounted Vertical Obstructions. The distance from
sprinklers to privacy curtains, freestanding partitions, room dividers, and similar obstructions
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8.6.5.2.1.8 'T'he requirements ot §.6.5.2.1.3 shall not apply to sprinkler system piping less
than 3 in. (80 mm) in diameter.

8.6.5.2.1.9 The requirements of 8.6.5.2.1.3 shall not apply to sprinklers positioned with
respect to obstructions in accordance with 8.6.5.1.2.

8.6.5.2.2 Suspended or Floor-Mounted Vertical Obstructions. The distance from
sprinklers to privacy curtains, freestanding partitions, room dividers, and similar obstructions
in light hazard occupancies shall be in accordance with Table 8.6.5.2.2 and Figure 8.6.5.2.2.

Table 8.6.5.2.2 Suspended or
Floor-Mounted Obstructions in Light
Hazard Occupancies Only (SSU/SSP)

Minimum Vertical
Distance Below Deflector
Horizontal Distance (4) (in.) (B)

6 in. or less 3

More than 6 in. to 9 in. 4
More than 9 in. to 12 in. 6
8

More than 12 in. to 15
n.

More than 15 in. to 18 9%,
in.

More than 18 in to 24 in. 12Y5
More than 24 in. to 30 15%
in.

More than 30 in. 18

For SI units, 1 in. = 25.4 mm.
Note: For (4) and (B), refer to Figure 8.6.5.2.2.
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FIGURE 8.6.5.2.2 Suspended or Floor-Mounted Obstructions in Light Hazard
Occupancies Only (SSU/SSP).

8.6.5.2.2.1* In light hazard occupancies, privacy curtains that are supported by fabric mesh
on ceiling track and have openings in the mesh equal to 70 percent or greater and extend a
minimum of 22 in. (559 mm) from ceiling shall not be considered obstructions as shown in
8.6.5.2.2.

8.6.5.3* Obstructions That Prevent Sprinkler Discharge from Reaching the Hazard.

8.6.5.3.1 Continuous or noncontinuous obstructions that interrupt the water discharge in a
horizontal plane more than 18 in. (457 mm) below the sprinkler deflector in a manner to limit
the distribution from reaching the protected hazard shall comply with 8.6.5.3.

8.6.5.3.2 The requirements of 8.6.5.3 shall also apply to obstructions 18 in. (457 mm) or
less below the sprinkler for light and ordinary hazard occupancies.

8.6.5.3.3 Sprinklers shall be installed under fixed obstructions over 4 ft (1.2 m) wide, such
as ducts, decks, open grate flooring, cutting tables, and overhead doors.

8.6.5.3.4 Sprinklers shall not be required below obstructions that are not fixed in place, such
as conference tables.

8.6.5.3.5 Sprinklers installed under open gratings shall be of the intermediate level/rack
storage type or otherwise shielded from the discharge of overhead sprinklers.

8.6.6* Clearance to Storage (Standard Pendent and Upright Spray Sprinklers).

8.6.6.1 The clearance between the deflector and the top of storage shall be 18 in. (457 mm)
or greater.

8.6.6.2 Where other standards specify greater clearance to storage minimums, they shall be
followed.

8.6.7 Ceiling Pockets.

Copyright NFPA



8.6.7.1 Sprinklers shall be required in all ceiling pockets.

8.6.7.2 The requirements of 8.6.7.1 shall not apply where all of the following are met:

(M

)
3)

4

6))

(6)
(7)

The total volume of the unprotected ceiling pocket does not exceed 1000 ft3 (28.3
m3).

The depth of the unprotected pocket does not exceed 36 in. (914 mm).

The entire floor under the unprotected ceiling pocket is protected by the sprinklers at
the lower ceiling elevation.

Each unprotected ceiling pocket is separated from any adjacent unprotected ceiling
pocket by a minimum 10 ft (3.05 m) horizontal distance.

The unprotected ceiling pocket is constructed of noncombustible or limited
combustible construction.

Skylights not exceeding 32 ft2 (3 m2) shall be permitted to have a plastic cover.

Quick response sprinklers are utilized throughout the compartment.

8.7 Sidewall Standard Spray Sprinklers.

8.7.1 General. All requirements of Section 8.5 shall apply to sidewall standard spray
sprinklers except as modified in Section 8.7.

8.7.2 Protection Areas per Sprinkler (Standard Sidewall Spray Sprinklers).

8.7.2.1 Determination of the Protection Area of Coverage.

8.7.2.1.1 The protection area of coverage per sprinkler (4) shall be determined as follows:

(M

)

Along the wall as follows:

(a) Determine the distance between sprinklers along the wall (or to the end wall or
obstruction in the case of the end sprinkler on the branch line) upstream and
downstream.

(b) Choose the larger of either twice the distance to the end wall or the distance to
the next sprinkler.

(c¢) This dimension will be defined as S.
Across the room as follows:

(a) Determine the distance from the wall on which the sprinkler is installed to the
wall opposite the sprinklers or to the midpoint of the room where sprinklers are
installed on two opposite walls (see 8.7.3.1.5 and 8.7.3.1.6).

(b) This dimension will be defined as L.

8.7.2.1.2 The protection area of the sprinkler shall be established by multiplying the S
dimension by the L dimension, as follows:
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A, =5%L
8.7.2.2 Maximum Protection Area of Coverage.

8.7.2.2.1 The maximum allowable protection area of coverage for a sprinkler (4,) shall be in
accordance with the value indicated in Table 8.7.2.2.1.

Table 8.7.2.2.1 Protection Areas and Maximum Spacing (Standard Sidewall Spr:

Light Hazard Ordina
Noncombustible or
Limited-
Combustible Finish  Combustible Finish Combustible Finish
Maximum distance along the wall (S) 14 ft 14 ft 10 ft
Maximum room width (L) 12 ft 14 ft 10 ft
Maximum protection area 120 fi2 196 fi2 80 fi2

For SI units, 1 ft = 0.3048 m; 1 ft2 =0.0929 m2.

8.7.2.2.2 In any case, the maximum area of coverage of a sprinkler shall not exceed 196 fi2
(18.2 m2).

8.7.3 Sprinkler Spacing (Standard Sidewall Spray Sprinklers).
8.7.3.1 Maximum Distance Between Sprinklers.

8.7.3.1.1 The maximum distance permitted between sidewall spray sprinklers shall be based
on the centerline distance between sprinklers on the branch line.

8.7.3.1.2 The maximum distance between sidewall spray sprinklers or to a wall shall be
measured along the slope of the ceiling.

8.7.3.1.3 Where sidewall spray sprinklers are installed along the length of a single wall of
rooms or bays, they shall be spaced in accordance with the maximum spacing provisions of
Table 8.7.2.2.1.

8.7.3.1.4 Sidewall spray sprinklers shall not be installed back-to-back without being
separated by a continuous lintel or soffit.

8.7.3.1.5 Where sidewall spray sprinklers are installed on two opposite walls or sides of
bays, the maximum width of the room or bay shall be permitted to be up to 24 ft (7.32 m) for
light hazard occupancy or 20 ft (6.1 m) for ordinary hazard occupancy, with spacing as
required by Table 8.7.2.2.1.

8.7.3.1.6 Sidewall spray sprinklers shall be permitted to be installed on opposing or adjacent
walls, provided no sprinkler is located within the maximum protection area of another
sprinkler.

8.7.3.1.7 Where sidewall standard spray sprinklers are installed to protect areas below
overhead doors within ordinary hazard occupancy spaces or rooms, protection area and
maximum sprinkler spacing for light hazard as specified in Table 8.7.2.2.1 shall be permitted
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under the overhead doors.

8.7.3.2 Maximum Distance from Walls. The distance from sprinklers to the end walls shall
not exceed one-half of the allowable distance permitted between sprinklers as indicated in
Table 8.7.2.2.1.

8.7.3.3 Minimum Distance from Walls.
8.7.3.3.1 Sprinklers shall be located a minimum of 4 in. (102 mm) from an end wall.

8.7.3.3.2 The distance from the wall to the sprinkler shall be measured perpendicular to the
wall.

8.7.3.4 Minimum Distance Between Sprinklers. Sprinklers shall be spaced not less than 6
ft (1.8 m) on center.

8.7.4 Deflector Position from Ceilings and Walls (Standard Sidewall Spray Sprinklers).
8.7.4.1 Distance Below Ceilings and from Walls.
8.7.4.1.1 Ceilings.

8.7.4.1.1.1 Unless the requirements of 8.7.4.1.1.2 are met, sidewall sprinkler deflectors shall
be located not more than 6 in. (152 mm) or less than 4 in. (102 mm) from ceilings.

8.7.4.1.1.2 Horizontal sidewall sprinklers shall be permitted to be located in a zone 6 in. to
12 in. (152 mm to 305 mm) or 12 in. to 18 in. (305 mm to 457 mm) below noncombustible
and limited-combustible ceilings where listed for such use.

8.7.4.1.2 Walls.

8.7.4.1.2.1 Vertical sidewall sprinkler deflectors shall be located not more than 6 in. (152
mm) or less than 4 in. (102 mm) from the wall they are projecting from.

8.7.4.1.2.2 Horizontal sidewall sprinkler deflectors shall be located no more than 6 in. (152
mm), and are permitted to be located with their deflectors less than 4 in. (102 mm), from the
wall on which they are mounted.

8.7.4.1.3 Lintels and Soffits.
L]

8.7.4.1.3.1 Where soffits used for the installation of sidewall sprinklers exceed 8 in. (203
mm) in width or projection from the wall, additional sprinklers shall be installed below the
soffit.

8.7.4.1.3.2* Where soffits used for the installation of sidewall sprinklers are less than or
equal to 8 in. (203 mm) in width or projection from the wall, additional sprinklers shall not
be required below the soffit when the sidewall sprinkler on the softit is within 4 in. (102 mm)
from the bottom of the soffit.

8.7.4.1.3.3* A sidewall sprinkler shall be permitted to be installed under a soffit when both
the minimum distance from the sprinkler deflector to the bottom of the soffit and maximum
distance from the sprinkler deflector to the high ceiling is maintained.
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8.7.4.2 Deflector Orientation.
8.7.4.2.1 Deflectors of sprinklers shall be aligned parallel to ceilings or roofs.

8.7.4.2.2 Sidewall sprinklers, where installed under a sloped ceiling with a slope exceeding 2
in 12, shall be located at the high point of the slope and positioned to discharge downward
along the slope.

8.7.5 Obstructions to Sprinkler Discharge (Standard Sidewall Spray Sprinklers).
8.7.5.1 Performance Objective.

8.7.5.1.1 Sprinklers shall be located so as to minimize obstructions to discharge as defined
in 8.5.5.2 and 8.5.5.3, or additional sprinklers shall be provided to ensure adequate coverage
of the hazard.

8.7.5.1.2 Sidewall sprinklers shall be installed no closer than 4 ft (1.2 m) from light fixtures
or similar obstructions.

8.7.5.1.3 The distance between light fixtures or similar obstructions located more than 4 ft
(1.2 m) from the sprinkler shall be in conformity with Table 8.7.5.1.3 and Figure 8.7.5.1.3.

Table 8.7.5.1.3 Positioning of Sprinklers to Avoid
Obstructions (Standard Sidewall Spray Sprinklers)

Distance from Sidewall Maximum Allowable Distance
Sprinkler to Side of of Deflector Above Bottom of
Obstruction (4) Obstruction (in.) (B)
Less than 4 ft Not allowed
4 ft to less than 5 ft 1

5 ft to less than 5 ft 6 in.
5 ft 6 in. to less than 6 ft
6 ft to less than 6 ft 6 in.
6 ft 6 in. to less than 7 ft
7 ft to less than 7 ft 6 in.
7 ft 6 in. to less than 8 ft
8 ft to less than 8 ft 6 in.
8 ft 6 in. or greater 14

O 9 N B W N

—
—

For SI units, 1 in. =25.4 mm; 1 ft = 0.3048 m.
Note: For (4) and (B), refer to Figure 8.7.5.1.3.
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FIGURE 8.7.5.1.3 Positioning of Sprinklers to Avoid Obstructions (Standard Sidewall
Spray Sprinklers).

8.7.5.1.4 Obstructions projecting from the same wall as the one on which the sidewall
sprinkler is mounted shall be in accordance with Table 8.7.5.1.4 and Figure 8.7.5.1.4.

Table 8.7.5.1.4 Positioning of Sprinklers to Avoid
Obstructions Along the Wall (Standard Sidewall Spray

Sprinklers)
Distance from Sidewall Maximum Allowable Distance of
Sprinkler Deflector Above Bottom of
to Side of Obstruction (4) Obstruction (in.) (B)
Less than 6 in. 1
6 in. to less than 1 ft 2
1 ft to less than 1 ft 6 in. 3
1 ft 6 in. to less than 2 ft 4
2 ft to less than 2 ft 6 in. 5%
2 ft 6 in. to less than 3 ft 7
3 ft to less than 3 ft 6 in. 8
3 ft 6 in. to less than 4 ft 9%
4 ft to less than 4 ft 6 in. 10
4 ft 6 in. to less than 5 ft 11%
5 ft to less than 5 ft 6 in. 12%
5 ft 6 in. to less than 6 ft 14
6 ft to less than 6 ft 6 in. 15
6 ft 6 in. to less than 7 ft 16%
7 ft to less than 7 ft 6 in. 17%

For SI units, 1 in. =25.4 mm; 1 ft = 0.3048 m.
Note: For (4) and (B), refer to Figure 8.7.5.1.4.
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FIGURE 8.7.5.1.4 Positioning of Sprinklers to Avoid Obstructions Along the Wall
(Standard Sidewall Spray Sprinklers).

8.7.5.1.5 Sprinklers shall be permitted to be spaced on opposite sides of obstructions less
than 4 ft (1.22 m) in width where the distance from the centerline of the obstruction to the
sprinklers does not exceed one-half the allowable distance between sprinklers.

8.7.5.2 Obstructions to Sprinkler Discharge Pattern Development.
8.7.5.2.1 General.

8.7.5.2.1.1 Continuous or noncontinuous obstructions less than or equal to 18 in. (457 mm)
below the sprinkler deflector that prevent the pattern from fully developing shall comply with
this section.

8.7.5.2.1.2 Regardless of the rules of this section, solid continuous obstructions shall meet
the requirements of 8.7.5.1.2 and 8.7.5.1.3.

8.7.5.2.1.3* Unless the requirements of 8.7.5.2.1.4 or 8.7.5.2.1.5 are met, sprinklers shall be
positioned away from obstructions a minimum distance of three times the maximum
dimension of the obstruction (e.g., truss webs and chords, pipe, columns, and fixtures). The
maximum clear distance required shall be 24 in. (609 mm) and shall be positioned in
accordance with Figure 8.7.5.2.1.3 where obstructions are present.
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FIGURE 8.7.5.2.1.3 Minimum Distance from Obstruction (Standard Sidewall Spray
Sprinkler)

8.7.5.2.1.4 The requirements of 8.7.5.2.1.3 shall not apply to sprinkler system piping less
than 3 in. (80 mm) in diameter.

8.7.5.2.1.5 The requirements of 8.7.5.2.1.3 shall not apply where sprinklers are positioned
with respect to obstructions in accordance with 8.7.5.1.2, 8.7.5.1.3, and 8.7.5.1.4.

8.7.5.2.2 Suspended or Floor-Mounted Vertical Obstructions. The distance from
sprinklers to privacy curtains, free-standing partitions, room dividers, and similar
obstructions in light hazard occupancies shall be in accordance with Table 8.7.5.2.2 and
Figure 8.7.5.2.2.

Table 8.7.5.2.2 Suspended or Floor-Mounted
Obstructions (Standard Sidewall Spray
Sprinklers) in Light Hazard Occupancies Only

Minimum Vertical Distance Below

Horizontal Distance (4) Deflector (in.) (B)
6 in. or less 3
More than 6 in. to 9 in. 4
More than 9 in. to 12 in. 6
More than 12 in. to 15 in. 8
More than 15 in. to 18 in. 9%
More than 18 in. to 24 in. 12Y5
More than 24 in. to 30 in. 15%
More than 30 in. 18

For SI units, 1 in. = 25.4 mm.
Note: For (4) and (B), refer to Figure 8.7.5.2.2.
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FIGURE 8.7.5.2.2 Suspended or Floor-Mounted Obstructions (Standard Sidewall
Spray Sprinklers) in Light Hazard Occupancies Only.
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8.7.5.2.2.1* In light hazard occupancies, privacy curtains that are supported by fabric mesh
on ceiling track and have openings in the mesh equal to 70 percent or greater and extend a
minimum of 22 in. (559 mm) from ceiling shall not be considered obstructions as shown in
Figure 8.7.5.2.2.

8.7.5.3* Obstructions That Prevent Sprinkler Discharge from Reaching the Hazard.

8.7.5.3.1 Continuous or noncontinuous obstructions that interrupt the water discharge in a
horizontal plane more than 18 in. (457 mm) below the sprinkler deflector in a manner to limit
the distribution from reaching the protected hazard shall comply with this section.

8.7.5.3.2 Sprinklers shall be installed under fixed obstructions over 4 ft (1.2 m) wide such as
ducts, decks, open grate flooring, cutting tables, and overhead doors.

8.7.5.3.3 Sprinklers shall not be required under obstructions that are not fixed in place such
as conference tables.

8.7.6 Clearance to Storage (Standard Sidewall Spray Sprinklers). The clearance
between the deflector and the top of storage shall be 18 in. (457 mm) or greater.

8.8 Extended Coverage Upright and Pendent Spray Sprinklers.

8.8.1 General. All requirements of Section 8.5 shall apply to extended coverage upright and
pendent sprinklers except as modified in Section 8.8.

8.8.2 Protection Areas per Sprinkler (Extended Coverage Upright and Pendent Spray
Sprinklers).

8.8.2.1* Determination of the Protection Area of Coverage.
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8.8.2.1.1 The protection area of coverage (4,) for extended coverage sprinklers shall be not
less than that prescribed by the listing.

8.8.2.1.2 Listing dimensions shall be even-numbered square protection areas as shown in
Table 8.8.2.1.2.

Table 8.8.2.1.2 Protection Areas and Maximum Spacing (Extended Coverage Upright
Spray Sprinklers)

Light Hazard Ordinary Hazard Extra Hazard H
Protection Protection Protection Pr
Area Spacing Area Spacing Area Spacing
Construction Type (ft2) (ft) (ft2) (ft) (ft2) (ft)
Unobstructed 400 20 400 20 — —
324 18 324 18 — —
256 16 256 16 — —
— — 196 14 196 14
— — 144 12 144 15
Obstructed 400 20 400 20 — —
noncombustible 324 18 324 18 — —
(when specifically 256 16 256 16 _ _
listed for such use) . . 196 14 196 14
— — 144 12 144 15
Obstructed N/A N/A N/A N/A N/A N/A

combustible
For SI units, 1 ft = 0.3048 m; 1 ft2 =0.0929 m2.

8.8.2.1.3 Determination of the protection area of coverage and sprinkler spacing for
sprinklers listed for extended coverage extra hazard or high-piled storage shall be permitted
to be spaced in accordance with the requirements of 8.5.2 and 8.5.3 and shall not exceed 14
ft (4.3 m) maximum spacing and 196 ft2 (18.2 m?) maximum area per sprinkler.

8.8.2.2 Maximum Protection Area of Coverage.

8.8.2.2.1* The maximum allowable area of coverage for a sprinkler (4,) shall be in
accordance with the value indicated in Table 8.8.2.1.2.

8.8.2.2.2 In any case, the maximum area of coverage of a sprinkler shall not exceed 400 fi2
(37.2 m2).

8.8.3 Sprinkler Spacing (Extended Coverage Upright and Pendent Spray Sprinklers).
8.8.3.1 Maximum Distance Between Sprinklers.

8.8.3.1.1 The maximum distance permitted between sprinklers shall be based on the
centerline distance between sprinklers on the branch line or on adjacent branch lines.

8.8.3.1.2 The maximum distance shall be measured along the slope of the ceiling.

8.8.3.1.3 The maximum distance permitted between sprinklers shall comply with Table
Copyright NFPA



8.8.2.1.2.
8.8.3.2 Maximum Distance from Walls.

8.8.3.2.1 The distance from sprinklers to walls shall not exceed one-half of the allowable
distance permitted between sprinklers as indicated in Table 8.8.2.1.2.

8.8.3.2.2 The distance from the wall to the sprinkler shall be measured perpendicular to the
wall.

8.8.3.2.3 Where walls are angled or irregular, the maximum horizontal distance between a
sprinkler and any point of floor area protected by that sprinkler shall not exceed 0.75 times
the allowable distance permitted between sprinklers.

8.8.3.3 Minimum Distance from Walls. Sprinklers shall be located a minimum of 4 in. (102
mm) from a wall unless listed for distances less than 4 in. (102 mm).

8.8.3.4 Minimum Distance Between Sprinklers.

8.8.3.4.1 Unless the requirements of 8.8.3.4.2 are met, sprinklers shall be spaced not less
than 8 ft (2.4 m) on center.

8.8.3.4.2 Sprinklers shall be permitted to be placed less than 8 ft (2.4 m) on center where
the following conditions are satisfied:

(D) Baffles shall be installed and located midway between sprinklers and arranged to
protect the actuating elements.

(2) Baffles shall be of noncombustible or limited-combustible material that will stay in
place before and during sprinkler operation.

3) Baftles shall be not less than 8 in. (203 mm) wide and 6 in. (152 mm) high.

(4) The tops of baffles shall extend between 2 in. and 3 in. (51 mm and 76 mm) above
the deflectors of upright sprinklers.

®)) The bottoms of baffles shall extend downward to a level at least even with the
deflectors of pendent sprinklers.

8.8.4 Deflector Position (Extended Coverage Upright and Pendent Spray Sprinklers).
8.8.4.1 Distance Below Ceilings.
8.8.4.1.1 Unobstructed Construction.

8.8.4.1.1.1 Under unobstructed construction, the distance between the sprinkler deflector
and the ceiling shall be a minimum of 1 in. (25.4 mm) and a maximum of 12 in. (305 mm)
throughout the area of coverage of the sprinkler.

8.8.4.1.1.2 The requirements of 8.8.4.1.1.1 shall not apply where ceiling-type sprinklers
(concealed, recessed, and flush types) have the operating element above the ceiling and the
deflector located nearer to the ceiling where installed in accordance with their listing.

8.8.4.1.1.3 The requirements of 8.8.4.1.1.1 shall not apply where sprinklers are listed for
use under other ceiling construction features or for different distances where they shall be
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permitted to be installed in accordance with their listing.

8.8.4.1.1.4 The requirements of 8.8.4.1.1.1 shall not apply for light and ordinary hazard
occupancies with ceilings of noncombustible or limited combustible construction. Where
there is a vertical change in ceiling elevation within the area of coverage of the sprinkler
creating a distance of more than 36 in. (914 mm) between the upper ceiling and the sprinkler
deflector, a vertical plane extending down from the ceiling at the change in elevation shall be
considered a wall for the purpose of sprinkler spacing. Where the distance between the upper
ceiling and the sprinkler deflector is less than or equal to 36 in. (914 mm), the sprinklers shall
be permitted to be spaced as though the ceiling were flat, provided the obstruction rules and
ceiling pocket rules are observed. (See Figure 8.8.4.1.1.4.)
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FIGURE 8.8.4.1.1.4 Vertical Changes in Ceiling Elevations.

8.8.4.1.2 Obstructed Construction. Under obstructed construction, the sprinkler deflector
shall be located in accordance with one of the following arrangements:

(D) Installed with the deflectors within the horizontal planes of 1 in. to 6 in. (25.4 mm to
152 mm) below the structural members and a maximum distance of 22 in. (559 mm)
below the ceiling/roof deck.
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(2) Installed with the deflectors at or above the bottom of the structural member to a
maximum of 22 in. (559 mm) below the ceiling/roof deck where the sprinkler is
installed in conformance with 8.8.5.1.2.

3) Installed in each bay of obstructed construction, with the deflectors located a
minimum of 1 in. (25.4 mm) and a maximum of 12 in. (305 mm) below the ceiling.

4) Where sprinklers are listed for use under other ceiling construction features or for
different distances, they shall be permitted to be installed in accordance with their
listing.

8.8.4.1.3* Peaked Roofs and Ceilings. Sprinklers under or near the peak of a roof or
ceiling shall have deflectors located not more than 3 ft (0.9 m) vertically down from the peak
in accordance with Figure 8.6.4.1.3.1(a) and Figure 8.6.4.1.3.1(b).

8.8.4.2 Deflector Orientation. Deflectors of sprinklers shall be aligned parallel to ceilings or
roofs.

8.8.5 Obstructions to Sprinkler Discharge (Extended Coverage Upright and Pendent
Spray Sprinklers).

8.8.5.1 Performance Objective.

8.8.5.1.1 Sprinklers shall be located so as to minimize obstructions to discharge as defined
in 8.8.5.2 and 8.8.5.3, or additional sprinklers shall be provided to ensure adequate coverage
of the hazard.

8.8.5.1.2 Sprinklers shall be arranged to comply with one of the following arrangements:

(1) Sprinklers shall be in accordance with 8.5.5.2, Table 8.8.5.1.2, and Figure
8.8.5.1.2(a).

(2) Sprinklers shall be permitted to be spaced on opposite sides of obstructions not
exceeding 4 ft (1.2 m) in width provided the distance from the centerline of the
obstruction to the sprinklers does not exceed one-half the allowable distance
permitted between sprinklers.

3) Obstructions located against the wall and that are not over 30 in. (762 mm) in width
shall be permitted to be protected in accordance with Figure 8.8.5.1.2(b).

Table 8.8.5.1.2 Position of Sprinklers to Avoid
Obstructions to Discharge (Extended Coverage
Upright and Pendent Spray Sprinklers)

Distance from Sprinklers Maximum Allowable Distance of

to Deflector above Bottom of
Side of Obstruction (4) Obstruction (in.) (B)
Less than 1 ft 0

1 ft to less than 1 ft 6 in.
1 ft 6 in. to less than 2 ft
2 ft to less than 2 ft 6 in.
2 ft 6 in. to less than 3 ft

Copyright NFPA

—_— = O



Table 8.8.5.1.2 Position of Sprinklers to Avoid
Obstructions to Discharge (Extended Coverage
Upright and Pendent Spray Sprinklers)

Distance from Sprinklers Maximum Allowable Distance of

to Deflector above Bottom of
Side of Obstruction (4) Obstruction (in.) (B)
3 ft to less than 3 ft 6 in. 3
3 ft 6 in. to less than 4 ft 3
4 ft to less than 4 ft 6 in. 5
4 ft 6 in. to less than 5 ft 7
5 ft to less than 5 ft 6 in. 7
5 ft 6 in. to less than 6 ft 7
6 ft to less than 6 ft 6 in. 9
6 ft 6 in. to less than 7 ft 11
7 ft to less than 7 ft 6 in. 14
7 ft 6 in. to less than 8 ft 14
8 ft to less than 8 ft 6 in. 15
8 ft 6 in. to less than 9 ft 17
9 ft to less than 9 ft 6 in. 19
9 ft 6 in. to less than 10 ft 21

For SI units, 1 in. =25.4 mm; 1 ft = 0.3048 m.
Note: For (4) and (B), refer to Figure 8.8.5.1.2(a).
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FIGURE 8.8.5.1.2(a) Position of Sprinklers to Avoid Obstructions to Discharge
(Extended Coverage Upright and Pendent Spray Sprinklers).
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Elevation View

FIGURE 8.8.5.1.2(b) Obstructions Against Walls (Extended Coverage Upright and
Pendent Spray Sprinklers).

8.8.5.2 Obstructions to Sprinkler Discharge Pattern Development.
8.8.5.2.1 General.

8.8.5.2.1.1 Continuous or noncontinuous obstructions less than or equal to 18 in. (457 mm)
below the sprinkler deflector that prevent the pattern from fully developing shall comply with
8.8.5.2.

8.8.5.2.1.2 Regardless of the rules of this section, solid continuous obstructions shall meet
the applicable requirements of 8.8.5.1.2.

8.8.5.2.1.3* Unless the requirements of 8.8.5.2.1.4 through 8.8.5.2.1.7 are met, sprinklers
shall be positioned away from obstructions a minimum distance of four times the maximum
dimension of the obstruction (e.g., truss webs and chords, pipe, columns, and fixtures). The
maximum clear distance required shall be 36 in. (914 mm) in accordance with Figure
8.8.5.2.1.3.
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FIGURE 8.8.5.2.1.3 Minimum Distance from Obstruction (Extended Coverage
Upright and Pendent Spray Sprinklers).

8.8.5.2.1.4 Sprinklers shall be permitted to be spaced on opposite sides of the obstruction
where the distance from the centerline of the obstruction to the sprinklers does not exceed
one-half the allowable distance between sprinklers.

8.8.5.2.1.5 Sprinklers shall be permitted to be located one-half the distance between the
obstructions where the obstruction consists of wood bar joists 20 in. (0.51 m) or greater
apart, provided that the top and bottom chords of the wood bar joist are not greater than 4
in. (102 mm) (nominal) in width and bar members do not exceed 1 in. (25.4 mm) in width.

8.8.5.2.1.6 The requirements of 8.8.5.2.1.3 shall not apply to sprinkler system piping less
than 3 in. (80 mm) in diameter.

8.8.5.2.1.7 The requirements of 8.8.5.2.1.3 shall not apply to sprinklers positioned with
respect to obstructions in accordance with 8.8.5.1.2.

8.8.5.2.2 Suspended or Floor-Mounted Vertical Obstructions. The distance from
sprinklers to privacy curtains, freestanding partitions, room dividers, and similar obstructions
in light hazard occupancies shall be in accordance with Table 8.8.5.2.2 and Figure 8.8.5.2.2.

Table 8.8.5.2.2 Suspended or
Floor-Mounted Obstructions (Extended
Coverage Upright and Pendent Spray
Sprinklers) in Light Hazard Occupancies
Only
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sprinklers to privacy curtains, freestanding partitions, room dividers, and similar obstructions
in light hazard occupancies shall be in accordance with Table 8.8.5.2.2 and Figure 8.8.5.2.2.

Table 8.8.5.2.2 Suspended or
Floor-Mounted Obstructions (Extended
Coverage Upright and Pendent Spray
Sprinklers) in Light Hazard Occupancies
Only

Minimum Vertical
Distance Below Deflector
Horizontal Distance (4) (in.) (B)

6 in. or less 3

More than 6 in. to 9 in. 4
More than 9 in. to 12 in. 6
8

More than 12 in. to 15
n.

More than 15 in. to 18 9%,
in.

More than 18 in. to 24 12%%
in.

More than 24 in. to 30 15%
in.

More than 30 in. 18

For SI units, 1 in. = 25.4 mm.
Note: For (4) and (B), refer to Figure 8.8.5.2.2.

z Ceiling or roof

| A

-

L J

Floor

Elevation View

FIGURE 8.8.5.2.2 Suspended or Floor-Mounted Obstructions (Extended Coverage
Upright and Pendent Spray Sprinklers) in Light Hazard Occupancies Only.

8.8.5.2.2.1 In light hazard occupancies, privacy curtains that are supported by fabric mesh
on ceiling track and have openings in the mesh equal to 70 percent or greater and extend a
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minimum of 22 in. (559 mm) from ceiling shall not be considered obstructions as shown in
8.8.5.2.2.

8.8.5.3* Obstructions That Prevent Sprinkler Discharge from Reaching the Hazard.

8.8.5.3.1 Continuous or noncontinuous obstructions that interrupt the water discharge in a
horizontal plane more than 18 in. (457 mm) below the sprinkler deflector in a manner to limit
the distribution from reaching the protected hazard shall comply with 8.8.5.3.

8.8.5.3.2 Sprinklers shall be installed under fixed obstructions over 4 ft (1.2 m) wide such as
ducts, decks, open grate flooring, cutting tables, and overhead doors.

8.8.5.3.3 Sprinklers shall not be required under obstructions that are not fixed in place such
as conference tables.

8.8.5.3.4 Sprinklers installed under open gratings shall be of the intermediate level/rack
storage type or otherwise shielded from the discharge of overhead sprinklers.

8.8.6 Clearance to Storage (Extended Coverage Upright and Pendent Spray
Sprinklers).

8.8.6.1 The clearance between the deflector and the top of storage shall be 18 in. (457 mm)
or greater.

8.8.6.2 Where other standards specify greater clearance to storage minimums, they shall be
followed.

8.8.7 Ceiling Pockets.
8.8.7.1 Sprinklers shall be required in all ceiling pockets.
8.8.7.2 The requirements of 8.8.7.1 shall not apply where all of the following are met:

(1) The total volume of the unprotected ceiling pocket does not exceed 1000 ft3 (28.3
m3).

(2) The depth of the unprotected pocket does not exceed 36 in. (914 mm).

(3)  The entire floor under the unprotected ceiling pocket is protected by the sprinklers at
the lower ceiling elevation.

4) Each unprotected ceiling pocket is separated from any adjacent unprotected ceiling
pocket by a minimum 10 ft (3.05 m) horizontal distance.

(%) The unprotected ceiling pocket is constructed of noncombustible or limited
combustible construction.

(6) Skylights not exceeding 32 ft2 (3 m2) shall be permitted to have a plastic cover.

(7) Quick-response sprinklers are utilized throughout the compartment.

8.9 Extended Coverage Sidewall Spray Sprinklers.

8.9.1 General. All requirements of Section 8.5 shall apply to extended coverage sidewall
spray sprinklers except as modified in Section 8.9.
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8.9.2 Protection Areas per Sprinkler (Extended Coverage Sidewall Spray Sprinklers).
8.9.2.1* Determination of the Protection Area of Coverage.

8.9.2.1.1 The protection area of coverage per sprinkler (4,) for extended coverage sidewall
sprinklers shall be not less than that prescribed by the listing.

8.9.2.1.2 Listing dimensions shall be in 2 ft (0.61 m) increments up to 28 ft (8.5 m).
8.9.2.2 Maximum Protection Area of Coverage.

8.9.2.2.1 The maximum allowable protection area of coverage for a sprinkler (4,) shall be in
accordance with the value indicated in Table 8.9.2.2.1.

Table 8.9.2.2.1 Protection Area and Maximum Spacing for Extended Coverage Sidewal

Sprinklers
Light Hazard Ordinary Hazard
Protection Area Spacing Protection Area Spacing
Construction Type ft2 m? ft m ft2 m? ft m
Unobstructed, 400 37.2 28 8.5 400 37.2 24 7.3

smooth, flat

8.9.2.2.2 In any case, the maximum area of coverage of a sprinkler shall not exceed 400 fi2
(37.2 m2).

8.9.3 Sprinkler Spacing (Extended Coverage Sidewall Spray Sprinklers).
8.9.3.1 Maximum Distance Between Sprinklers.

8.9.3.1.1 The maximum distance permitted between sprinklers shall be based on the
centerline distance between sprinklers on the branch line along the wall.

8.9.3.1.2 Where sprinklers are installed along the length of a single wall of rooms or bays,
they shall be spaced in accordance with the maximum spacing provisions of Table 8.9.2.2.1.

8.9.3.1.3 Sidewall sprinklers shall not be installed back-to-back without being separated by a
continuous lintel, soffit, or baffle.

8.9.3.1.4 Sidewall sprinklers shall be permitted to be installed on opposing or adjacent walls,
provided no sprinkler is located within the maximum protection area of another sprinkler.

8.9.3.2 Maximum Distance from Walls. The distance from sprinklers to the end walls shall
not exceed one-half of the allowable distance permitted between sprinklers as indicated in
Table 8.9.2.2.1.

8.9.3.3 Minimum Distance from Walls.
8.9.3.3.1 Sprinklers shall be located a minimum of 4 in. (102 mm) from an end wall.

8.9.3.3.2 The distance from the wall to the sprinkler shall be measured perpendicular to the
wall.
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8.9.3.4 Minimum Distance Between Sprinklers. No sprinklers shall be located within the
maximum protection area of any other sprinkler.

8.9.4 Deflector Position from Ceilings and Walls (Extended Coverage Sidewall Spray
Sprinklers).

8.9.4.1 Distance Below Ceilings and from Walls to Which Sprinklers Are Mounted.
8.9.4.1.1 Ceilings.

8.9.4.1.1.1 Unless the requirements of 8.9.4.1.1.2 are met, sidewall sprinkler deflectors shall
be located not more than 6 in. (152 mm) nor less than 4 in. (102 mm) from ceilings.

8.9.4.1.1.2 Horizontal sidewall sprinklers shall be permitted to be located in a zone 6 in. to
12 in. (152 mm to 305 mm) or 12 in. to 18 in. (305 mm to 457 mm) below noncombustible
or limited-combustible ceilings where listed for such use.

8.9.4.1.2 Walls.

8.9.4.1.2.1 Sidewall sprinkler deflectors shall be located not more than 6 in. (152 mm) or
less than 4 in. (102 mm) from walls on which they are mounted.

8.9.4.1.2.2 Horizontal sidewall sprinklers shall be permitted to be located with their
deflectors less than 4 in. (102 mm) from the wall on which they are mounted.

8.9.4.1.3 Lintels and Soffits.

8.9.4.1.3.1* Where soffits used for the installation of sidewall sprinklers are less than or
equal to 8 in. (203 mm) in width or projection from the wall, additional sprinklers shall not
be required below the soffit when the sidewall sprinkler on the softit is within 4 in. (102 mm)
from the bottom of the soffit.

8.9.4.1.3.2* A sidewall sprinkler shall be permitted to be installed under a soffit when both
the minimum distance from the sprinkler deflector to the bottom of the soffit and the
maximum distance from the sprinkler deflector to the high ceiling are maintained.

8.9.4.1.4* Soffits and Cabinets in Residential Areas/Occupancies. Where soffits are
used for the installation of sidewall sprinklers, the sprinklers and soffits shall be installed in
accordance with 8.9.4.1.4.1, 8.9.4.1.4.2, or 8.9.4.1.4.3.

8.9.4.1.4.1 Where soffits exceed more than 8§ in. (203 mm) in width or projection from the
wall, pendent sprinklers shall be installed under the soffit.

8.9.4.1.4.2 Sidewall sprinklers shall be permitted to be installed in the face of a soffit located
directly over cabinets, without requiring additional sprinklers below the soffit or cabinets,
where the soffit does not project horizontally more than 12 in. (305 mm) from the wall.

8.9.4.1.4.3 Where sidewall sprinklers are more than 3 ft (0.91 m) above the top of cabinets,
the sprinkler shall be permitted to be installed on the wall above the cabinets where the
cabinets are no greater than 12 in. (305 mm) from the wall.

8.9.4.2 Deflector Orientation.
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8.9.4.2.1 Deflectors of sprinklers shall be aligned parallel to ceilings or roofs.

8.9.4.2.2 Sidewall sprinklers, where installed under a sloped ceiling with a slope exceeding 2
in 12, shall be located at the high point of the slope and positioned to discharge downward
along the slope.

8.9.4.2.3 Sidewall sprinklers specifically listed for other ceiling configurations shall be
permitted to be installed in accordance with the listing requirements.

8.9.5 Obstructions to Sprinkler Discharge (Extended Coverage Sidewall Spray
Sprinklers).

8.9.5.1 Performance Objective.

8.9.5.1.1 Sprinklers shall be located so as to minimize obstructions to discharge as defined

in 8.5.5.2 and 8.5.5.3, or additional sprinklers shall be provided to ensure adequate coverage
of the hazard.

8.9.5.1.2 Sidewall sprinklers shall be installed no closer than 8 ft (2.4 m) from light fixtures
or similar obstructions.

8.9.5.1.3 The distance between light fixtures or similar obstructions located more than 8 ft
(2.4 m) from the sprinkler shall be in conformity with Table 8.9.5.1.3 and Figure 8.9.5.1.3.

Table 8.9.5.1.3 Positioning of Sprinklers to Avoid
Obstructions (Extended Coverage Sidewall

Sprinklers)
Distance from Sidewall Maximum Allowable Distance of
Sprinkler to Side of Deflector Above Bottom of
Obstruction (4) Obstruction (in.) (B)
Less than 8 ft Not allowed
8 ft to less than 10 ft 1
10 ft to less than 11 ft 2
11 ft to less than 12 ft 3
12 ft to less than 13 ft 4
13 ft to less than 14 ft 6
14 ft to less than 15 ft 7
15 ft to less than 16 ft 9
16 ft to less than 17 ft 11

17 ft or greater 14

For SI units, 1 in. =25.4 mm; 1 ft = 0.3048 m.
Note: For (4) and (B), refer to Figure 8.9.5.1.3.
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FIGURE 8.9.5.1.3 Positioning of Sprinklers to Avoid Obstructions (Extended
Coverage Sidewall Sprinklers).

8.9.5.1.4 Continuous obstructions projecting from the same wall as the one on which the
sidewall sprinkler is mounted shall be in accordance with Table 8.9.5.1.4 and Figure
8.9.5.1.4.

Table 8.9.5.1.4 Positioning of Sprinklers to
Avoid Obstructions Along the Wall (Extended
Coverage Sidewall Spray Sprinklers)

Distance from Sidewall = Maximum Allowable Distance
Sprinkler to Side of of Deflector Above Bottom of
Obstruction (4) Obstruction (in.) (B)

Less than 1 ft 6 in. 0
1 ft 6 in. to less than 3 ft
3 ft to less than 4 ft

4 ft to less than 4 ft 6 in.
4 ft 6 in. to less than 6 ft
6 ft to less than 6 ft 6 in.
6 ft 6 in. to less than 7 ft
7 ft to less than 7 ft 6 in. 14

O 3 D W =

—
—

For SI units, 1 in. =25.4 mm; 1 ft = 0.3048 m.
Note: For (4) and (B), refer to Figure 8.9.5.1.4.
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FIGURE 8.9.5.1.4 Positioning of Sprinklers to Avoid Obstructions Along the Wall
(Extended Coverage Sidewall Spray Sprinklers).

8.9.5.1.5 Sprinklers shall be permitted to be spaced on opposite sides of obstructions less
than 4 ft (1.22 m) in width where the distance from the centerline of the obstruction to the
sprinklers does not exceed one-half the allowable distance between sprinklers.

8.9.5.2 Obstructions to Sprinkler Discharge Pattern Development.
8.9.5.2.1 General.

8.9.5.2.1.1 Continuous or noncontinuous obstructions less than or equal to 18 in. (457 mm)
below the sprinkler deflector that prevent the pattern from fully developing shall comply with
this section.

8.9.5.2.1.2 Regardless of the rules of this section, solid continuous obstructions shall meet
the requirements of 8.9.5.1.2 and 8.9.5.1.3.

8.9.5.2.1.3* Unless the requirements of 8.9.5.2.1.4 through 8.9.5.2.1.6 are met, sprinklers
shall be positioned away from obstructions a minimum distance of four times the maximum
dimension of the obstruction (e.g., truss webs and chords, pipe, columns, and fixtures). The
maximum clear distance required shall be 36 in. (914 mmm) from the sprinkler.

8.9.5.2.1.4 Sidewall sprinklers shall be positioned in accordance with Figure 8.9.5.2.1.4
when obstructions are present.
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FIGURE 8.9.5.2.1.4 Minimum Distance from Obstruction (Extended Coverage
Sidewall).

8.9.5.2.1.5 The requirements of 8.9.5.2.1.3 and 8.9.5.2.1.4 shall not apply where sprinklers
are positioned with respect to obstructions in accordance with 8.9.5.1.2 and 8.9.5.1.3.

8.9.5.2.1.6 The requirements of 8.9.5.2.1.3 shall not apply to sprinkler system piping less
than 3 in. (80 mm) in diameter.

8.9.5.2.2 Suspended or Floor-Mounted Vertical Obstructions. The distance from
sprinklers to privacy curtains, freestanding partitions, room dividers, and similar obstructions
in light hazard occupancies shall be in accordance with Table 8.9.5.2.2 and Figure 8.9.5.2.2.

Table 8.9.5.2.2 Suspended or Floor-Mounted
Obstructions (Extended Coverage Sidewall
Sprinklers) in Light Hazard Occupancies Only

Minimum Allowable Distance
Horizontal Distance (4) Below Deflector (in.) (B)

6 in. or less 3
More than 6 in. to 9 in. 4
More than 9 in. to 12 in. 6
More than 12 in. to 15 in. 8
More than 15 in. to 18 in. 9%
More than 18 in. to 24 in. 12%5
More than 24 in. to 30 in. 15%
More than 30 in. 18

For SI units, 1 in. = 25.4 mm.
Note: For (4) and (B), refer to Figure 8.9.5.2.2.
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FIGURE 8.9.5.2.2 Suspended or Floor-Mounted Obstructions (Extended Coverage
Sidewall Sprinklers) in Light Hazard Occupancies Only.
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8.9.5.2.2.1* In light hazard occupancies, privacy curtains that are supported by fabric mesh
on ceiling track and have openings in the mesh equal to 70 percent or greater and extend a
minimum of 22 in. (559 mm) from the ceiling shall not be considered obstructions as shown
in 8.9.5.2.2.

8.9.5.3* Obstructions That Prevent Sprinkler Discharge from Reaching the Hazard.

8.9.5.3.1 Continuous or noncontinuous obstructions that interrupt the water discharge in a
horizontal plane more than 18 in. (457 mm) below the sprinkler deflector in a manner to limit
the distribution from reaching the protected hazard shall comply with this section.

8.9.5.3.2 Sprinklers shall be installed under fixed obstructions over 4 ft (1.2 m) wide, such
as ducts, decks, open grate flooring, cutting tables, and overhead doors.

8.9.5.3.3 Sprinklers shall not be required under obstructions that are not fixed in place, such
as conference tables.

8.10 Residential Sprinklers.

8.10.1 Reserved

8.10.2* Listings.

8.10.2.1 Areas of coverage shall be in accordance with the manufacturer's listing.

8.10.2.2 Where residential sprinklers are installed on a slope greater than 2 in 12, they shall
be listed for this application.

8.10.3 Distances Between Sprinklers.

8.10.3.1 Maximum distances between sprinklers shall be in accordance with the
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manufacturer's listing.

8.10.3.2 The distance between the sprinkler and the wall shall not exceed half the maximum
allowable distance between sprinklers per the manufacturer's listing.

8.10.3.3 The minimum distance between sprinklers within a compartment shall be 8 ft (2.44
m), unless the listing of the sprinkler requires a greater distance.

8.10.3.4 The maximum distance shall be measured along the slope of the ceiling as shown in
Figure 8.10.3.4(a) and Figure 8.10.3.4(b).

Measured on slope

FIGURE 8.10.3.4(a) Maximum Distance Between Sprinklers with Sloped Ceilings —
Arrangement A.
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FIGURE 8.10.3.4(b) Maximum Distance Between Sprinklers with Sloped Ceilings —
Arrangement B.

8.10.3.5 Where sprinklers are installed along sloped ceilings, the sprinklers shall maintain the
minimum listed spacing, but no less than 8 ft (2.44 m), measured in the plan view from one
sprinkler to another as shown in Figure 8.10.3.5(a) and Figure 8.10.3.5(b).

I'I.Einimum listed spaci:lg
but not less than 8 it (2.44 m)

Elevation View

FIGURE 8.10.3.5(a) Minimum Distance Between Sprinklers with Sloped Ceilings —
Arrangement A.
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FIGURE 8.10.3.5(b) Minimum Distance Between Sprinklers with Sloped Ceilings —
Arrangement B.

8.10.4 Deflector Position from Ceilings and Walls.

8.10.4.1 Pendent and upright sprinklers shall be positioned so that the deflectors are 1 in. to
4 in. (25 mm to 102 mm) from the ceiling unless the listing allows a greater distance.

8.10.4.2 Sidewall sprinklers shall be positioned so that the deflectors are within 4 in. to 6 in.
(102 mm to 152 mm) from the ceiling unless the listing allows greater distances.

8.10.4.3 Where soffits used for the installation of sidewall sprinklers exceed 8 in. (203 mm)
in width or projection from the wall, additional sprinklers shall be installed below the soffit.

8.10.5 Residential sprinklers installed in conformance with this standard shall follow the
sprinkler obstruction rules of 8.10.6 or 8.10.7 as appropriate for their installation orientation
(upright, pendent, or sidewall) and the obstruction criteria specified in the manufacturer's
installation instructions.

8.10.6 Obstructions to Sprinkler Discharge (Residential Upright and Pendent Spray
Sprinklers).

8.10.6.1 Performance Objective.

8.10.6.1.1 Sprinklers shall be located so as to minimize obstructions to discharge as defined
in 8.10.6.2 and 8.10.6.3, or additional sprinklers shall be provided to ensure adequate
coverage of the hazard.

8.10.6.1.2 Sprinklers shall be arranged to comply with one of the following arrangements:

(1) Sprinklers shall be in accordance with 8.5.5.2, Table 8.10.6.1.2, and Figure
8.10.6.1.2(a).

(2) Sprinklers shall be permitted to be spaced on opposite sides of obstructions not
exceeding 4 ft (1.2 m) in width, provided the distance from the centerline of the
obstruction to the sprinklers does not exceed one-half the allowable distance
permitted between sprinklers.

3) Obstructions located against the wall and that are not over 30 in. (762 mm) in width
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shall be permitted to be protected in accordance with Figure 8.10.6.1.2(b).

Table 8.10.6.1.2 Position of Sprinklers to Avoid
Obstructions to Discharge (Residential Upright
and Pendent Spray Sprinklers)

Maximum Allowable
Distance of Deflector Above
Distance from Sprinklers to  Bottom of Obstruction (in.)
Side of Obstruction (A4) (B)

Less than 1 ft

1 ft to less than 1 ft 6 in.
1 ft 6 in. to less than 2 ft
2 ft to less than 2 ft 6 in.
2 ft 6 in. to less than 3 ft
3 ft to less than 3 ft 6 in.
3 ft 6 in. to less than 4 ft
4 ft to less than 4 ft 6 in.
4 ft 6 in. to less than 5 ft
5 ft to less than 5 ft 6 in.
5 ft 6 in. to less than 6 ft
6 ft to less than 6 ft 6 in.
6 ft 6 in. to less than 7 ft
7 ft and greater 14

O 1 9 0 N W W= == O O

—
—

For SI units, 1 in. =25.4 mm; 1 ft = 0.3048 m.
Note: For (4) and (B), refer to Figure 8.10.6.1.2(a).
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FIGURE 8.10.6.1.2(a) Position of Sprinklers to Avoid Obstructions to Discharge
(Residential Upright and Pendent Spray Sprinklers).

Copyright NFPA



M Ceiling

S

.-

Obstruction

o A

Az(D-8in)+ 8
Wall [Az(D-02m)+ 8]
whare: D= 30 in. (0.8 m)

Elevation View

FIGURE 8.10.6.1.2(b) Obstructions Against Walls (Residential Upright and Pendent
Spray Sprinklers).

8.10.6.2 Obstructions to Sprinkler Discharge Pattern Development.
8.10.6.2.1 General.

8.10.6.2.1.1 Continuous or noncontinuous obstructions less than or equal to 18 in. (457
mm) below the sprinkler deflector that prevent the pattern from fully developing shall comply
with 8.10.6.2.

8.10.6.2.1.2 Regardless of the rules of this section, solid continuous obstructions shall meet
the applicable requirements of 8.10.6.1.2.

8.10.6.2.1.3*% Unless the requirements of 8.10.6.2.1.4 through 8.10.6.2.1.8 are met,
sprinklers shall be positioned away from obstructions a minimum distance of four times the
maximum dimension of the obstruction (e.g., truss webs and chords, pipe, columns, and
fixtures). The maximum clear distance required shall be 36 in. (914 mm) in accordance with
Figure 8.10.6.2.1.3.
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FIGURE 8.10.6.2.1.3 Minimum Distance from Obstruction (Residential Upright and
Pendent Spray Sprinklers).

8.10.6.2.1.4 Sprinklers shall be permitted to be spaced on opposite sides of the obstruction
where the distance from the centerline of the obstruction to the sprinklers does not exceed
one-half the allowable distance between sprinklers.

8.10.6.2.1.5 Sprinklers shall be permitted to be located one-half the distance between the
obstructions where the obstruction consists of open trusses 20 in. (0.51 m) or greater apart
[24 in. (0.61 m) on center], provided that all truss members are not greater than 4 in. (102
mm) (nominal) in width and web members do not exceed 1 in. (25.4 mm) in width.

8.10.6.2.1.6 Sprinklers shall be permitted to be installed on the centerline of a truss or bar
joist or directly above a beam provided that the truss chord or beam dimension is not more
than 8 in. (203 mm) and the sprinkler deflector is located at least 6 in. (152 mm) above the
structural member and where the sprinkler is positioned at a distance four times greater than
the maximum dimension of the web members away from the web members.

8.10.6.2.1.7 The requirements of 8.10.6.2.1.3 shall not apply to sprinkler system piping less
than 3 in. (80 mm) in diameter.

8.10.6.2.1.8 The requirements of 8.10.6.2.1.3 shall not apply to sprinklers positioned with
respect to obstructions in accordance with 8.10.6.1.2.

8.10.6.2.2 Suspended or Floor-Mounted Vertical Obstructions. The distance from
sprinklers to privacy curtains, free-standing partitions, room dividers, and similar
obstructions in light hazard occupancies shall be in accordance with Table 8.10.6.2.2 and
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8.10.6.2.1.7 'The requirements ot 8.10.6.2.1.3 shall not apply to sprinkler system piping less
than 3 in. (80 mm) in diameter.

8.10.6.2.1.8 The requirements of 8.10.6.2.1.3 shall not apply to sprinklers positioned with
respect to obstructions in accordance with 8.10.6.1.2.

8.10.6.2.2 Suspended or Floor-Mounted Vertical Obstructions. The distance from
sprinklers to privacy curtains, free-standing partitions, room dividers, and similar
obstructions in light hazard occupancies shall be in accordance with Table 8.10.6.2.2 and
Figure 8.10.6.2.2.

Table 8.10.6.2.2 Suspended or
Floor-Mounted Obstructions (Residential
Upright and Pendent Spray Sprinklers)
in Light Hazard Occupancies Only

Minimum Vertical
Distance Below Deflector

Horizontal Distance (4) (in.) (B)
6 in. or less 3
More than 6 in. to 9 in. 4
More than 9 in. to 12 in. 6
More than 12 in. to 15 in. 8
More than 15 in. to 18 in. 9%
More than 18 in. to 24 in. 12%
More than 24 in. to 30 in. 15%
More than 30 in. 18

For SI units, 1 in. = 25.4 mm.
Note: For (4) and (B), refer to Figure
8.10.6.2.2.
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FIGURE 8.10.6.2.2 Suspended or Floor-Mounted Obstructions (Residential Upright
and Pendent Spray Sprinklers) in Light Hazard Occupancies Only.

8.10.6.3* Obstructions That Prevent Sprinkler Discharge from Reaching the Hazard.

8.10.6.3.1 Continuous or noncontinuous obstructions that interrupt the water discharge in a
horizontal plane more than 18 in. (457 mm) below the sprinkler deflector in a manner to limit
the distribution from reaching the protected hazard shall comply with 8.10.6.3.

8.10.6.3.2 Sprinklers shall be installed under fixed obstructions over 4 ft (1.2 m) wide such
as stairs and landings.

8.10.6.3.3 Sprinklers shall not be required under obstructions that are not fixed in place.

8.10.6.3.4 Sprinklers installed under open gratings shall be shielded from the discharge of
overhead sprinklers.

8.10.7 Obstructions to Sprinkler Discharge (Residential Sidewall Spray Sprinklers).
8.10.7.1 Performance Objective.

8.10.7.1.1 Sprinklers shall be located so as to minimize obstructions to discharge as defined
in 8.5.5.2 and 8.5.5.3, or additional sprinklers shall be provided to ensure adequate coverage
of the hazard.

8.10.7.1.2 Sidewall sprinklers shall be installed no closer than 8 ft (2.4 m) from light fixtures
or similar obstructions.

8.10.7.1.3 The distance between light fixtures or similar obstructions located more than 8 ft
(2.4 m) from the sprinkler shall be in conformity with Table 8.10.7.1.3 and Figure 8.10.7.1.3.

Table 8.10.7.1.3 Positioning of Sprinklers to
Avoid Obstructions (Residential Sidewall
Sprinklers)
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or similar obstructions.

8.10.7.1.3 The distance between light fixtures or similar obstructions located more than 8 ft
(2.4 m) from the sprinkler shall be in conformity with Table 8.10.7.1.3 and Figure 8.10.7.1.3.

Table 8.10.7.1.3 Positioning of Sprinklers to
Avoid Obstructions (Residential Sidewall

Sprinklers)
Maximum Allowable
Distance from Sidewall Distance of Deflector Above
Sprinkler to Side of Bottom of Obstruction (in.)
Obstruction (4) (B)
Less than 8 ft Not Allowed
8 ft to less than 10 ft 1

10 ft to less than 11 ft
11 ft to less than 12 ft
12 ft to less than 13 ft
13 ft to less than 14 ft
14 ft to less than 15 ft
15 ft to less than 16 ft
16 ft to less than 17 ft
17 ft or greater 14

O 9 N B W N

—
—

For SI units, 1 in. =25.4 mm; 1 ft = 0.3048 m.
Note: For (4) and (B), refer to Figure 8.10.7.1.3.

Ceiling or roof

Obstruction

Wall

ALOMMIHMMMIEHHHHHIIIMINSG

Elevation View

FIGURE 8.10.7.1.3 Positioning of Sprinklers to Avoid Obstructions (Residential
Sidewall Sprinklers).

8.10.7.1.4 Obstructions projecting from the same wall as the one on which the sidewall
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.3 Positioning of Sprinklers to Avoid Obstructions (Residential

Sidewall Sprinklers).

8.10.7.1.4 Obstructions projecting from the same wall as the one on which the sidewall
sprinkler is mounted shall be in accordance with Table 8.10.7.1.4 and Figure 8.10.7.1.4.

Table 8.10.7.1.4 Positioning of Sprinklers to
Avoid Obstructions Along the Wall (Residential
Sidewall Sprinklers)

Distance from Sidewall
Sprinkler to
Side of Obstruction (4)

Maximum Allowable
Distance of Deflector
Above Bottom of
Obstruction (in.) (B)

Less than 1 ft 6 in.

1 ft 6 in. to less than 3 ft
3 ft to less than 4 ft

4 ft to less than 4 ft 6 in.
4 ft 6 in. to less than 6 ft
6 ft to less than 6 ft 6 in.
6 ft 6 in. to less than 7 ft
7 ft to less than 7 ft 6 in.

0

O 3 D W =

—
—

14
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For SI units, 1 in. =25.4 mm; 1 ft = 0.3048 m.
Note: For (4) and (B), refer to Figure 8.10.7.1.4.
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FIGURE 8.10.7.1.4 Positioning of Sprinklers to Avoid Obstructions Along the Wall
(Residential Sidewall Sprinklers).

8.10.7.1.5* Soffits and Cabinets. Where soffits are used for the installation of sidewall
sprinklers, the sprinklers and soffits shall be installed in accordance with 8.10.7.1.5.1,
8.10.7.1.5.2, or 8.10.7.1.5.3.

8.10.7.1.5.1 Where soffits exceed more than 8 in. (203 mm) in width or projection from the
wall, pendent sprinklers shall be installed under the soffit.

8.10.7.1.5.2 Sidewall sprinklers shall be permitted to be installed in the face of a soffit
located directly over cabinets, without requiring additional sprinklers below the soffit or
cabinets, where the soffit does not project horizontally more than 12 in. (305 mm) from the
wall.

8.10.7.1.5.3 Where sidewall sprinklers are more than 3 ft (914 mm) above the top of
cabinets, the sprinkler shall be permitted to be installed on the wall above the cabinets where
the cabinets are no greater than 12 in. (305 mm) from the wall.

8.10.7.2 Obstructions to Sprinkler Discharge Pattern Development.
8.10.7.2.1 General.

8.10.7.2.1.1 Continuous or noncontinuous obstructions less than or equal to 18 in. (457
mm) below the sprinkler deflector that prevent the pattern from fully developing shall comply
with this section.

8.10.7.2.1.2 Regardless of the rules of this section, solid continuous obstructions shall meet
the requirements of 8.10.7.1.2 and 8.10.7.1.3.

8.10.7.2.1.3* Unless the requirements of 8.10.7.2.1.4 through 8.10.7.2.1.7 are met,
sprinklers shall be positioned away from obstructions a minimum distance of four times the
maximum dimension of the obstruction. The maximum clear distance required shall be 36 in.
(914 mm) from the sprinkler (e.g., truss webs and chords, pipe, columns, and fixtures).

8.10.7.2.1.4 Sidewall sprinklers shall be positioned in accordance with Figure 8.10.7.2.1.4
when obstructions are present.
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FIGURE 8.10.7.2.1.4 Minimum Distance from Obstruction (Residential Sidewall).

8.10.7.2.1.5 The requirements of 8.10.7.2.1.3 and 8.10.7.2.1.4 shall not apply where
sprinklers are positioned with respect to obstructions in accordance with 8.10.7.1.2 and
8.10.7.1.3.

8.10.7.2.1.6 The requirements of 8.10.7.2.1.3 shall not apply to sprinkler system piping less
than 3 in. (80 mm) in diameter.

8.10.7.2.1.7*% Sprinklers shall be permitted to be placed without regard to the blades of a
ceiling fan, provided the plan view of the fan is at least 50 percent open.

8.10.7.2.2 Suspended or Floor-Mounted Vertical Obstructions. The distance from
sprinklers to privacy curtains, free-standing partitions, room dividers, and similar
obstructions in light hazard occupancies shall be in accordance with Table 8.10.7.2.2 and
Figure 8.10.7.2.2.

Table 8.10.7.2.2 Suspended or Floor-Mounted
Obstructions (Residential Sidewall Sprinklers) in
Light Hazard Occupancies Only

Minimum Allowable
Distance Below Deflector

Horizontal Distance (4) (in.) (B)
6 in. or less 3
More than 6 in. to 9 in. 4
More than 9 in. to 12 in. 6
More than 12 in. to 15 in. 8
More than 15 in. to 18 in. 9%
More than 18 in. to 24 in. 12%5
More than 24 in. to 30 in. 15%
More than 30 in. 18
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Table 8.10.7.2.2 Suspended or Floor-Mounted
Obstructions (Residential Sidewall Sprinklers) in
Light Hazard Occupancies Only

Minimum Allowable
Distance Below Deflector
Horizontal Distance (4) (in.) (B)

For SI units, 1 in. = 25.4 mm.
Note: For (4) and (B), refer to Figure 8.10.7.2.2.
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FIGURE 8.10.7.2.2 Suspended or Floor-Mounted Obstructions (Residential Sidewall
Sprinklers) in Light Hazard Occupancies Only.

8.10.7.3* Obstructions That Prevent Sprinkler Discharge from Reaching the Hazard.

8.10.7.3.1 Continuous or noncontinuous obstructions that interrupt the water discharge in a
horizontal plane more than 18 in. (457 mm) below the sprinkler deflector in a manner to limit
the distribution from reaching the protected hazard shall comply with this section.

8.10.7.3.2 Sprinklers shall be installed under fixed obstructions over 4 ft (1.2 m) wide, such
as ducts, stairs, and landings.

8.10.7.3.3 Sprinklers shall not be required under obstructions that are not fixed in place.

8.10.7.3.4 Sprinklers installed under open gratings shall be shielded from the discharge of
overhead sprinklers.

8.11 Large Drop Sprinklers.

8.11.1 General. All requirements of Section 8.5 shall apply to large drop sprinklers except
as modified in Section 8.11.
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8.11.2* Protection Areas per Sprinkler (Large Drop Sprinklers).

8.11.2.1 Determination of the Protection Area of Coverage. The protection area of
coverage per sprinkler (4) shall be determined in accordance with 8.5.2.1.

8.11.2.2 Maximum Protection Area of Coverage.

8.11.2.2.1 The maximum allowable protection area of coverage for a sprinkler (4) shall be
in accordance with the value indicated in Table 8.11.2.2.1.

Table 8.11.2.2.1 Protection Areas and
Maximum Spacing for Large Drop

Sprinklers
Protection Maximum
Area Spacing

Construction ft2 m? ft m
Type
Noncombustible 130 12.1 12 3.7
unobstructed
Noncombustible 130 12.1 12 3.7
obstructed
Combustible 130 12.1 12 3.7
unobstructed
Combustible 100 9.3 10 3.1
obstructed
Rack storage 100 9.3 10 3.1
applications

8.11.2.2.2 In any case, the maximum area of coverage of any sprinkler shall not exceed 130
ft2 (12.9 m2).

8.11.2.3 Minimum Protection Area of Coverage. The minimum allowable protection area
of coverage for a sprinkler (4;) shall be not less than 80 ft2 (7.4 m2).

8.11.3 Sprinkler Spacing (Large Drop Sprinklers).
8.11.3.1* Maximum Distance Between Sprinklers.

8.11.3.1.1 Under unobstructed and obstructed noncombustible construction and
unobstructed combustible construction, the distance between sprinklers shall be limited to
not more than 12 ft (3.7 m) between sprinklers, as shown in Table 8.11.2.2.1.

8.11.3.1.2 Under obstructed combustible construction, the maximum distance shall be
limited to 10 ft (3 m).

8.11.3.2 Maximum Distance from Walls. The distance from sprinklers to walls shall not
exceed one-half of the allowable distance permitted between sprinklers as indicated in Table
8.11.2.2.1.
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8.11.3.3 Minimum Distance from Walls. Sprinklers shall be located a minimum of 4 in.
(102 mm) from a wall.

8.11.3.4 Minimum Distance Between Sprinklers. Sprinklers shall be spaced not less than 8
ft (2.4 m) on center.

8.11.4 Deflector Position (Large Drop Sprinklers).
8.11.4.1* Distance Below Ceilings.

8.11.4.1.1 Unobstructed Construction. Under unobstructed construction, the distance
between the sprinkler deflector and the ceiling shall be a minimum of 6 in. (152 mm) and a
maximum of 8§ in. (203 mm).

8.11.4.1.2 Obstructed Construction. Under obstructed construction, the sprinkler deflector
shall be located in accordance with one of the following arrangements:

(D) Installed with the deflectors located a minimum of 6 in. (152 mm) and a maximum of
12 in. (305 mm) from the ceiling.

(2) Installed with the deflectors within the horizontal planes 1 in. to 6 in. below wood
joist or composite wood joist construction, to a maximum distance of 22 in. (559
mm) below the ceiling/roof or deck.

3) Installed with deflectors of sprinklers under concrete tee construction with stems
spaces less than 7% ft (2.3 m) but more than 3 ft (0.9 m) on centers, regardless of the
depth of the tee, located at or above a horizontal plane 1 in. (25.4 mm) below the
bottom of the stems of the tees and shall comply with Table 8.11.5.1.2.

8.11.4.2 Deflector Orientation. Deflectors of sprinklers shall be aligned parallel to ceilings
or roofs.

8.11.5* Obstructions to Sprinkler Discharge (Large Drop Sprinklers).
8.11.5.1 Performance Objective.

8.11.5.1.1 Sprinklers shall be located so as to minimize obstructions to discharge as defined
in 8.5.5.2 and 8.5.5.3, or additional sprinklers shall be provided to ensure adequate coverage
of the hazard.

8.11.5.1.2 Sprinklers shall be arranged to comply with 8.5.5.2, Table 8.11.5.1.2, and Figure
8.11.5.1.2.

Table 8.11.5.1.2 Positioning of Sprinklers to
Avoid Obstructions to Discharge (Large Drop
Sprinkler)

Maximum Allowable
Distance of Deflector Above
Distance from Sprinkler to  Bottom of Obstruction (in.)

Side of Obstruction (A4) (B)
Less than 1 ft 0
1 ft to less than 1 ft 6 in. 1%
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Table 8.11.5.1.2 Positioning of Sprinklers to
Avoid Obstructions to Discharge (Large Drop
Sprinkler)

Maximum Allowable
Distance of Deflector Above
Distance from Sprinkler to Bottom of Obstruction (in.)

Side of Obstruction (A4) (B)
1 ft 6 in. to less than 2 ft 3
2 ft to less than 2 ft 6 in. 5%
2 ft 6 in. to less than 3 ft 8
3 ft to less than 3 ft 6 in. 10
3 ft 6 in. to less than 4 ft 12
4 ft to less than 4 ft 6 in. 15
4 ft 6 in. to less than 5 ft 18
5 ft to less than 5 ft 6 in. 22
5 ft 6 in. to less than 6 ft 26
6 ft 31

For SI units, 1 in. =25.4 mm; 1 ft = 0.3048 m.
Note: For (4) and (B), refer to Figure 8.11.5.1.2.

Ceiling

-

Obstruction

A

- i
FIGURE 8.11.5.1.2 Positioning of Sprinklers to Avoid Obstructions to Discharge
(Large Drop Sprinkler).

8.11.5.1.3 The requirements of 8.11.5.1.2 shall not apply where sprinklers are positioned on
opposite sides of the obstruction.

8.11.5.2 Obstructions to Sprinkler Discharge Pattern Development.
8.11.5.2.1 General.

8.11.5.2.1.1 Continuous or noncontinuous obstructions less than or equal to 36 in. (914
mm) below the sprinkler deflector that prevent the pattern from fully developing shall comply
with 8.11.5.2.
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8.11.5.2.1.2 Regardless of the rules of this section, solid continuous obstructions shall meet
the requirements of 8.11.5.1.2 or 8.11.5.1.3.

8.11.5.2.1.3* Unless the requirements of 8.11.5.1.2 or 8.11.5.1.3 are met, for obstructions 8
in. (203 mm) or less in width, as shown in Figure 8.11.5.2.1.3, sprinklers shall be positioned
such that they are located at least a distance three times greater than the maximum dimension
of the obstruction from the sprinkler (e.g., webs and chord members, pipe, columns, and
fixtures).

0| - Ceiling

I T Sprinkler Open web stesal
o . or wood truss
C, ST
. A
Chbstruction
-3 'q T
| C'i
.o

Plan View of Column Elevation View of Truss

Az3Cor 30
(Use dimension Cor 0, whichever is greater)

FIGURE 8.11.5.2.1.3 Minimum Distance from Obstruction (Large Drop Sprinkler).

8.11.5.2.2 Branch Lines. Sprinklers shall be positioned with respect to branch lines in
accordance with one of the following:

(1) Sprinklers shall be permitted to be attached directly to branch lines less than or equal
to 2 in. (51 mm) nominal in diameter.

(2) Sprinklers shall be permitted to be offset horizontally a minimum of 12 in. (305 mm)
from the pipe.

3) Sprinklers shall be permitted to be supplied by a riser nipple to elevate the sprinkler
deflector a minimum of 13 in. (330 mm) from the centerline of 2% in. (64 mm) pipe.

4) Sprinklers shall be permitted to be supplied by a riser nipple to elevate the sprinkler
deflector a minimum of 15 in. (380 mm) from the centerline of 3 in. (76 mm) pipe.

8.11.5.3* Obstructions that Prevent Sprinkler Discharge from Reaching the Hazard.

8.11.5.3.1 Continuous or noncontinuous obstructions that interrupt the water discharge in a
horizontal plane below the sprinkler deflector in a manner to limit the distribution from
reaching the protected hazard shall comply with 8.11.5.3.

8.11.5.3.2 Sprinklers shall be positioned with respect to fluorescent lighting fixtures, ducts,
and obstructions more than 24 in. (610 mm) wide and located entirely below the sprinklers
so that the minimum horizontal distance from the near side of the obstruction to the center of
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the sprinkler is not less than the value specified in Table 8.11.5.3.2 and Figure 8.11.5.3.2.

Table 8.11.5.3.2 Obstruction Entirely Below the
Sprinkler (Large Drop Sprinkler)

Distance of Deflector

Above Bottom of Minimum Distance to Side of
Obstruction (B) Obstruction (ft) (4)

Less than 6 in. 15

6 in. to less than 12 in. 3

12 in. to less than 18 in. 4

18 in. to less than 24 in. 5

24 in. to less than 30 in. 5%

30 in. to less than 36 in. 6

For SI units, 1 in. =25.4 mm; 1 ft = 0.3048 m.
Note: For (4) and (B), refer to Figure 8.11.5.3.2.

Ceiling

24 in. (G10 mm) or more E

| -l
| | =

/O0O0OO0N

Pipe, conduit,
or fixlure |

|
FIGURE 8.11.5.3.2 Obstruction Entirely Below the Sprinkler (Large Drop Sprinkler).

A

8.11.5.3.3 Sprinklers installed under open gratings shall be shielded from the discharge of
overhead sprinklers.

8.11.5.3.4 Where the bottom of the obstruction is located 24 in. (610 mm) or more below
the sprinkler deflectors, the following shall occur:

(1) Sprinklers shall be positioned so that the obstruction is centered between adjacent
sprinklers in accordance with Figure 8.11.5.3.4.

(2) The obstruction width shall meet the following requirements:

(a) The obstruction shall be limited to a maximum width of 24 in. (610 mm) in
accordance with Figure 8.11.5.3.4.

(b) Where the obstruction is greater than 24 in. (610 mm) wide, one or more lines
of sprinklers shall be installed below the obstruction.

3) The obstruction extension shall meet the following requirements:
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(a) The obstruction shall not extend more than 12 in. (305 mm) to either side of the
midpoint between sprinklers in accordance with Figure 8.11.5.3.4.

(b) Where the extensions of the obstruction exceed 12 in. (305 mm), one or more
lines of sprinklers shall be installed below the obstruction.

4) At least 18 in. (457 mm) clearance shall be maintained between the top of storage
and the bottom of the obstruction in accordance with Figure 8.11.5.3.4.

Ceiling
A | A
24 in, (610 mm)
. MAXIMILM H
- *
| =24 in, (610 mm)
Obstruction
- —_—
& i .
_ =12in. | Centetiing
%5 | (305 mm) “ws
Mot less
than 18 in,
{4537 mm)
Top of storage

)

FIGURE 8.11.5.3.4 Obstruction More Than 24 in. (610 mm) Below the Sprinkler
(Large Drop Sprinkler).

8.11.5.3.5 In the special case of an obstruction running parallel to and directly below a

branch line, the following shall occur:

(1) The sprinkler shall be located at least 36 in. (914 mm) above the top of the
obstruction in accordance with Figure 8.11.5.3.5.

(2) The obstruction shall be limited to a maximum width of 12 in. (305 mm) in
accordance with Figure 8.11.5.3.5.

3) The obstruction shall be limited to a maximum extension of 6 in. (152 mm) to either
side of the centerline of the branch line in accordance with Figure 8.11.5.3.5.
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FIGURE 8.11.5.3.5 Obstruction More Than 36 in. (914 mm) Below the Sprinkler
(Large Drop Sprinkler).

8.11.6 Clearance to Storage (Large Drop Sprinklers). The clearance between the
deflector and the top of storage shall be 36 in. (914 mm) or greater.

8.12 Early Suppression Fast-Response Sprinklers.

8.12.1 General. All requirements of Section 8.5 shall apply except as modified in Section
8.12.

8.12.2 Protection Areas per Sprinkler (Early Suppression Fast-Response Sprinklers).

8.12.2.1 Determination of the Protection Area of Coverage. The protection area of
coverage per sprinkler (4,) shall be determined in accordance with 8.5.2.1.

8.12.2.2 Maximum Protection Area of Coverage.

8.12.2.2.1 The maximum allowable protection area of coverage for a sprinkler (4,) shall be
in accordance with the value indicated in Table 8.12.2.2.1.

Table 8.12.2.2.1 Protection Areas and Maximum Spacing of ESFR Sprinkl

Ceiling/Roof Heights Up to 30 ft (9.1 m) Ceiling/Roof Heights (

Protection Area Spacing Protection Area
Construction Type ft2 m? ft m ft2 m?
Noncombustible unobstructed 100 9.3 12 3.7 100 9.3
Noncombustible obstructed 100 9.3 12 3.7 100 9.3
Combustible unobstructed 100 9.3 12 3.7 100 9.3
Combustible obstructed N/A N/A N/A

8.12.2.2.2 Unless the requirements of 8.12.2.2.3 are met, the maximum area of coverage of
any sprinkler shall not exceed 100 fi2 (9.3 m?).

8.12.2.2.3*% It shall be permitted to deviate from the maximum sprinkler spacing to eliminate
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obstructions created by structural elements (such as trusses, bar joists, and wind bracing) by
moving a sprinkler along the branch line a maximum of 1 ft (0.31 m) from its allowable
spacing, provided coverage for that sprinkler does not exceed 110 ft2 (10.2 m2) per sprinkler
where all of the following conditions are met:

(D) The average actual floor area protected by the moved sprinkler and the adjacent
sprinklers shall not exceed 100 fi2 (9.3 m?).

(2) Adjacent branch lines shall maintain the same pattern.
3) In no case shall the distance between sprinklers exceed 12 ft (3.7 m).

8.12.2.2.4 Deviations from the maximum sprinkler spacing shall be permitted to eliminate
obstructions created by structural elements (such as trusses, bar joists, and wind bracing) by
moving a single branch line a maximum of 1 ft (0.31 m) from its allowable spacing, provided
coverage for the sprinklers on that branch line and the sprinklers on the branch line it is
moving away from does not exceed 110 fi2 (10.2 m2) per sprinkler where all of the following
conditions are met:

(1)  The average actual floor area protected by the sprinklers on the moved branch line
and the sprinklers on the adjacent branch lines shall not exceed 100 t2 (9.3 m2) per
sprinkler.

(2) In no case shall the distance between sprinklers exceed 12 ft (3.7 m).

3) It shall not be permitted to move a branch line where there are moved sprinklers on a
branch line that exceed the maximum sprinkler spacing.

8.12.2.3 Minimum Protection Area of Coverage. The minimum allowable protection area
of coverage for a sprinkler (4,) shall not be less than 64 ft2 (6 m?).

8.12.3 Sprinkler Spacing (Early Suppression Fast-Response Sprinklers).

8.12.3.1 Maximum Distance Between Sprinklers. The maximum distance between
sprinklers shall be in accordance with the following:

(D) Where the storage height is less than or equal to 25 ft (7.6 m) and the ceiling height is
less than or equal to 30 ft (9.1 m), the distance between sprinklers shall be limited to
not more than 12 ft (3.7 m) between sprinklers as shown in Table 8.12.2.2.1.

2) Unless the requirements of 8.12.3.1(3) or 8.12.3.1(4) are met, where the storage
height exceeds 25 ft (7.6 m) and ceiling height exceeds 30 ft (9.1 m), the distance
between sprinklers shall be limited to not more than 10 ft (3 m) between sprinklers.

(3)* Regardless of the storage or ceiling height arrangement, it shall be permitted to
deviate from the maximum sprinkler spacing to eliminate obstructions created by
trusses and bar joists by moving a sprinkler along the branch line a maximum of 1 ft
(0.31 m) from its allowable spacing, provided coverage for that sprinkler does not
exceed 110 t2 (10.2 m?) where all of the following conditions are met:

(a) The average actual floor area protected by the moved sprinkler and the adjacent
sprinklers shall not exceed 100 fi2 (9.3 m?).
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(b) Adjacent branch lines shall maintain the same pattern.
(¢) Inno case shall the distance between sprinklers exceed 12 ft (3.7 m).

4) Where branch lines are parallel to trusses and bar joists, it shall be permitted to
deviate from the maximum sprinkler spacing to eliminate obstructions created by
trusses and bar joists by moving a single branch line a maximum of 1 ft (0.31 m) from
its allowable spacing, provided coverage for the sprinklers on that branch line and the
sprinklers on the branch line it is moving away from does not exceed 110 ft2 (10.2
m?) per sprinkler where all of the following conditions are met:

(a) The average actual floor area protected by the sprinklers on the moved branch
line and the sprinklers on the adjacent branch lines shall not exceed 100 t2 (9.3
m?2) per sprinkler.

(b) Inno case shall the distance between sprinklers exceed 12 ft (3.7 m).

(c) It shall not be permitted to move a branch line where there are moved sprinklers
on a branch line that exceed the maximum sprinkler spacing.

8.12.3.2 Maximum Distance from Walls. The distance from sprinklers to walls shall not
exceed one-half of the allowable distance permitted between sprinklers as indicated in Table
8.12.2.2.1.

8.12.3.3 Minimum Distance from Walls. Sprinklers shall be located a minimum of 4 in.
(102 mm) from a wall.

8.12.3.4 Minimum Distance Between Sprinklers. Sprinklers shall be spaced not less than 8
ft (2.4 m) on center.

8.12.4 Deflector Position (Early Suppression Fast-Response Sprinklers).
8.12.4.1 Distance Below Ceilings.

8.12.4.1.1 Pendent sprinklers with a nominal K-factor of 14 shall be positioned so that
deflectors are a maximum 14 in. (356 mm) and a minimum 6 in. (152 mm) below the ceiling.

8.12.4.1.2 Pendent sprinklers with a nominal K-factor of 16.8 shall be positioned so that
deflectors are a maximum 14 in. (356 mm) and a minimum 6 in. (152 mm) below the ceiling.

8.12.4.1.3 Pendent sprinklers with a nominal K-factor of 22.4 and 25.2 shall be positioned
so that deflectors are a maximum 18 in. (457 mm) and a minimum 6 in. (152 mm) below the
ceiling.

8.12.4.1.4 Upright sprinklers with a nominal K-factor of 14 shall be positioned so that the
deflector is 3 in. to 12 in. (76 mm to 305 mm) below the ceiling.

8.12.4.1.5 Upright sprinklers with a nominal K-factor of 16.8 shall be positioned so that the
deflector is 3 in. to 12 in. (76 mm to 305 mm) below the ceiling.

8.12.4.1.6 With obstructed construction, the branch lines shall be permitted to be installed
across the beams, but sprinklers shall be located in the bays and not under the beams.
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8.12.4.2 Deflector Orientation. Deflectors of sprinklers shall be aligned parallel to ceilings
or roofs.

8.12.5 Obstructions to Sprinkler Discharge (Early Suppression Fast-Response
Sprinklers).
8.12.5.1 Obstructions at or Near the Ceiling.

8.12.5.1.1 Sprinklers shall be arranged to comply with Table 8.12.5.1.1 and Figure
8.12.5.1.1 for obstructions at the ceiling, such as beams, ducts, lights, and top chords of
trusses and bar joists.

Table 8.12.5.1.1 Positioning of Sprinklers to
Avoid Obstructions to Discharge (ESFR
Sprinkler)

Maximum Allowable
Distance from Sprinkler Distance of Deflector Above

to Bottom of Obstruction (in.)

Side of Obstruction (4) (B)
Less than 1 ft 0
1 ft to less than 1 ft 6 in. 15
1 ft 6 in. to less than 2 ft 3
2 ft to less than 2 ft 6 in. 5%
2 ft 6 in. to less than 3 ft 8
3 ft to less than 3 ft 6 in. 10
3 ft 6 in. to less than 4 ft 12
4 ft to less than 4 ft 6 in. 15
4 ft 6 in. to less than 5 ft 18
5 ft to less than 5 ft 6 in. 22
5 ft 6 in. to less than 6 ft 26
6 ft 31

For SI units, 1 in. =25.4 mm; 1 ft = 0.3048 m.
Note: For (4) and (B), refer to Figure 8.12.5.1.1.

Ceiling

|

V

Obstruction
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FIGURE 8.12.5.1.1 Positioning of Sprinklers to Avoid Obstructions to Discharge
(ESFR Sprinkler).

8.12.5.1.2 The requirements of 8.12.5.1.1 shall not apply where sprinklers are spaced on
opposite sides of obstructions less than 24 in. (610 mm) wide, provided the distance from the
centerline on the obstructions to the sprinklers does not exceed one-half the allowable
distance between sprinklers.

8.12.5.1.3 Sprinklers with a special obstruction allowance shall be installed according to
their listing.

8.12.5.2* Isolated Obstructions Below the Elevation of Sprinklers. Sprinklers shall be
arranged with respect to obstructions in accordance with one of the following:

(D) Sprinklers shall be installed below isolated noncontinuous obstructions that restrict
only one sprinkler and are located below the elevation of sprinklers such as light
fixtures and unit heaters.

(2)  Additional sprinklers shall not be required where the obstruction is 2 ft (0.6 m) or
less in width and the sprinkler is located horizontally 1 ft (0.3 m) or greater from the
nearest edge of the obstruction.

(3)  Additional sprinklers shall not be required where sprinklers are positioned with
respect to the bottom of obstructions in accordance with 8.12.5.1.

(4)  Additional sprinklers shall not be required where the obstruction is 2 in. (51 mm) or
less in width and is located a minimum of 2 ft (0.6 m) below the elevation of the
sprinkler deflector or is positioned a minimum of 1 ft (0.3 m) horizontally from the
sprinkler.

(%) Sprinklers with a special obstruction allowance shall be installed according to their
listing.
8.12.5.3 Continuous Obstructions Below the Sprinklers.

8.12.5.3.1 General Continuous Obstructions. Sprinklers shall be arranged with respect to
obstructions in accordance with one of the following:

(D) Sprinklers shall be installed below continuous obstructions, or they shall be arranged
to comply with Table 8.12.5.1.1 for horizontal obstructions entirely below the
elevation of sprinklers that restrict sprinkler discharge pattern for two or more
adjacent sprinklers such as ducts, lights, pipes, and conveyors.

(2)  Additional sprinklers shall not be required where the obstruction is 2 in. (51 mm) or
less in width and is located a minimum of 2 ft (0.6 m) below the elevation of the
sprinkler deflector or is positioned a minimum of 1 ft (0.3 m) horizontally from the
sprinkler.

(3)  Additional sprinklers shall not be required where the obstruction is 1 ft (0.3 m) or
less in width and located a minimum of 1 ft (0.3 m) horizontally from the sprinkler.

(4)  Additional sprinklers shall not be required where the obstruction is 2 ft (0.6 m) or
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less in width and located a minimum of 2 ft (0.6 m) horizontally from the sprinkler.

(%) Ceiling sprinklers shall not be required to comply with Table 8.12.5.1.1 where a row
of sprinklers is installed under the obstruction.

L]
8.12.5.3.2 Bottom Chords of Bar Joists or Open Trusses. ESFR sprinklers shall be

positioned a minimum of 1 ft (0.3 m) horizontally from the nearest edge to any bottom chord
of a bar joist or open truss.

8.12.5.3.3 Open Gratings. Sprinklers installed under open gratings shall be of the
intermediate level/rack storage type or otherwise shielded from the discharge of overhead
sprinklers.

8.12.5.3.4 Overhead Doors. Quick-response spray sprinklers shall be permitted to be
utilized under overhead doors.

8.12.5.3.5 Special Obstruction Allowance. Sprinklers with a special obstruction allowance
shall be installed according to their listing.

8.12.6 Clearance to Storage (Early Suppression Fast-Response Sprinklers). The
clearance between the deflector and the top of storage shall be 36 in. (914 mm) or greater.

8.13 In-Rack Sprinklers.

8.13.1 System Size. The area protected by a single system of sprinklers in racks shall not
exceed 40,000 ft2 (3716 m2) of floor area occupied by the racks, including aisles, regardless
of the number of levels of in-rack sprinklers.

8.13.2 Type of In-Rack Sprinklers.

8.13.2.1 Sprinklers in racks shall be ordinary-temperature standard-response or
quick-response classification with a nominal K-factor of K-5.6 or 8.0 (80 or 115), pendent or
upright.

8.13.2.2 Sprinklers with intermediate- and high-temperature ratings shall be used near heat
sources as required by 8.3.2.
8.13.3 In-Rack Sprinkler Water Shields.

8.13.3.1 In-Rack Sprinkler Water Shields for Storage of Class I Through Class IV
Commodities. Water shields shall be provided directly above in-rack sprinklers, or listed
intermediate level/rack storage sprinklers shall be used where there is more than one level, if
not shielded by horizontal barriers. (See Section C.3.)

8.13.3.2 In-Rack Sprinkler Water Shields for Plastic Storage. Where in-rack sprinklers
are not shielded by horizontal barriers, water shields shall be provided above the sprinklers,
or listed intermediate level/rack storage sprinklers shall be used.

8.13.4 Location, Position, and Spacing of In-Rack Sprinklers. See Chapter 12 through
Chapter 20 as appropriate.

8.13.4.1 Minimum Distance Between In-Rack Sprinklers. In-rack sprinklers shall be
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permitted to be placed less than 6 ft (1.8 m) on center.

8.13.5 Obstructions to In-Rack Sprinkler Discharge. In-rack sprinklers shall not be
required to meet the obstruction criteria and clearance from storage requirements of Section
8.5.

8.14 Pilot Line Detectors.

8.14.1 Pilot line detectors and related components including pipe and fittings shall be
corrosion resistant when installed in areas exposed to weather or corrosive conditions.

8.14.2 Where subject to mechanical or physical damage, pilot line detectors and related
detection system components shall be protected.

8.14.3 Where spray sprinklers are used as pilot line detectors, they shall be installed in
accordance with Section 8.14 and the spacing and location rules of Section 8.6, except that
the obstruction to water distribution rules for automatic sprinklers shall not be required to be
followed.

8.14.3.1 Where located under a ceiling, pilot sprinklers shall be positioned in accordance
with the requirements of Section 8.6.

8.14.4 The temperature rating of spray sprinklers utilized as pilot line detectors shall be
selected in accordance with 8.3.2.

8.14.5 Maximum horizontal spacing for indoor locations shall not exceed 12 ft (3.7 m).

8.14.6 Pilot line detectors shall be permitted to be spaced more than 22 in. (559 mm) below
a ceiling or deck where the maximum spacing between pilot line detectors is 10 ft (3 m) or
less.

8.14.6.1 Other maximum horizontal spacing differing from those required in 8.14.5 shall be
permitted where installed in accordance with their listing.

8.14.7 Pilot line detectors located outdoors, such as in open process structures, shall be
spaced such that the elevation of a single level of pilot line detectors and between additional
levels of pilot line detectors shall not exceed 17 ft (5.2 m).

8.14.8 The maximum distance between pilot line detectors installed outdoors shall not
exceed 8 ft (2.5 m).

8.14.8.1 The horizontal distance between pilot line detectors installed outdoors on a given
level shall be permitted to be increased to 10 ft (3 m) when all of the following conditions are
met:

(1) The elevation of the first level does not exceed 15 ft (4.6 m).

(2) The distance between additional levels does not exceed 12 ft (3.7 m).

3) The pilot line actuators are staggered vertically.

8.14.8.2 Alternate vertical spacing of pilot line detectors differing from those required in

8.14.8.1 shall be permitted where installed in accordance with their listing.
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8.14.9 Pilot line detectors located in open-sided buildings shall follow the indoor spacing
rules.

8.14.9.1 A row of pilot line detectors spaced in accordance with the outdoor pilot line
detector spacing rules shall be located along the open sides of open-sided buildings.

8.14.9.2 Pilot line detectors located under open gratings shall be spaced in accordance with
the outdoor rules.

8.14.9.3 Where two or more adjacent water spray systems in one fire area are controlled by
separate pilot line detector systems, the detectors on each system shall be spaced
independently as if the dividing line between the systems were a wall or draft curtain.

8.14.9.4 Where pilot line detectors are installed in water cooling tower applications, they
shall be in accordance with Section 21.24.

8.14.10 Pipe supplying pilot line detectors shall be permitted to be supported from the same
points of hanger attachment as the piping system it serves.

8.14.10.1 Pipe supplying pilot line detectors shall not be required to meet the requirements
0f9.3.5.

8.15 Special Situations.
8.15.1 Concealed Spaces.

8.15.1.1 Concealed Spaces Requiring Sprinkler Protection. All concealed spaces
enclosed wholly or partly by exposed combustible construction shall be protected by
sprinklers except in concealed spaces where sprinklers are not required to be installed by
8.15.1.2.1 through 8.15.1.2.16 and 8.15.6.

8.15.1.2* Concealed Spaces Not Requiring Sprinkler Protection.

8.15.1.2.1* Concealed spaces of noncombustible and limited-combustible construction with
minimal combustible loading having no access shall not require sprinkler protection. The
space shall be considered a concealed space even with small openings such as those used as
return air for a plenum. (For additional information on combustible loading, see
A.8.15.1.2.1.)

8.15.1.2.2 Concealed spaces of noncombustible and limited-combustible construction with
limited access and not permitting occupancy or storage of combustibles shall not require
sprinkler protection. The space shall be considered a concealed space even with small
openings such as those used as return air for a plenum.

8.15.1.2.3 Concealed spaces formed by studs or joists with less than 6 in. (152 mm)
between the inside or near edges of the studs or joists shall not require sprinkler protection.
(See Figure 8.6.4.1.5.1.)

8.15.1.2.4 Concealed spaces formed by bar joists with less than 6 in. (152 mm) between the
roof or floor deck and ceiling shall not require sprinkler protection.

8.15.1.2.5 Concealed spaces formed by ceilings attached directly to or within 6 in. (152 mm)
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of wood joist construction shall not require sprinkler protection.

8.15.1.2.6* Concealed spaces formed by ceilings attached to composite wood joist
construction either directly or onto metal channels not exceeding 1 in. (25.4 mm) in depth,
provided the joist channels are firestopped into volumes each not exceeding 160 ft3 (4.53 m3)
using materials equivalent to the web construction and at least 3% in. (90 mm) of batt
insulation is installed at the bottom of the joist channels when the ceiling is attached utilizing
metal channels, shall not require sprinkler protection.

8.15.1.2.7 Concealed spaces entirely filled with noncombustible insulation shall not require
sprinkler protection.

8.15.1.2.8 Concealed spaces within wood joist construction and composite wood joist
construction having noncombustible insulation filling the space from the ceiling up to the
bottom edge of the joist of the roof or floor deck, provided that in composite wood joist
construction the joist channels are firestopped into volumes each not exceeding 160 ft3 (4.53
m?3) to the full depth of the joist with material equivalent to the web construction, shall not
require sprinkler protection.

8.15.1.2.9 Concealed spaces over isolated small rooms not exceeding 55 fi2 (5.1 m?) in area
shall not require sprinkler protection.

8.15.1.2.10 Concealed spaces where rigid materials are used and the exposed surfaces have
a flame spread index of 25 or less, and the materials have been demonstrated not to
propagate fire when tested in accordance with NFPA 255, Standard Method of Test cf
Surface Burning Characteristics of Building Materials, extended for an additional 20
minutes in the form in which they are installed, shall not require sprinkler protection.

8.15.1.2.11 Concealed spaces in which the exposed materials are constructed entirely of
fire-retardant treated wood as defined by NFPA 703, Standard for Fire Retardant—Treated
Wood and Fire-Retardant Coatings for Building Materials, shall not require sprinkler
protection.

8.15.1.2.12 Noncombustible concealed spaces having exposed combustible insulation where
the heat content of the facing and substrate of the insulation material does not exceed 1000
Btu/ft2 (11,356 kJ/m2) shall not require sprinkler protection.

8.15.1.2.13 Concealed spaces below insulation that is laid directly on top of or within wood
joists or composite wood joists used as ceiling joists in an otherwise sprinklered concealed
space, with the ceiling attached directly to the bottom of the joists, shall not require sprinkler
protection.

8.15.1.2.14 Vertical pipe chases under 10 ft? (0.93 m?), where provided in multifloor
buildings where the chases are firestopped at each floor using materials equivalent to the
floor construction, and where such pipe chases shall contain no sources of ignition, piping
shall be noncombustible and pipe penetrations at each floor shall be properly sealed and shall
not require sprinkler protection.

8.15.1.2.15 Exterior columns under 10 ft2 (0.93 m?) in area, formed by studs or wood joist
supporting exterior canopies that are fully protected with a sprinkler system, shall not require
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sprinkler protection.

8.15.1.2.16* Concealed spaces formed by noncombustible or limited combustible ceilings
suspended from the bottom of wood joists, composite wood joists, wood bar joists, or wood
trusses that have insulation filling all of the gaps between the bottom of the trusses or joists,
and where sprinklers are present in the space above the insulation within the trusses or joists,
shall not require sprinkler protection. The heat content of the facing, substrate, and support
of the insulation material shall not exceed 1000 Btu/ft2 (11,356 kJ/m2).

8.15.1.3 Concealed Space Design Requirements. Sprinklers in concealed spaces having no
access for storage or other use shall be installed in accordance with the requirements for light
hazard occupancy.

8.15.1.4 Heat-Producing Devices with Composite Wood Joist Construction. Where
heat-producing devices such as furnaces or process equipment are located in the joist
channels above a ceiling attached directly to the underside of composite wood joist
construction that would not otherwise require sprinkler protection of the spaces, the joist
channel containing the heat-producing devices shall be sprinklered by installing sprinklers in
each joist channel, on each side, adjacent to the heat-producing device.

8.15.1.5 Localized Protection of Exposed Combustible Construction or Exposed
Combustibles. In concealed spaces having exposed combustible construction, or containing
exposed combustibles, in localized areas, the combustibles shall be protected as follows:

(1)  Ifthe exposed combustibles are in the vertical partitions or walls around all or a
portion of the enclosure, a single row of sprinklers spaced not over 12 ft (3.7 m)
apart nor more than 6 ft (1.8 m) from the inside of the partition shall be permitted to
protect the surface. The first and last sprinklers in such a row shall not be over 5 ft
(1.5 m) from the ends of the partitions.

(2) If the exposed combustibles are in the horizontal plane, the area of the combustibles
shall be permitted to be protected with sprinklers on a light hazard spacing.
Additional sprinklers shall be installed no more than 6 ft (1.8 m) outside the outline
of the area and not more than 12 ft (3.7 m) on center along the outline. When the
outline returns to a wall or other obstruction, the last sprinkler shall not be more than
6 ft (1.8 m) from the wall or obstruction.

8.15.1.6 Sprinklers used in horizontal combustible concealed spaces (with a slope not
exceeding 2 in 12) with combustible wood truss or wood joist construction having a
combustible upper surface and where the depth of the space is less than 36 in. (914 mm)
from deck to deck or with double wood joist construction with a maximum of 36 in. (914
mm) between the top of the bottom joist and the bottom of the upper joist shall be listed for
such use.

8.15.1.7 Sprinklers specifically listed to provide protection of combustible concealed spaces
described in 8.15.1.6 shall be permitted to protect composite wood joist construction with a
maximum of 36 in. (914 mm) between the top of the bottom joist and the bottom of the
upper joist.

8.15.2 Vertical Shafts.
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8.15.2.1 General. Unless the requirements of 8.15.2.1.1 or 8.15.2.1.2 are met, one sprinkler
shall be installed at the top of shafts.

8.15.2.1.1 Noncombustible or limited-combustible, nonaccessible vertical duct shafts shall
not require sprinkler protection.

8.15.2.1.2 Noncombustible or limited-combustible, nonaccessible vertical electrical or
mechanical shafts shall not require sprinkler protection.

8.15.2.2* Shafts with Combustible Surfaces.

8.15.2.2.1 Where vertical shafts have combustible surfaces, one sprinkler shall be installed at
each alternate floor level.

8.15.2.2.2 Where a shaft having combustible surfaces is trapped, an additional sprinkler shall
be installed at the top of each trapped section.

8.15.2.3 Accessible Shafts with Noncombustible Surfaces. Where accessible vertical
shafts have noncombustible surfaces, one sprinkler shall be installed near the bottom.

8.15.3 Stairways.

8.15.3.1 Combustible Construction. Sprinklers shall be installed beneath all stairways of
combustible construction.

8.15.3.2 Noncombustible Construction.

8.15.3.2.1 In noncombustible stair shafts having noncombustible stairs with noncombustible
or limited combustible finishes, sprinklers shall be installed at the top of the shaft and under
the first landing above the bottom of the shaft.

8.15.3.2.2 Where noncombustible stair shafts are divided by walls or doors, sprinklers shall
be provided on each side of the separation.

8.15.3.2.3 Sprinklers shall be installed beneath landings or stairways where the area beneath
is used for storage.

8.15.3.2.4 Sprinklers shall be permitted to be omitted from exterior stair towers when the
exterior walls of the stair tower are at least 50 percent open and when the stair tower is
entirely of noncombustible construction.

8.15.3.3* Stairs Serving Two or More Fire Divisions. Sprinklers shall be installed in the
stair shaft at each floor landing where two or more doors open from that landing into
separate fire divisions.

8.15.4* Vertical Openings.

8.15.4.1* General. Unless the requirements of 8.15.4.4 are met, where moving stairways,
staircases, or similar floor openings are unenclosed and where sprinkler protection is serving
as the alternative to enclosure of the vertical opening, the floor openings involved shall be
protected by closely spaced sprinklers in combination with draft stops in accordance with
8.15.4.2 and 8.15.4.3.
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8.15.4.2 Draft Stops. Draft stops shall meet all of the following:
(D) The draft stops shall be located immediately adjacent to the opening.
(2) The draft stops shall be at least 18 in. (457 mm) deep.

3) The draft stops shall be of noncombustible or limited-combustible material that will
stay in place before and during sprinkler operation.

8.15.4.3 Sprinklers.

8.15.4.3.1 Sprinklers shall be spaced not more than 6 ft (1.8 m) apart and placed 6 in. to 12
in. (152 mm to 305 mm) from the draft stop on the side away from the opening.

8.15.4.3.2 Where sprinklers are closer than 6 ft (1.8 m), cross baffles shall be provided in
accordance with 8.6.3.4.2.

8.15.4.4 Large Openings. Closely spaced sprinklers and draft stops are not required around
large openings such as those found in shopping malls, atrium buildings, and similar structures
where all adjoining levels and spaces are protected by automatic sprinklers in accordance
with this standard and where the openings have all horizontal dimensions between opposite
edges of 20 ft (6 m) or greater and an area of 1000 fi2 (93 m?) or greater.

L]
8.15.5 Elevator Hoistways and Machine Rooms.

8.15.5.1*% Sidewall spray sprinklers shall be installed at the bottom of each elevator hoistway
not more than 2 ft (0.61 m) above the floor of the pit.

8.15.5.2 The sprinkler required at the bottom of the elevator hoistway by 8.15.5.1 shall not
be required for enclosed, noncombustible elevator shafts that do not contain combustible
hydraulic fluids.

8.15.5.3* Automatic sprinklers in elevator machine rooms or at the tops of hoistways shall
be of ordinary- or intermediate-temperature rating.

8.15.5.4* Upright, pendent, or sidewall spray sprinklers shall be installed at the top of
elevator hoistways.

8.15.5.5 The sprinkler required at the top of the elevator hoistway by 8.15.5.4 shall not be
required where the hoistway for passenger elevators is noncombustible and the car enclosure
materials meet the requirements of ASME A17.1, Safety Code for Elevators and Escalators.

8.15.6 Spaces Under Ground Floors, Exterior Docks, and Platforms.

8.15.6.1 Unless the requirements of 8.15.6.2 are met, sprinklers shall be installed in spaces
under all combustible ground floors, exterior docks, and platforms.

8.15.6.2 Sprinklers shall be permitted to be omitted from spaces under ground floors,
exterior docks, and platforms where all of the following conditions prevail:

(1) The space is not accessible for storage purposes and is protected against
accumulation of wind-borne debris.
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(2) The space contains no equipment such as conveyors or fuel-fired heating units.
(3)  The floor over the space is of tight construction.

4) No combustible or flammable liquids or materials that under fire conditions would
convert into combustible or flammable liquids are processed, handled, or stored on
the floor above the space.

8.15.7* Exterior Roofs, Canopies, or Porte-Cochere.

8.15.7.1*% Unless the requirements of 8.15.7.2, 8.15.7.3, or 8.15.7.4 are met, sprinklers shall
be installed under exterior roofs, canopies, or porte-cocheres exceeding 4 ft (1.2 m) in width.

8.15.7.2* Sprinklers shall be permitted to be omitted where the canopy, roof, or
porte-cochere is constructed with materials that are noncombustible, limited-combustible, or
fire retardant treated wood as defined in NFPA 703, Standard for Fire Retardant—Treated
Wood and Fire-Retardant Coatings for Building Materials.

8.15.7.3 Sprinklers shall be permitted to be omitted from below the canopy, roof, or
porte-cochere of combustible construction, provided the exposed finish material on the roof,
canopy, or porte-cochere is noncombustible, limited-combustible, or fire retardant treated
wood as defined in NFPA 703, Standard for Fire Retardant—Treated Wood and
Fire-Retardant Coatings for Building Materials, and the roof, canopy, or porte-cochere
contains only sprinklered concealed spaces or any of the following unsprinklered combustible
concealed spaces:

(1) Combustible concealed spaces filled entirely with noncombustible insulation

(2)  Light or ordinary hazard occupancies where noncombustible or limited-combustible
ceilings are directly attached to the bottom of solid wood joists so as to create
enclosed joist spaces 160 ft3 (4.5 m?) or less in volume, including space below
insulation that is laid directly on top or within the ceiling joists in an otherwise
sprinklered attic [See 11.2.3.1.4(4)(d)].

3) Concealed spaces over isolated small roofs, canopies, or porte-cocheres not
exceeding 55 ft2 (5.1 m2) in area

8.15.7.4 Sprinklers shall be permitted to be omitted from exterior exit corridors when the
exterior walls of the corridor are at least 50 percent open and when the corridor is entirely of
noncombustible construction.

8.15.7.5* Sprinklers shall be installed under roofs, canopies, or porte-cocheres over areas
where combustibles are stored and handled.

8.15.8 Dwelling Units.
8.15.8.1 Bathrooms.

8.15.8.1.1 Unless sprinklers are required by 8.15.8.1.2 or 8.15.8.1.3, sprinklers shall not be
required in bathrooms that are located within dwelling units, that do not exceed 55 ft2 (5.1
m?) in area, and that have walls and ceilings of noncombustible or limited-combustible
materials with a 15-minute thermal barrier rating, including the walls and ceilings behind any
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shower enclosure or tub.

8.15.8.1.2 Sprinklers shall be required in bathrooms of limited care facilities and nursing
homes, as defined in NFPA 101, Life Safety Code.

8.15.8.1.3 Sprinklers shall be required in bathrooms opening directly onto public corridors
or exitways.

8.15.8.2* Closets and Pantries. Sprinklers are not required in clothes closets, linen closets,
and pantries within dwelling units in hotels and motels where the area of the space does not
exceed 24 fi2 (2.2 m2), the least dimension does not exceed 3 ft (0.9 m), and the walls and
ceilings are surfaced with noncombustible or limited-combustible materials.

8.15.9* Library Stack Areas and Medical Record Storage. Where books or medical
records are stored in fixed open book shelves, sprinklers shall be installed in accordance with
one of the following:

(1) Sprinklers shall be permitted to be installed without regard to aisles where there is 18
in. (457 mm) or more clearance between sprinkler deflectors and tops of stacks.

(2) Where the 18 in. (457 mm) clearance between sprinkler deflectors and tops of stacks
cannot be maintained, sprinklers shall be installed in every aisle and at every tier of
stacks with distance between sprinklers along aisles not to exceed 12 ft (3.7 m) in
accordance with Figure 8.15.9(a).

3) Where the 18 in. (457 mm) clearance between sprinkler deflectors and tops of stacks
cannot be maintained and where vertical shelf dividers are incomplete and allow
water distribution to adjacent aisles, sprinklers shall be permitted to be omitted in
alternate aisles on each tier, and where ventilation openings are also provided in tier
floors, sprinklers shall be staggered vertically in accordance with Figure 8.15.9(b).
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FIGURE 8.15.9(a) Sprinklers in Multitier Bookstacks with Complete Vertical
Dividers.
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8.15.10 Electrical Equipment.

8.15.10.1 Unless the requirements of 8.15.10.3 are met, sprinkler protection shall be
required in electrical equipment rooms.

8.15.10.2 Hoods or shields installed to protect important electrical equipment from sprinkler
discharge shall be noncombustible.

8.15.10.3 Sprinklers shall not be required in electrical equipment rooms where all of the
following conditions are met:

(1) The room is dedicated to electrical equipment only.
(2) Only dry-type electrical equipment is used.

3) Equipment is installed in a 2-hour fire-rated enclosure including protection for
penetrations.

(4)  No combustible storage is permitted to be stored in the room.
8.15.11* Industrial Ovens and Furnaces.

8.15.12 Duct Protection. Duct protection shall be required to meet the requirements of
8.15.12 where required by the authority having jurisdiction or the applicable referenced code
or standard.

8.15.12.1 Sprinkler Location.

8.15.12.1.1 Unless the requirements of 8.15.12.1.2 or 8.15.12.1.3 are met, ducts shall have
one sprinkler located at the top of each vertical riser and at the midpoint of each offset.

8.15.12.1.2 Sprinklers shall not be required in a vertical riser located outside of a building,
provided the riser does not expose combustible material or provided the interior of the
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building and the horizontal distance between the hood outlet and the vertical riser is at least
25 ft (7.6 m).

8.15.12.1.3 Horizontal exhaust ducts shall have sprinklers located on 10 ft (3 m) centers
beginning no more than 5 ft (1.5 m) from the duct entrance.

8.15.12.2 Protection Against Freezing. Sprinklers in exhaust ducts subject to freezing shall
be properly protected against freezing. (See 8.16.4.1.)

8.15.12.3 Sprinkler Access. Access shall be provided to all sprinklers for inspection,
testing, and maintenance.

8.15.12.4 Strainers. A listed line strainer shall be installed in the main water supply
preceding sprinklers having nominal K-factors smaller than K-2.8 (40).

8.15.13* Open-Grid Ceilings. Open-grid ceilings shall only be installed beneath sprinklers
where one of the following is met:

(1) Open-grid ceilings in which the openings are % in. (6.4 mm) or larger in the least
dimension, where the thickness or depth of the material does not exceed the least
dimension of the opening, and where such openings constitute 70 percent of the area
of the ceiling material. The spacing of the sprinklers over the open-grid ceiling shall
then comply with the following:

(a) In light hazard occupancies where sprinkler spacing (either spray or old-style
sprinklers) is less than 10 ft x 10 ft (3 m % 3 m), a minimum clearance of at least
18 in. (457 mm) shall be provided between the sprinkler deflectors and the
upper surface of the open-grid ceiling. Where spacing is greater than 10 ft x 10
ft (3 m x 3 m) but less than 10 ft x 12 ft (3 m % 3.7 m), a clearance of at least
24 in. (610 mm) shall be provided from spray sprinklers and at least 36 in. (914
mm) from old-style sprinklers. Where spacing is greater than 10 ft X 12 ft (3 m
% 3.7 m), a clearance of at least 48 in. (1219 mm) shall be provided.

(b) In ordinary hazard occupancies, open-grid ceilings shall be permitted to be
installed beneath spray sprinklers only. Where sprinkler spacing is less than 10 ft
%10 ft (3 m % 3 m), a minimum clearance of at least 24 in. (610 mm) shall be
provided between the sprinkler deflectors and the upper surface of the
open-grid ceiling. Where spacing is greater than 10 ft X 10 ft 3 m X 3 m), a
clearance of at least 36 in. (914 mm) shall be provided.

(2) Other types of open-grid ceilings shall be permitted to be installed beneath sprinklers
where they are listed for such service and are installed in accordance with instructions
contained in each package of ceiling material.

8.15.14 Drop-Out Ceilings.

8.15.14.1 Drop-out ceilings shall be permitted to be installed beneath sprinklers where
ceilings are listed for that service and are installed in accordance with their listings.

8.15.14.2 Drop-out ceilings shall not be installed below quick-response or extended
coverage sprinklers unless specifically listed for that application.
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8.15.14.3 Drop-out ceilings shall not be considered ceilings within the context of this
standard.

8.15.14.4* Piping installed above drop-out ceilings shall not be considered concealed piping.
8.15.14.5* Sprinklers shall not be installed beneath drop-out ceilings.
8.15.15 Old-Style Sprinklers.

8.15.15.1 Unless required by 8.15.15.2 or 8.15.15.3, old-style sprinklers shall not be used in
a new installation.

8.15.15.2* Old-style sprinklers shall be installed in fur storage vaults.

8.15.15.3 Use of old-style sprinklers shall be permitted where construction features or other
special situations require unique water distribution.

8.15.16 Stages.

8.15.16.1 Sprinklers shall be installed under the roof at the ceiling, in spaces under the stage
either containing combustible materials or constructed of combustible materials, and in all
adjacent spaces and dressing rooms, storerooms, and workshops.

8.15.16.2 Where proscenium opening protection is required, a deluge system shall be
provided with open sprinklers located not more than 3 ft (0.9 m) away from the stage side of
the proscenium arch and spaced up to a maximum of 6 ft (1.8 m) on center. (See Chapter 11
for design criteria.)

8.15.17 Stair Towers. Stairs, towers, or other construction with incomplete floors, if piped
on independent risers, shall be treated as one area with reference to pipe sizes.

8.15.18 Return Bends.

8.15.18.1 Unless the requirements of 8.15.18.3 or 8.15.18.4 are met, return bends shall be
used where pendent sprinklers are supplied from a raw water source, a mill pond, or
open-top reservoirs.

8.15.18.2 Return bends shall be connected to the top of branch lines in order to avoid
accumulation of sediment in the drop nipples in accordance with Figure 8.15.18.2.
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FIGURE 8.15.18.2 Return Bend Arrangement.

8.15.18.3 Return bends shall not be required for deluge systems.
8.15.18.4 Return bends shall not be required where dry-pendent sprinklers are used.
8.15.19 Piping to Sprinklers Below Ceilings.

8.15.19.1% In new installations expected to supply sprinklers below a ceiling, minimum 1 in.
(25 mm) outlets shall be provided.

8.15.19.2* In new installations, it shall be permitted to provide minimum 1 in. (25 mm)
outlets with hexagonal bushings to accommodate sprinklers attached directly to branch line
fittings to allow for future system modifications.

8.15.19.3 When systems are revamped to accommodate added ceilings, sprinkler outlets
utilized for new armover or drop nipples shall have hexagonal bushings removed.

8.15.19.4 Revamping of Pipe Schedule Systems.

8.15.19.4.1 When pipe schedule systems are revamped, a nipple not exceeding 4 in. (100
mm) in length shall be permitted to be installed in the branch line fitting.

8.15.19.4.2 All piping other than the nipple permitted in 8.15.19.4.1 and 8.15.19.4.3 shall be
a minimum of 1 in. (25 mm) in diameter in accordance with Figure 8.15.19.4.2.
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FIGURE 8.15.19.4.2 Nipple and Reducing Elbow Supplying Sprinkler Below Ceiling.

8.15.19.4.3 When it is necessary to pipe two new ceiling sprinklers from an existing outlet in
an overhead system, the use of a nipple not exceeding 4 in. (100 mm) in length and of the
same pipe thread size as the existing outlet shall be permitted, provided that a hydraulic
calculation verifies that the design flow rate will be achieved in accordance with Figure
8.15.19.4.3.
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FIGURE 8.15.19.4.3 Sprinklers in Concealed Space and Below Ceiling.

8.15.19.4.4 The use of pipe nipples less than 1 in. (25 mm) in diameter shall not be
permitted in areas subject to earthquakes.

8.15.19.5 Revamping of Hydraulic Design Systems.

8.15.19.5.1 When hydraulically designed systems are revamped, any existing bushing shall
be removed and a nipple not exceeding 4 in. (100 mm) in length shall be permitted to be
installed in the branch line fitting.

8.15.19.5.2 Calculations shall be provided to verify that the system design flow rate will be
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achieved.

8.15.19.5.3 When it is necessary to pipe two new ceiling sprinklers from an existing outlet in
an overhead system, any bushings shall be removed and the use of a nipple not exceeding 4
in. (100 mm) in length and of the same pipe thread size as the existing outlet shall be
permitted, provided that a hydraulic calculation verifies that the design flow rate will be
achieved.

8.15.19.5.4 The use of pipe nipples less than 1 in. (25 mm) in diameter is not permitted in
areas subject to earthquakes.

8.15.20 Dry Pipe Underground.

8.15.20.1 Where necessary to place pipe that will be under air pressure underground, the
pipe shall be protected against corrosion.

8.15.20.2 Unprotected cast-iron or ductile-iron pipe shall be permitted where joined with a
gasketed joint listed for air service underground.

8.15.21* System Subdivision. Where individual floor/zone control valves are not provided,
a flanged joint or mechanical coupling shall be used at the riser at each floor for connections
to piping serving floor areas in excess of 5000 fi2 (465 m2).

8.15.22 Spaces Above Ceilings.

8.15.22.1 Where spaces have ceilings that are lower than the rest of the area, the space
above this lower ceiling shall be sprinklered unless it complies with the rules of 8.15.1.2 for
allowable unsprinklered concealed spaces.

8.15.22.2 Where the space above a drop ceiling is sprinklered, the sprinkler system shall
conform to the rules of Section 12.3.

8.16 Piping Installation.
8.16.1 Valves.

8.16.1.1* Control Valves.
8.16.1.1.1* General.

8.16.1.1.1.1 Each sprinkler system shall be provided with a listed indicating valve in an
accessible location, so located as to control all automatic sources of water supply.

8.16.1.1.1.2 At least one listed indicating valve shall be installed in each source of water
supply.

8.16.1.1.1.3 The requirements of 8.16.1.1.1.2 shall not apply to the fire department
connection, and there shall be no shutoff valve in the fire department connection.

8.16.1.1.2* Supervision.

8.16.1.1.2.1 Valves on connections to water supplies, sectional control and isolation valves,
and other valves in supply pipes to sprinklers and other fixed water-based fire suppression
systems shall be supervised by one of the following methods:
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(D) Central station, proprietary, or remote station signaling service

(2) Local signaling service that will cause the sounding of an audible signal at a
constantly attended point

3) Valves locked in the correct position

(4)  Valves located within fenced enclosures under the control of the owner, sealed in the
open position, and inspected weekly as part of an approved procedure

8.16.1.1.2.2 Floor control valves in high-rise buildings and valves controlling flow to
sprinklers in circulating closed loop systems shall comply with 8.16.1.1.2.1(1) or
8.16.1.1.2.1(2).

8.16.1.1.2.3 The requirements of 8.16.1.1.2.1 shall not apply to underground gate valves
with roadway boxes.

8.16.1.1.2.4 Where control valves are installed overhead, they shall be positioned so that the
indicating feature is visible from the floor below.

8.16.1.1.3* Check Valves.

8.16.1.1.3.1 Where there is more than one source of water supply, a check valve shall be
installed in each connection.

8.16.1.1.3.2 A listed backflow prevention device shall be considered a check valve, and an
additional check valve shall not be required.

8.16.1.1.3.3 Where cushion tanks are used with automatic fire pumps, no check valve is
required in the cushion tank connection.

8.16.1.1.3.4 Check valves shall be installed in a vertical or horizontal position in accordance
with their listing.

8.16.1.1.3.5% Where a single wet pipe sprinkler system is equipped with a fire department
connection, the alarm valve is considered a check valve, and an additional check valve shall
not be required.

8.16.1.1.4* Control Valves with Check Valves.

8.16.1.1.4.1 In a connection serving as one source of supply, listed indicating valves or
post-indicator valves shall be installed on both sides of all check valves required in
8.16.1.1.3. The city services control valve (non-indicating control valve) shall be permitted
to serve as the supply side control valve.

8.16.1.1.4.2 The requirements of 8.16.1.1.4.1 shall not apply to the check valve located in
the fire department connection piping, and there shall be no control valves in the fire
department connection piping.

8.16.1.1.4.3 The requirements of 8.16.1.1.4.1 shall not apply where the city connection
serves as the only automatic source of supply to a wet pipe sprinkler system; a control valve
is not required on the system side of the check valve or the alarm check valve.
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8.16.1.1.5* Control Valves for Gravity Tanks.

8.16.1.1.5.1 Gravity tanks shall have listed indicating valves installed on both sides of the
check valve.

8.16.1.1.6* Pumps. When a pump is located in a combustible pump house or exposed to
danger from fire or falling walls, or when a tank discharges into a private fire service main
fed by another supply, either the check valve in the connection shall be located in a pit or the
control valve shall be of the post-indicator type located a safe distance outside buildings.

8.16.1.1.7* Control Valve Accessibility. All control valves shall be located where readily
accessible and free of obstructions.

8.16.1.1.8 Control Valve Identification. Identification signs shall be provided at each valve
to indicate its function and what it controls.

8.16.1.2 Pressure-Reducing Valves.

8.16.1.2.1 In portions of systems where all components are not listed for pressure greater
than 175 psi (12.1 bar) and the potential exists for normal (nonfire condition) water pressure
in excess of 175 psi (12.1 bar), a listed pressure-reducing valve shall be installed and set for
an outlet pressure not exceeding 165 psi (2.4 bar) at the maximum inlet pressure.

8.16.1.2.2 Pressure gauges shall be installed on the inlet and outlet sides of each
pressure-reducing valve.

8.16.1.2.3* A relief valve of not less than % in. (13 mm) in size shall be provided on the
discharge side of the pressure-reducing valve set to operate at a pressure not exceeding 175
psi (12.1 bar).

8.16.1.2.4 A listed indicating valve shall be provided on the inlet side of each
pressure-reducing valve, unless the pressure-reducing valve meets the listing requirements
for use as an indicating valve.

8.16.1.2.5 Means shall be provided downstream of all pressure-reducing valves for flow
tests at sprinkler system demand.

8.16.1.3* Post-Indicator Valves.

8.16.1.3.1 Post-indicator valves shall be set so that the top of the post will be 36 in. (0.9 m)
above the final grade.

8.16.1.3.2 Post-indicator valves shall be properly protected against mechanical damage
where needed.

8.16.1.4 Valves in Pits.

8.16.1.4.1 General. Where it is impractical to provide a post-indicator valve, valves shall be
permitted to be placed in pits with permission of the authority having jurisdiction.

8.16.1.4.2* Valve Pit Construction.

8.16.1.4.2.1 When used, valve pits shall be of adequate size and readily accessible for
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inspection, operation, testing, maintenance, and removal of equipment contained therein.

8.16.1.4.2.2 Valve pits shall be constructed and arranged to properly protect the installed
equipment from movement of earth, freezing, and accumulation of water.

8.16.1.4.2.3 Poured-in-place or precast concrete, with or without reinforcement, or brick
(all depending upon soil conditions and size of pit) shall be appropriate materials for
construction of valve pits.

8.16.1.4.2.4 Other approved materials shall be permitted to be used for valve pit
construction.

8.16.1.4.2.5 Where the water table is low and the soil is porous, crushed stone or gravel
shall be permitted to be used for the floor of the pit. [See Figure A.8.17.2(b) for a suggested
arrangement. |

8.16.1.4.2.6 Valve pits located at or near the base of the riser of an elevated tank shall be
designed in accordance with Chapter 9 of NFPA 22, Standard for Water Tanks for Private
Fire Protection.

8.16.1.4.3 Valve Pit Marking. The location of the valve shall be clearly marked, and the
cover of the pit shall be kept free of obstructions.

8.16.1.5 Sectional Valves.

8.16.1.5.1 Large private fire service main systems shall have sectional controlling valves at
appropriate points in order to permit sectionalizing the system in the event of a break or for
the making of repairs or extensions.

8.16.1.5.2 A valve shall be provided on each bank where a main crosses water and outside
the building foundation(s) where the main or section of main runs under a building.

8.16.1.6* In-Rack Sprinkler System Control Valves.

8.16.1.6.1 Unless the requirements of 8.16.1.6.2 or 8.16.1.6.3 are met, where sprinklers are
installed in racks, separate indicating control valves and drains shall be provided and
arranged so that ceiling and in-rack sprinklers can be controlled independently.

8.16.1.6.2 Installation of 20 or fewer in-rack sprinklers supplied by any one ceiling sprinkler
system shall not require a separate indicating control valve.

8.16.1.6.3 The separate indicating valves shall be permitted to be arranged as sectional
control valves where the racks occupy only a portion of the area protected by the ceiling
sprinklers.

8.16.2 Drainage.

8.16.2.1* General. All sprinkler pipe and fittings shall be so installed that the system can be
drained.

8.16.2.2 Wet Pipe Systems.
8.16.2.2.1 On wet pipe systems, sprinkler pipes shall be permitted to be installed level.

Copyright NFPA



8.16.2.2.2 Trapped piping shall be drained in accordance with 8.16.2.5.

8.16.2.3 Dry Pipe and Preaction Systems. Piping shall be pitched to drain as stated in
8.16.2.3.1 through 8.16.2.3.3.

8.16.2.3.1 Dry Pipe Systems in Non-Refrigerated Areas. In dry pipe systems branch lines
shall be pitched at least Y% in. per 10 ft (4 mm/m) and mains shall be pitched at least 4 in. per
10 ft (2 mm/m).

8.16.2.3.2 Preaction Systems. In preaction systems, branch lines shall be pitched at least 2
in. per 10 ft (4 mm/m) and mains shall be pitched at least 4 in. per 10 ft (2 mm/m).

8.16.2.3.3 Dry Pipe and Preaction Systems in Refrigerated Areas. Branch lines shall be
pitched at least /% in. per 10 ft (4 mm/m), and mains shall be pitched at least ' in. per 10 ft
(4 mm/m) in refrigerated areas.

8.16.2.4* System, Main Drain, or Sectional Drain Connections. See Figure 8.16.2.4.

Pressure gauge

Sprinkler
Angle riser
valve f
—— Inspector’s
; Yain. 6.4 mm)
Drain
pipe test plug

Mot less than 4 ft (1.22 m)
of exposed drain pipe in
warm rogm beyoend

valve when pipe extends  —.
through wall to cutside i

FIGURE 8.16.2.4 Drain Connection for System Riser.

8.16.2.4.1* Provisions shall be made to properly drain all parts of the system.

8.16.2.4.2 Drain connections for systems supply risers and mains shall be sized as shown in
Table 8.16.2.4.2.

Table 8.16.2.4.2 Drain Size

Riser or Main Size Size of Drain Connection
Up to 2 in. % in. or larger
2% in., 3 in., 3% in. 1Y4 in. or larger
4 in. and larger 2 in. only

For SI units, 1 in. = 25.4 mm.

8.16.2.4.3 Where an interior sectional or floor control valve(s) is provided, it shall be
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provided with a drain connection having a minimum size as shown in Table 8.16.2.4.2 to
drain that portion of the system controlled by the sectional valve.

8.16.2.4.4 Drains shall discharge outside or to a drain connection capable of handling the
flow of the drain. [See Figure A.8.17.4.2(b).]

8.16.2.4.5 For those drains serving pressure-reducing valves, the drain, drain connection,
and all other downstream drain piping shall be sized to permit a flow of at least the greatest
system demand supplied by the pressure-reducing valve.

8.16.2.4.6 The test connections required by 8.17.4.1 shall be permitted to be used as main
drain connections.

8.16.2.4.7 Where drain connections for floor control valves are tied into a common drain
riser, the drain riser shall be one pipe size larger than the largest size drain connection tying
into it.

8.16.2.5 Auxiliary Drains.

8.16.2.5.1 Auxiliary drains shall be provided where a change in piping direction prevents
drainage of system piping through the main drain valve.

8.16.2.5.2 Auxiliary Drains for Wet Pipe Systems and Preaction Systems in Areas Not
Subject to Freezing.

8.16.2.5.2.1*% Where the capacity of isolated trapped sections of pipe is 50 gal (189 L) or
more, the auxiliary drain shall consist of a valve not smaller than 1 in. (25 mm), piped to an
accessible location.

8.16.2.5.2.2 Where the capacity of isolated trapped sections of pipe is more than 5 gal (18.9
L) and less than 50 gal (189 L), the auxiliary drain shall consist of a valve % in. (20 mm) or
larger and a plug or a nipple and cap.

8.16.2.5.2.3 Where the capacity of trapped sections of pipes in wet systems is less than 5 gal
(18.9 L), one of the following arrangements shall be provided:

(1)  An auxiliary drain shall consist of a nipple and cap or plug not less than 2 in. (15
mm) in size.

(2)  An auxiliary drain shall not be required for trapped sections less than 5 gal (18.9 L)
where the system piping can be drained by removing a single pendent sprinkler.

3) Where flexible couplings or other easily separated connections are used, the nipple
and cap or plug shall be permitted to be omitted.

8.16.2.5.2.4 Tie-in drains shall not be required on wet pipe systems and preaction systems
protecting non-freezing environments.

8.16.2.5.3 Auxiliary Drains for Dry Pipe Systems and Preaction Systems.
8.16.2.5.3.1 Auxiliary drains located in areas subject to freezing shall be readily accessible.

8.16.2.5.3.2 Where the capacity of trapped sections of pipe is less than 5 gal (18.9 L), the
auxiliary drain shall consist of a valve not smaller than 2 in. (15 mm) and a plug or a nipple
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and cap.

8.16.2.5.3.3 Auxiliary drains are not for pipe drops supplying dry-pendent sprinklers
installed in accordance with 7.2.2.

8.16.2.5.3.4 Where the capacity of isolated trapped sections of system piping is more than 5
gal (18.9 L), the auxiliary drain shall consist of two 1 in. (25 mm) valves and one 2 in. x 12
in. (50 mm x 305 mm) condensate nipple or equivalent, accessibly located in accordance
with Figure 8.16.2.5.3.4.

Diry system
auxiliary
drain

1 i (25 mm) valve

2 in. = 124n, (80 m x 305 mm)
nipple or equivalent

1in. {25 mm) valve

1in. (25 mm) nipple and cap er plug

FIGURE 8.16.2.5.3.4 Dry System Auxiliary Drain.

8.16.2.5.3.5 Tie-in drains shall be provided for multiple adjacent trapped branch pipes and
shall be only 1 in. (25 mm). Tie-in drain lines shall be pitched a minimum of % in. per 10 ft (4
mm/m).

8.16.2.5.3.6 Systems with low point drains shall have a sign at the dry pipe or preaction
valve indicating the number of low point drains and the location of each individual drain.

8.16.2.6 Discharge of Drain Valves.
8.16.2.6.1* Direct interconnections shall not be made between sprinkler drains and sewers.
8.16.2.6.2 The drain discharge shall conform to any health or water department regulations.

8.16.2.6.3 Where drain pipes are buried underground, approved corrosion-resistant pipe
shall be used.

8.16.2.6.4 Drain pipes shall not terminate in blind spaces under the building.

8.16.2.6.5 Where exposed to the atmosphere, drain pipes shall be fitted with a turned-down
elbow.

8.16.2.6.6 Drain pipes shall be arranged to avoid exposing any part of the sprinkler system
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to freezing conditions.

8.16.3 Provision for Flushing Systems.

8.16.3.1 All sprinkler systems shall be arranged for flushing.

8.16.3.2 Readily removable fittings shall be provided at the end of all cross mains.
8.16.3.3 All cross mains shall terminate in 1% in. (32 mm) or larger pipe.

8.16.3.4 All branch lines on gridded systems shall be arranged to facilitate flushing.
8.16.4 Protection of Piping.

8.16.4.1 Protection of Piping Against Freezing.

8.16.4.1.1 Unless the requirements of 8.16.4.1.2 are met, where portions of systems are
subject to freezing and temperatures cannot reliably be maintained at or above 40°F (4°C),
sprinklers shall be installed as a dry pipe or preaction system.

8.16.4.1.2 Small unheated areas are permitted to be protected by antifreeze systems or by
other systems specifically listed for this purpose, including but not limited to listed heat
tracing systems.

8.16.4.1.3 Where aboveground water-filled supply pipes, risers, system risers, or feed mains
pass through open areas, cold rooms, passageways, or other areas exposed to temperatures
below 40°F (4°C), the pipe shall be protected against freezing by insulating coverings,
frostproof casings, listed heat tracing systems, or other reliable means capable of maintaining
a minimum temperature between 40°F (4°C) and 120°F (48.9°C).

8.16.4.1.4 Where listed heat tracing systems are used, they shall be supervised.

8.16.4.1.5 Where listed heat tracing is utilized for branch lines, it shall be specifically listed
for use on branch lines.

8.16.4.2 Protection of Piping Against Corrosion.

8.16.4.2.1* Where corrosive conditions are known to exist due to moisture or fumes from
corrosive chemicals or both, special types of fittings, pipes, and hangers that resist corrosion
shall be used, or a protective coating shall be applied to all unprotected exposed surfaces of
the sprinkler system.

8.16.4.2.2 Where water supplies or environmental conditions are known to have unusual
corrosive properties, piping shall have a corrosion resistance ratio (CRR) of 1 or more and
the system shall be treated in accordance with 23.1.5.

8.16.4.2.3 Where corrosive conditions exist or piping is exposed to the weather,
corrosion-resistant types of pipe, fittings, and hangers or protective corrosion-resistant
coatings shall be used.

8.16.4.2.4 Where steel pipe is used underground, the pipe shall be protected against
corrosion.

8.16.4.3 Protection of Piping in Hazardous Areas.
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8.16.4.3.1 Private service main aboveground piping shall not pass through hazardous areas
and shall be located so that it is protected from mechanical and fire damage.

8.16.4.3.2 Private service main aboveground piping shall be permitted to be located in
hazardous areas protected by an automatic sprinkler system.

8.16.5 Protection of Risers Subject to Mechanical Damage. Sprinkler risers subject to
mechanical damage shall be protected by steel posts, concrete barriers, or other approved
means.

8.17 System Attachments.
8.17.1* Sprinkler Alarms/Waterflow Alarms.

8.17.1.1 Local Waterflow Alarms. A local waterflow alarm shall be provided on every
sprinkler system having more than 20 sprinklers.

8.17.1.2 Retarding Devices.

8.17.1.2.1 On each alarm check valve used under conditions of variable water pressure, a
retarding device shall be installed.

L]

8.17.1.3 Alarm Bypass Test Connections.

8.17.1.3.1 Alarm, dry pipe, preaction, and deluge valves shall be fitted with an alarm bypass
test connection for an electric alarm switch, water motor gong, or both.

8.17.1.3.2 The alarm bypass test connection for alarm, dry pipe, preaction, and deluge
valves shall be made on the water supply side of the system and provided with a control
valve and drain for the alarm piping.

8.17.1.3.3 The alarm bypass test connection for alarm valves at the riser shall be permitted
to be made on the system side of an alarm valve.

8.17.1.3.4 A check valve shall be installed between the intermediate chamber of a dry pipe
valve and the waterflow alarm device so as to prevent flow from the alarm bypass test
connection from entering the intermediate chamber of a dry pipe valve during an alarm test
via the alarm bypass test connection.

8.17.1.4 Indicating Control Valves.

8.17.1.4.1 An indicating control valve shall be installed in the connection to pressure-type
contactors or water motor-operated alarm devices.

8.17.1.4.2 Such valves shall be sealed, locked, or electrically supervised in the open
position.

8.17.1.4.3 The control valve for the retarding chamber on alarm check valves shall be
accepted as complying with the requirements of 8.17.1.4.

8.17.1.5% Attachments — Mechanically Operated.

8.17.1.5.1 For all types of sprinkler systems employing water motor-operated alarms, a
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listed % in. (20 mm) strainer shall be installed at the alarm outlet of the waterflow detecting
device.

8.17.1.5.2 Where a retarding chamber is used in connection with an alarm valve, the strainer
shall be located at the outlet of the retarding chamber unless the retarding chamber is
provided with an approved integral strainer in its outlet.

8.17.1.6* Alarm Attachments — High-Rise Buildings. When a fire must be fought
internally due to the height of a building, the following additional alarm apparatus shall be
provided:

(1) Where each sprinkler system on each floor is equipped with a separate waterflow
device, it shall be connected to an alarm system in such a manner that operation of
one sprinkler will actuate the alarm system, and the location of the operated flow
device shall be indicated on an annunciator and/or register. The annunciator or
register shall be located at grade level at the normal point of fire department access,
at a constantly attended building security control center, or at both locations.

(2) Where the location within the protected buildings where supervisory or alarm signals
are received is not under constant supervision by qualified personnel in the employ of
the owner, a connection shall be provided to transmit a signal to a remote central
station.

(3) A distinct trouble signal shall be provided to indicate a condition that will impair the
satisfactory operation of the sprinkler system.

8.17.1.7 Sprinkler Waterflow Alarm for In-Rack Sprinklers. See Section C.4.
8.17.2* Fire Department Connections.

8.17.2.1* Unless the requirements of 8.17.2.2 are met, a fire department connection shall be
provided as described in 8.17.2 in accordance with Figure 8.17.2.1.
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FIGURE 8.17.2.1 Fire Department Connections.
8.17.2.2 The following systems shall not require a fire department connection:
(1) Buildings located in remote areas that are inaccessible for fire department support
(2) Large-capacity deluge systems exceeding the pumping capacity of the fire department
3) Single-story buildings not exceeding 2000 ft2 (186 m?) in area

8.17.2.3* Size. The size of the pipe for the fire department connection shall be in accordance
with one of the following:

(1) Pipe size shall be a minimum of 4 in. (100 mm) for fire engine connections.
(2) Pipe size shall be a minimum of 6 in. (150 mm) for fire boat connections.

3) For hydraulically calculated systems, the fire department connection shall be
permitted to be less than 4 in. (100 mm) and no less than the size of system riser,
where serving one system riser.

8.17.2.4* Arrangement. See Figure 8.17.2.1.

8.17.2.4.1* The fire department connection shall be on the system side of the water supply
check valve.

8.17.2.4.1.1 The fire department connection shall not be attached to branch line piping.

8.17.2.4.1.2 The fire department connection shall be permitted to be connected to main
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|piping on the system it serves.
8.17.2.4.2 For single systems, the fire department connection shall be installed as follows:

(1) Wet system — on the system side of system control, check, and alarm valves (see
Figure A.8.16.1.1)

(2) Dry system — between the system control valve and the dry pipe valve

3) Preaction system — between the preaction valve and the check valve on the system
side of the preaction valve

(4) Deluge system — on the system side of the deluge valve

8.17.2.4.3 For multiple systems, the fire department connection shall be connected between
the supply control valves and the system control valves.

8.17.2.4.4 The requirements of 8.17.2.4.2 and 8.17.2.4.3 shall not apply where the fire
department connection is connected to the underground piping.

8.17.2.4.5 Where a fire department connection services only a portion of a building, a sign
shall be attached indicating the portions of the building served.

8.17.2.4.6 Unless otherwise directed by the authority having jurisdiction, fire department
connections shall be on the street side of buildings and shall be located and arranged so that
hose lines can be readily and conveniently attached to the inlets without interference from
any nearby objects, including buildings, fences, posts, or other fire department connections.
The location shall be based on the requirements of the fire department.

8.17.2.4.7 Signs.

8.17.2.4.7.1 Each fire department connection to sprinkler systems shall be designated by a
sign having raised or engraved letters at least 1 in. (25.4 mm) in height on plate or fitting
reading service design — for example, AUTOSPKR., OPEN SPKR., AND STANDPIPE.

8.17.2.4.7.2 A sign shall also indicate the pressure required at the inlets to deliver the
greatest system demand.

8.17.2.4.7.3 The sign required in 8.17.2.4.7.2 shall not be required where the system
demand pressure is less than 150 psi (10.3 bar).

8.17.2.4.8 Fire department connections shall not be connected on the suction side of fire
pumps.

8.17.2.4.9 Fire department connections shall be properly supported.

8.17.2.5 Valves.

8.17.2.5.1 A listed check valve shall be installed in each fire department connection.
8.17.2.5.2 There shall be no shutoff valve in the fire department connection piping.

8.17.2.6 Drainage. The piping between the check valve and the outside hose coupling shall
be equipped with an approved automatic drip in areas subject to freezing.
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8.17.3 Gauges.

8.17.3.1 A pressure gauge with a connection not smaller than %4 in. (6 mm) shall be installed
at the system main drain, at each main drain associated with a floor control valve, and on the
inlet and outlet side of each pressure-reducing valve.

8.17.3.2 Each gauge connection shall be equipped with a shutoff valve and provisions for
draining.

8.17.3.3 The required pressure gauges shall be listed and shall have a maximum limit not
less than twice the normal system working pressure at the point where installed.

8.17.3.4 Gauges shall be installed to permit removal and shall be located where they will not
be subject to freezing.

8.17.4 System Connections.
8.17.4.1* Main Drain Test Connections.

8.17.4.1.1 Main drain test connections shall be provided at locations that will permit flow
tests of water supplies and connections.

8.17.4.1.2 They shall be so installed that the valve can be opened wide for a sufficient time
to assure a proper test without causing water damage.

8.17.4.1.3 Main drain connections shall be sized in accordance with 8.16.2.4 and 8.16.2.6.
8.17.4.2*% Wet Pipe Systems.

8.17.4.2.1 An alarm test connection not less than 1 in. (25 mm) in diameter, terminating in a
smooth bore corrosion-resistant orifice, giving a flow equal to or less than one sprinkler of a
type having the smallest orifice installed on the particular system, shall be provided to test
each waterflow alarm device for each system.

8.17.4.2.2 The test connection valve shall be readily accessible.

8.17.4.2.3 The discharge shall be to the outside, to a drain connection capable of accepting
full flow under system pressure, or to another location where water damage will not result.

8.17.4.2.4 The alarm test connection shall be permitted to be installed in any location on the
fire sprinkler system downstream of the waterflow alarm.

8.17.4.3* Dry Pipe Systems.

8.17.4.3.1 A trip test connection not less than 1 in. (25 mm) in diameter, terminating in a
smooth bore corrosion-resistant orifice, to provide a flow equivalent to one sprinkler of a
type installed on the particular system, shall be installed.

8.17.4.3.2 The trip test connection shall be located on the end of the most distant sprinkler
pipe in the upper story and shall be equipped with a readily accessible shutoff valve and plug
not less than 1 in. (25 mm), at least one of which shall be brass.

8.17.4.3.3 In lieu of a plug, a nipple and cap shall be acceptable.
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8.17.4.4 Preaction Systems.
8.17.4.4.1 A test connection shall be provided on a preaction system using supervisory air.

8.17.4.4.2 The connection used to control the level of priming water shall be considered
adequate to test the operation of the alarms monitoring the supervisory air pressure.

8.17.4.4.3 For double interlock preaction systems in excess of 750 gal (2840 L), a trip test
connection not less than 1 in. (25 mm) in diameter, terminating in a smooth bore
corrosion-resistant orifice to provide a flow equivalent to one sprinkler of a type installed on
the particular system, shall be installed.

8.17.4.4.4 For double interlock preaction systems in excess of 750 gal (2840 L), the trip test
connection shall be located on the end of the most distant sprinkler pipe in the upper story
and shall be equipped with a readily accessible shutoff valve and plug not less than 1 in. (25
mm), at least one of which shall be brass.

8.17.4.5 Deluge Systems. A test connection is not required on a deluge system.
8.17.4.6* Backflow Devices.

8.17.4.6.1* Backflow Prevention Valves. Means shall be provided downstream of all
backflow prevention valves for flow tests at system demand.

8.17.4.6.2 Retroactive Installation. When backflow prevention devices are to be
retroactively installed on existing systems, a thorough hydraulic analysis, including revised
hydraulic calculations, new fire flow data, and all necessary system modifications to
accommodate the additional friction loss, shall be completed as a part of the installation.

8.17.5 Hose Connections.
8.17.5.1 Small (1’2 in.) (38 mm) Hose Connections. See Section C.5.

8.17.5.1.1* Where required, small (1% in.) hose connections shall be installed. Valves shall
be available to reach all portions of the area with 100 ft (30.5 m) of hose plus 30 ft (9.1 m)
of hose stream distance.

8.17.5.1.1.1 Where the building is protected throughout by an approved automatic sprinkler
system, the presence of 1’4 in. (40 mm) hose lines for use by the building occupants shall not
be required, subject to the approval of the authority having jurisdiction.

8.17.5.1.2 The hose connections shall not be required to meet the requirements of Class II
hose systems defined by NFPA 14, Standard for the Installation of Standpipe and Hose
Systems.

8.17.5.1.3 Hose connections shall be supplied from one of the following:
(D) Outside hydrants
(2) A separate piping system for small hose connections

3) Valved hose connections on sprinkler risers where such connections are made
upstream of all sprinkler control valves
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(4)  Adjacent sprinkler systems

&) In rack storage areas, the ceiling sprinkler system in the same area (as long as in-rack
sprinklers are provided in the same area and are separately controlled)

8.17.5.1.4* Hose connections used for fire purposes only shall be permitted to be connected
to wet sprinkler systems only, subject to the following restrictions:

(1)  Hose connection's supply pipes shall not be connected to any pipe smaller than 2% in.
(65 mm) in diameter.

(2) The requirements of 8.17.5.1.4(1) shall not apply to hydraulically designed loops and
grids, where the minimum size pipe between the hose connection's supply pipe and
the source shall be permitted to be 2 in. (51 mm).

(3)  For piping serving a single hose connection, pipe shall be a minimum of 1 in. (25.4
mm) for horizontal runs up to 20 ft (6.1 m), a minimum of 1% in. (33 mm) for the
entire run for runs between 20 ft and 80 ft (6.1 m and 24.4 m), and a minimum of 1%
in. (38 mm) for the entire run for runs greater than 80 ft (24.4 m). For piping serving
multiple hose connections, runs shall be a minimum of 1% in. (38 mm) throughout.

4) Piping shall be at least 1 in. (25 mm) for vertical runs.

(%) When the pressure at any hose connection outlet exceeds 100 psi (6.9 bar), an
approved device shall be installed at the outlet to reduce the pressure at the outlet to
100 psi (6.9 bar).

8.17.5.2 Hose Connections for Fire Department Use.

8.17.5.2.1 In buildings of light or ordinary hazard occupancy, 2%z in. (64 mm) hose valves
for fire department use shall be permitted to be attached to wet pipe sprinkler system risers.

8.17.5.2.2* The following restrictions shall apply:

(D) Each connection from a standpipe that is part of a combined system to a sprinkler
system shall have an individual control valve and check valve of the same size as the
connection.

(2) The minimum size of the riser shall be 4 in. (102 mm) unless hydraulic calculations
indicate that a smaller size riser will satisfy sprinkler and hose stream allowances.

3) Each combined sprinkler and standpipe riser shall be equipped with a riser control
valve to permit isolating a riser without interrupting the supply to other risers from
the same source of supply. (For fire department connections serving standpipe and
sprinkler systems, refer to Section 6.8.)

Chapter 9 Hanging, Bracing, and Restraint of System Piping I

9.1 Hangers.
9.1.1* General.
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9.1.1.1 Unless the requirements of 9.1.1.2 are met, types of hangers shall be in accordance
with the requirements of Section 9.1.

9.1.1.2 Hangers certified by a registered professional engineer to include all of the following
shall be an acceptable alternative to the requirements of Section 9.1:

(D) Hangers shall be designed to support five times the weight of the water-filled pipe
plus 250 Ib (114 kg) at each point of piping support.

(2) These points of support shall be adequate to support the system.

(3)  The spacing between hangers shall not exceed the value given for the type of pipe as
indicated in Table 9.2.2.1(a) or Table 9.2.2.1(b).

(4)  Hanger components shall be ferrous.

&) Detailed calculations shall be submitted, when required by the reviewing authority,
showing stresses developed in hangers, piping, and fittings and safety factors
allowed.

9.1.1.3 Where water-based fire protection systems are required to be protected against
damage from earthquakes, hangers shall also meet the requirements of 9.3.7.

9.1.1.4 Listing.

9.1.1.4.1 Unless permitted by 9.1.1.4.2 or 9.1.1.4.3, the components of hanger assemblies
that directly attach to the pipe or to the building structure shall be listed.

9.1.1.4.2* Mild steel hangers formed from rods shall be permitted to be not listed.
9.1.1.4.3*% Fasteners as specified in 9.1.3, 9.1.4, and 9.1.5 shall be permitted to be not listed.

9.1.1.4.4 Other fasteners shall be permitted as part of a hanger assembly that has been
tested, listed, and installed in accordance with the listing requirements.

9.1.1.5 Component Material.

9.1.1.5.1 Unless permitted by 9.1.1.5.2 or 9.1.1.5.3, hangers and their components shall be
ferrous.

9.1.1.5.2 Nonferrous components that have been proven by fire tests to be adequate for the
hazard application, that are listed for this purpose, and that are in compliance with the other
requirements of this section shall be acceptable.

9.1.1.5.3 Holes through solid structural members shall be permitted to serve as hangers for
the support of system piping provided such holes are permitted by applicable building codes
and the spacing and support provisions for hangers of this standard are satisfied.

9.1.1.6* Trapeze Hangers.

9.1.1.6.1 For trapeze hangers, the minimum size of steel angle or pipe span between purlins
or joists shall be such that the available section modulus of the trapeze member from Table
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the support of system piping provided such holes are permitted by applicable building codes
and the spacing and support provisions for hangers of this standard are satisfied.

9.1.1.6* Trapeze Hangers.

9.1.1.6.1 For trapeze hangers, the minimum size of steel angle or pipe span between purlins
or joists shall be such that the available section modulus of the trapeze member from Table
9.1.1.6.1(b) equals or exceeds the section modulus required in Table 9.1.1.6.1(a).

Table 9.1.1.6.1(a) Section Modulus Required for Trapeze Memb«

Nominal Diameter of Pipe Being Supported

1in. 1% in. 17 in. 2 in. 2% in. 3in. 3% in. 4 in. Si

Spanof Trapeze 25mm 32mm 40mm SO0mm 65mm 80mm 90mm 100 mm 125

1 ft 6 in. (0.46) 0.08 0.09 0.09 0.09 0.10 0.11 0.12 0.13 0.
0.08 0.09 0.09 0.10 0.11 0.12 0.13 0.15 0.

2 ft 0 in. (0.61) 0.11 0.12 0.12 0.13 0.13 0.15 0.16 0.17 0..
0.11 0.12 0.12 0.13 0.15 0.16 0.18 0.20 0..

2 ft 6 in. (0.76) 0.14 0.14 0.15 0.16 0.17 0.18 0.20 0.21 0..
0.14 0.15 0.15 0.16 0.18 0.21 0.22 0.25 0..

3ft0in. (0.91) 0.17 0.17 0.18 0.19 0.20 0.22 0.24 0.26 0..
0.17 0.18 0.18 0.20 0.22 0.25 0.27 0.30 0..

4 ft 0in. (1.2) 0.22 0.23 0.24 0.25 0.27 0.29 0.32 0.34 0.
0.22 0.24 0.24 0.26 0.29 0.33 0.36 0.40 0.

5ft0in. (1.5) 0.28 0.29 0.30 0.31 0.34 0.37 0.40 0.43 0.:
0.28 0.29 0.30 0.33 0.37 0.41 0.45 0.49 0.1

6 ft 0in. (1.8) 0.33 0.35 0.36 0.38 0.41 0.44 0.48 0.51 0.1
0.34 0.35 0.36 0.39 0.44 0.49 0.54 0.59 0.

7 ft0in. (2.1) 0.39 0.40 0.41 0.44 0.47 0.52 0.55 0.60 0.
0.39 0.41 0.43 0.46 0.51 0.58 0.63 0.69 0.

8 ft0in. (2.4) 0.44 0.46 0.47 0.50 0.54 0.59 0.63 0.68 0.
0.45 0.47 0.49 0.52 0.59 0.66 0.72 0.79 0.!

9ft0in. (2.7) 0.50 0.52 0.53 0.56 0.61 0.66 0.71 0.77 0.!
0.50 0.53 0.55 0.59 0.66 0.74 0.81 0.89 1.

10 ft 0 in. (3.0) 0.56 0.58 0.59 0.63 0.68 0.74 0.79 0.85 1.
0.56 0.59 0.61 0.65 0.74 0.82 0.90 0.99 1.

For SI units, 1 in. =25.4 mm; 1 ft = 0.3048 m.

Notes:

(1) Top values are for Schedule 10 pipe; bottom values are for Schedule 40 pipe.

(2) The table is based on a maximum allowable bending stress of 15 ksi and a midspan concentrated load from
plus 250 1b (114 kg).
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Table 9.1.1.6.1(b) Available Section Moduli of
Common Trapeze Hangers (in.3)

Pipe (in.) Modulu Angles Modulus
S
Schedule 10
1 (25 mm) 0.12 | 11 1vsx He 0.10
1% (32 mm) 0.19 2% x Y 0.13
1% (40 mm) 0.26 5 x 1y x Hs 0.18
2 (50 mm) 0.42 5 x 2 x He 0.19
2% (65 mm) 0.69 2% 2% Y 0.25
3 (80 mm) LO4 | L0 v x He 0.28
3% (90 mm) 1.38 s x 2 x Hs 0.29
4 (100 mm) 1.76 2 x2x Hs 0.30
5 (125 mm) 303 | 5 o, x He 0.30
6 (150 mm) 435 2x2x 0.35
25 X 25 X Vi 0.39
32 x Hs 0.41
Schedule 40
1 (25 mm) 0.13 3% 214 x Hs 0.43
1% (32 mm) 0.23 33 x Hs 0.44
1% (40 mm) 033 | 51 on x Hs 0.48
2 (50 mm) 0.56 3x2xY 0.54
2Y% (65 mm) 1.06 2 x 2 x T 0.55
3 (80 mm) 1.72 214 x 2V x To 0.57
3% (90 mm) 2.39 3x3xY% 0.58
4 (100 mm) 3.21 33 x Hs 0.71
5 (125 mm) 5.45 25 X 2Y5 X Vs 0.72
6 (150 mm) 8.50 31 x 2% % Vi 0.75
3 x 214 x % 0.81
3x3 x b 0.83
31 x 21 x ‘s 0.93
3 %3 x M 0.95
4x4xY 1.05
3x3x% 1.07
4x3x Hs 1.23
4xax K 1.29
4 x3x % 1.46
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Table 9.1.1.6.1(b) Available Section Moduli of
Common Trapeze Hangers (in.3)

Pipe (in.) Modulu Angles Modulus
S
4 x4 x?f"é 1.52
5 % 314 x e 1.94
4 x4 x 1.97
4 x4 x f/"é 2.40
4 x4 x¥ 2.81
6 x 4 x % 3.32
6x4x 4.33
6 x4 x3% 6.25
6x6x1 8.57

For SI units, 1 in. =25.4 mm; 1 ft = 0.3048 m.

9.1.1.6.2 Any other sizes or shapes giving equal or greater section modulus shall be
acceptable.

9.1.1.6.3 All angles shall be installed with the longer leg vertical.
9.1.1.6.4 The trapeze member shall be secured to prevent slippage.

9.1.1.6.5* All components of each hanger assembly that attach to a trapeze member shall
conform to 9.1.1.4 and be sized to support the suspended sprinkler pipe.

9.1.1.6.6 The ring, strap, or clevis installed on a pipe trapeze shall be manufactured to fit
the pipe size of the trapeze member.

9.1.1.6.7 Holes for bolts shall not exceed *is in. (1.6 mm) greater than the diameter of the
bolt.

9.1.1.6.8 Bolts shall be provided with a flat washer and nut.

9.1.1.7* Support of Non-System Components. Sprinkler piping or hangers shall not be
used to support non-system components.

9.1.2 Hanger Rods.

9.1.2.1 Unless the requirements of 9.1.2.2 are met, hanger rod size shall be the same as that
approved for use with the hanger assembly, and the size of rods shall not be less than that
given in Table 9.1.2.1.

Table 9.1.2.1 Hanger Rod Sizes

Pipe Size Diameter of Rod

in. mm in. mm
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Table 9.1.2.1 Hanger Rod Sizes

Pipe Size Diameter of Rod

in. mm in. mm
Up to and 100 mm # 9.5
including 4
in.
5in., 6 in., 125 mm, 150 Vs 12.7
and 8 in. mm, 200 mm
10 in. and 250 mm, 300 % 15.9
12 in. mm

9.1.2.2 Rods of smaller diameters than indicated in Table 9.1.2.1 shall be permitted where
the hanger assembly has been tested and listed by a testing laboratory and installed within the
limits of pipe sizes expressed in individual listings.

9.1.2.3* Hanger rods shall be installed so that lateral gravity loads are not induced on the
rods.

9.1.2.4 U-Hooks. The size of the rod material of U-hooks shall not be less than that given in
Table 9.1.2.4.

Table 9.1.2.4 U-Hook Rod Sizes

Pipe Size Hook Material Diameter

in. mm in. mm
Up to and 50 mm e 7.9
including 2 in.
2%in.to6in. 65 mm to 150 % 9.5

mm

8 in. 200 mm Ya 12.7
9.1.2.5 Eye Rods.

9.1.2.5.1 The size of the rod material for eye rods shall not be less than specified in Table
9.1.2.5.1.

Table 9.1.2.5.1 Eye Rod Sizes

Diameter of Rod

Pipe Size With Bent Eye With Welded Eye
in. mm in. mm in. mm
Up to and 100 mm # 9.5 # 9.5
including 4
in.
5in., 6 in. 125 mm, Ya 12.7 Ya 12.7
150 mm
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Table 9.1.2.5.1 Eye Rod Sizes

Diameter of Rod

Pipe Size With Bent Eye With Welded Eye
in. mm in. mm in. mm
|8 in. 200 mm % 19.1 v 12.7

9.1.2.5.2 Eye rods shall be secured with lock washers to prevent lateral motion.

9.1.2.5.3 Where eye rods are fastened to wood structural members, the eye rod shall be
backed with a large flat washer bearing directly against the structural member, in addition to
the lock washer.

9.1.2.6 Threaded Sections of Rods. Threaded sections of rods shall not be formed or bent.
9.1.3 Fasteners in Concrete.

9.1.3.1 Unless prohibited by 9.1.3.2 or 9.1.3.3, the use of listed inserts set in concrete and
listed post-installed anchors to support hangers shall be permitted for mains and branch lines.

9.1.3.2 Post-installed anchors shall not be used in cinder concrete, except for branch lines
where the post-installed anchors are alternated with through-bolts or hangers attached to
beams.

9.1.3.3 Post-installed anchors shall not be used in ceilings of gypsum or other similar soft
material.

9.1.3.4 Unless the requirements of 9.1.3.5 are met, post-installed anchors shall be installed
in a horizontal position in the sides of concrete beams.

9.1.3.5 Post-installed anchors shall be permitted to be installed in the vertical position under
the following conditions:

(1) When used in concrete having gravel or crushed stone aggregate to support pipes 4
in. (100 mm) or less in diameter

(2) When post-installed anchors are alternated with hangers connected directly to the
structural members, such as trusses and girders, or to the sides of concrete beams [to
support pipe 5 in. (125 mm) or larger]

(3)  When post-installed anchors are spaced not over 10 ft (3 m) apart [to support pipe 4
in. (100 mm) or larger]

9.1.3.6 Holes for post-installed anchors in the side of beams shall be above the centerline of
the beam or above the bottom reinforcement steel rods.

9.1.3.7 Holes for post-installed anchors used in the vertical position shall be drilled to
provide uniform contact with the shield over its entire circumference.

9.1.3.8 The depth of the post-installed anchor hole shall not be less than specified for the
type of shield used.
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9.1.3.9 Powder-Driven Studs.

9.1.3.9.1 Powder-driven studs, welding studs, and the tools used for installing these devices
shall be listed.

9.1.3.9.2 Pipe size, installation position, and construction material into which they are
installed shall be in accordance with individual listings.

9.1.3.9.3*% Representative samples of concrete into which studs are to be driven shall be
tested to determine that the studs will hold a minimum load of 750 1b (341 kg) for 2 in. (50
mm) or smaller pipe; 1000 Ib (454 kg) for 2% in., 3 in., or 3% in. (65 mm, 80 mm, or 90
mm) pipe; and 1200 b (545 kg) for 4 in. or 5 in. (100 mm or 125 mm) pipe.

9.1.3.9.4 Increaser couplings shall be attached directly to the powder-driven studs.
9.1.3.10 Minimum Bolt Size for Concrete.

9.1.3.10.1 The size of a bolt used with a hanger and installed through concrete shall not be
less than specified in Table 9.1.3.10.1.

Table 9.1.3.10.1 Minimum Bolt Size for Concrete

Pipe Size Size of Bolt
in. mm in. mm

Up to and 100 mm # 10
including 4 in.

5in. 125 mm Ya 13
6 in. 150 mm

8 in. 200 mm

10 in. 250 mm % 15
12 in. 300 mm Ya 20

9.1.3.10.2 Holes for bolts shall not exceed s in. (1.6 mm) greater than the diameter of the
bolt.

9.1.3.10.3 Bolts shall be provided with a flat washer and nut.
9.1.4 Fasteners in Steel.

9.1.4.1* Powder-driven studs, welding studs, and the tools used for installing these devices
shall be listed.

9.1.4.2 Pipe size, installation position, and construction material into which they are installed
shall be in accordance with individual listings.

9.1.4.3 Increaser couplings shall be attached directly to the powder-driven studs or welding
studs.

9.1.4.4 Welding studs or other hanger parts shall not be attached by welding to steel less
than U.S. Standard, 12 gauge (2.78 mm).
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9.1.4.5 Minimum Bolt Size for Steel.

9.1.4.5.1 The size of a bolt used with a hanger and installed through steel shall not be less
than specified in Table 9.1.4.5.1.

Table 9.1.4.5.1 Minimum Bolt Size for Steel

Pipe Size Size of Bolt

in. mm in. mm
Up to and 100 mm # 10
including 4 in.
5in. 125 mm Vs 12
6 in. 150 mm
8 in. 200 mm
10 in. 250 mm % 15
12 in. 300 mm Ya 20

9.1.4.5.2 Holes for bolts shall not exceed *is in. (1.6 mm) greater than the diameter of the
bolt.

9.1.4.5.3 Bolts shall be provided with a flat washer and nut.
9.1.5 Fasteners in Wood.
9.1.5.1 Drive Screws.

9.1.5.1.1 Drive screws shall be used only in a horizontal position as in the side of a beam
and only for 2 in. (50 mm) or smaller pipe.

9.1.5.1.2 Drive screws shall only be used in conjunction with hangers that require two
points of attachments.

9.1.5.2 Ceiling Flanges and U-Hooks with Screws.

9.1.5.2.1 Unless the requirements of 9.1.5.2.2 or 9.1.5.2.3 are met, for ceiling flanges and
U-hooks, screw dimensions shall not be less than those given in Table 9.1.5.2.1.

Table 9.1.5.2.1 Screw Dimensions for Ceiling
Flanges and U-Hooks

Pipe Size Two Screw Ceiling
Flanges
Up to and 50 mm Wood screw No. 18 x 1%
including 2 in. in.

or

Lag screw Hs in. X 1%
in.

Pipe Size Three Screw Ceiling
Flanges
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Table 9.1.5.2.1 Screw Dimensions for Ceiling
Flanges and U-Hooks

Pipe Size Two Screw Ceiling
Flanges
Up to and 50 mm Wood screw No.18 x 1
including 2 in. in.
2% in., 3 in., 65 mm 80 mm 90 | [ 55 screw % in. x 2 in.
3% in. mm
4in.,51in., 6 in. | 100 mm 125 mm |Lag screw %2 in. X 2 in.
150 mm
8 in. 200 mm Lag screw % in. x 2 in.
Pipe Size Four Screw Ceiling
Flanges
Up to and 50 mm Wood screw No. 18 x 1%
including 2 in. in.
2% in., 3 in., 65 mm 80 mm 90 | [ 55 screw % in. x 1% in.
3% in. mm
4in.,5in., 6 in. | 100 mm 125 mm |Lag screw %2 in. X 2 in.
150 mm
8 in. 200 mm Lag screw % in. x 2 in.
Pipe Size U-Hooks
Up to and 50 mm Drive screw No. 16 x 2
including 2 in. in.
2% in., 3 in., 65 mm 80 mm 90 | [ 55 screw % in. x 2% in.
3% in. mm
4in.,51in., 6 in. | 100 mm 125 mm |Lag screw %2 in. X 3 in.
150 mm
8 in. 200 mm Lag screw % in. x 3 in.

9.1.5.2.2 When the thickness of planking and thickness of flange do not permit the use of
screws 2 in. (50 mm) long, screws 1% in. (45 mm) long shall be permitted with hangers
spaced not over 10 ft (3 m) apart.

9.1.5.2.3 When the thickness of beams or joists does not permit the use of screws 2% in. (60
mm) long, screws 2 in. (50 mm) long shall be permitted with hangers spaced not over 10 ft
(3 m) apart.

9.1.5.3 Bolt or Lag Screw.

9.1.5.3.1 Unless the requirements of 9.1.5.3.2 are met, the size of bolt or lag screw used
with a hanger and installed on the side of the beam shall not be less than specified in Table
9.1.5.3.1.

Table 9.1.5.3.1 Minimum Bolt or Lag Screw Sizes for Side of Beam
Installation
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TeleJeIel ULLUODS UIC ICTHULCHICLILS UL 7.1.0.0.4 alC 11ICL, UIC 514C U1 DUIL UL 1dg SUICW udCu
with a hanger and installed on the side of the beam shall not be less than specified in Table
9.1.5.3.1.

Table 9.1.5.3.1 Minimum Bolt or Lag Screw Sizes for Side of Beam

Installation
Size of Bolt or Lag Length of Lag Screw
Pipe Size Screw Used with Wood Beams
in. mm in. mm in. mm

Up to and 50 mm # 10 2% 64
including 2 in.
2Y5 in, to 6 in. 65 mm-— Ya 12 3 76
(inclusive) 150 mm
8 in. 200 mm % 15 3 76

9.1.5.3.2 Where the thickness of beams or joists does not permit the use of screws 2% in.
(60 mm) long, screws 2 in. (50 mm) long shall be permitted with hangers spaced not over 10
ft (3 m) apart.

9.1.5.3.3 All holes for lag screws shall be pre-drilled ¥ in. (3.2 mm) less in diameter than
the maximum root diameter of the lag screw thread.

9.1.5.3.4 Holes for bolts shall not exceed *is in. (1.6 mm) greater than the diameter of the
bolt.

9.1.5.3.5 Bolts shall be provided with a flat washer and nut.

9.1.5.4 Wood Screws. Wood screws shall be installed with a screwdriver.
9.1.5.5 Nails. Nails shall not be acceptable for fastening hangers.

9.1.5.6 Screws in Side of Timber or Joists.

9.1.5.6.1 Screws in the side of a timber or joist shall be not less than 2% in. (64 mm) from
the lower edge where supporting branch lines and not less than 3 in. (76 mm) where
supporting main lines.

9.1.5.6.2 The requirements of 9.1.5.6.1 shall not apply to 2 in. (51 mm) or thicker nailing
strips resting on top of steel beams.

9.1.5.7 Coach Screw Rods.

9.1.5.7.1 Minimum Coach Screw Rod Size. The size of coach screw rods shall not be less
than the requirements of Table 9.1.5.7.1.

Table 9.1.5.7.1 Minimum Coach Screw Rod Size

Pipe Size Diameter of Rod Minimum Penetration

in. mm in. mm in. mm
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Table 9.1.5.7.1 Minimum Coach Screw Rod Size

Pipe Size Diameter of Rod Minimum Penetration
in. mm in. mm in. mm
Up to and including 4 100 mm 3/8 10 3 76
in.
Larger than 4 in. 100 mm Not permitted Not permitted | Not permitted Not permitted

9.1.5.7.2 The minimum plank thickness and the minimum width of the lower face of beams
or joists in which coach screw rods are used shall be not less than that specified in Table
9.1.5.7.2.

Table 9.1.5.7.2 Minimum Plank Thicknesses and Beam or

Joist Widths
Nominal Plank Nominal Width of
Pipe Size Thickness Beam or Joist Face
in. mm in. mm in. mm

Up to and 50 mm 3 76 2 51
including 2 in.
25 in. 65 mm 4 102 2 51
3in. 80 mm
3% in. 90 mm
4 in. 100 mm 4 102 3 76

9.1.5.7.3 Coach screw rods shall not be used for support of pipes larger than 4 in. (100 mm)
in diameter.

9.1.5.7.4 All holes for coach screw rods shall be predrilled ¥ in. (3.2 mm) less in diameter
than the maximum root diameter of the wood screw thread.

9.2* Installation of Pipe Hangers.
9.2.1 General.
9.2.1.1 Ceiling Sheathing.

9.2.1.1.1 Unless the requirements of 9.2.1.1.2 are met, sprinkler piping shall be supported
independently of the ceiling sheathing.

9.2.1.1.2 Toggle hangers shall be permitted only for the support of pipe 1'% in. (40 mm) or
smaller in size under ceilings of hollow tile or metal lath and plaster.

9.2.1.2 Storage Racks. Where sprinkler piping is installed in storage racks, piping shall be
supported from the storage rack structure or building in accordance with all applicable
provisions of Sections 9.2 and 9.3.

9.2.1.3* Building Structure.
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9.2.1.3.1 Unless the requirements of 9.2.1.3.3 apply, sprinkler piping shall be substantially
supported from the building structure, which must support the added load of the water-filled
pipe plus a minimum of 250 Ib (114 kg) applied at the point of hanging, except where
permitted by 9.2.1.1.2,9.2.1.3.3, and 9.2.1.4.1.

9.2.1.3.2 Trapeze hangers shall be used where necessary to transfer loads to appropriate
structural members.

9.2.1.3.3* Flexible Sprinkler Hose Fittings.

9.2.1.3.3.1 Listed flexible sprinkler hose fittings and their anchoring components intended
for use in installations connecting the sprinkler system piping to sprinklers shall be installed
in accordance with the requirements of the listing, including any installation instructions.

9.2.1.3.3.2 When installed and supported by suspended ceilings, the ceiling shall meet
ASTM C 635, Standard Specification for the Manufacture, Performance, and Testing of
Metal Suspension Systems for Acoustical Tile and Lay-In Panel Ceilings, and shall be
installed in accordance with ASTM C 636, Standard Practice for Installation of Metal
Ceiling Suspension Systems for Acoustical Tile and Lay-In Panels.

9.2.1.3.3.3* Where flexible sprinkler hose fittings exceed 6 ft (1.83 m) in length and are
supported by a suspended ceiling, a hanger(s) attached to the structure shall be required to
ensure that the maximum unsupported length does not exceed 6 ft (1.83 m).

9.2.1.4 Metal Deck.

9.2.1.4.1* Branch line hangers attached to metal deck shall be permitted only for the
support of pipe 1 in. (25 mm) or smaller in size, by drilling or punching the vertical portion
of the metal deck and using through bolts.

9.2.1.4.2 The distance from the bottom of the bolt hole to the bottom of the vertical member
shall be not less than # in. (9.5 mm).

9.2.1.5 Where sprinkler piping is installed below ductwork, piping shall be supported from
the building structure or from the ductwork supports, provided such supports are capable of
handling both the load of the ductwork and the load specified in 9.2.1.3.1.

9.2.2* Maximum Distance Between Hangers.

9.2.2.1 The maximum distance between hangers shall not exceed that specified in Table
9.2.2.1(a) or Table 9.2.2.1(b), except where the provisions of 9.2.4 apply.

Table 9.2.2.1(a) Maximum Distance Between Hangers (ft-ii

Nominal Pipe Size (in.)

Y4 1 1% 12 2 2% 3 3%
Steel pipe except threaded lightwall N/A 12-0 12-0 15-0 15-0 15-0 15-0 15-C
Threaded lightwall steel pipe N/A 12-0 12-0 12-0 12-0 12-0 12-0 N/A
Copper tube 8-0 8-0 10-0 10-0 12-0 12-0 12-0 15-C
CPVC 5-6 6-0 6-6 7-0 8-0 9-0 10-0 N/A
Polybutylene (IPS) N/A 3-9 4-7 5-0 5-11 N/A N/A N/A
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Table 9.2.2.1(a) Maximum Distance Between Hangers (ft-ii

Nominal Pipe Size (in.)

Y4 1 1% 12 2 2% 3 3%
Polybutylene (CTS) 2-11 3-4 3-11 4-5 5-5 N/A N/A N/A
Ductile iron pipe N/A N/A N/A N/A N/A N/A 15-0 N/A

Note: IPS iron — pipe size; CTS — copper tube size.

Table 9.2.2.1(b) Maximum Distance Between Hangers (metric

Nominal Pipe Size (m)

20 25 32 40 50 65 80 90
Steel pipe except threaded lightwall ~— N/A 3.66 3.66 4.57 4.57 4.57 4.57 4.57
Threaded lightwall steel pipe N/A 3.66  3.66 3.66 3.66 3.66 3.66 NA
Copper tube 2.44 244  3.05 3.05 3.66 3.66 3.66 4.57
CPVC 1.68 1.83 1.98 2.13 2.44 274  3.05 NA
Polybutylene (IPS) N/A 1.14 1.4 1.52 1.8 NA NA NA
Polybutylene (CTS) 0.89 1.02 1.19 1.35 1.65 N/A  NA NA
Ductile iron pipe N/A N/A N/A N/A N/A N/A 4.57 N/A

Note: IPS iron — pipe size; CTS — copper tube size.

9.2.2.2 The maximum distance between hangers for listed nonmetallic pipe shall be modified
as specified in the individual product listings.

9.2.3 Location of Hangers on Branch Lines.

9.2.3.1 Subsection 9.2.3 shall apply to the support of steel pipe or copper tube as specified
in 6.3.1 and subject to the provisions 0f 9.2.2.

9.2.3.2* Minimum Number of Hangers.

9.2.3.2.1 Unless the requirements 0f9.2.3.2.2 or 9.2.3.2.3 are met, there shall be not less
than one hanger for each section of pipe.

9.2.3.2.2* Where sprinklers are spaced less than 6 ft (1.8 m) apart, hangers spaced up to a
maximum of 12 ft (3.7 m) shall be permitted.

9.2.3.2.3*% Starter lengths less than 6 ft (1.8 m) shall not require a hanger, unless on the end
line of a sidefeed system or where an intermediate cross main hanger has been omitted.

9.2.3.3 Clearance to Hangers. The distance between a hanger and the centerline of an
upright sprinkler shall not be less than 3 in. (76 mm).

9.2.3.4* Unsupported Lengths.

9.2.3.4.1 The unsupported length between the end sprinkler and the last hanger on the line
shall not be greater than 36 in. (0.9 m) for 1 in. (25 mm) pipe, 48 in. (1.2 m) for 1% in. (32
mm) pipe, and 60 in. (1.5 m) for 1'% in. (40 mm) or larger pipe.
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9.2.3.4.2 For copper tube, the unsupported length between the end sprinkler and the last
hanger on the line shall not be greater than 18 in. (457 mm) for 1 in. (25 mm) pipe, 24 in.
(610 mm) for 1% in. (32 mm) pipe, and 30 in. (762 mm) for 1% in. (40 mm) or larger pipe.

9.2.3.4.3 Where the limits 0£9.2.3.4.1 and 9.2.3.4.2 are exceeded, the pipe shall be
extended beyond the end sprinkler and shall be supported by an additional hanger.

9.2.3.4.4* Unsupported Length with Maximum Pressure Exceeding 100 psi (6.9 bar)
and a Branch Line Above a Ceiling Supplying Sprinklers in a Pendent Position Below
the Ceiling.

9.2.3.4.4.1 When the maximum static or flowing pressure, whichever is greater at the
sprinkler, applied other than through the fire department connection, exceeds 100 psi (6.9
bar) and a branch line above a ceiling supplies sprinklers in a pendent position below the
ceiling, the hanger assembly supporting the pipe supplying an end sprinkler in a pendent
position shall be of a type that prevents upward movement of the pipe.

9.2.3.4.4.2 The unsupported length between the end sprinkler in a pendent position or drop
nipple and the last hanger on the branch line shall not be greater than 12 in. (305 mm) for
steel pipe or 6 in. (152 mm) for copper pipe.

9.2.3.4.4.3 When the limit 0£9.2.3.4.4.2 is exceeded, the pipe shall be extended beyond the
end sprinkler and supported by an additional hanger.

9.2.3.4.4.4 The hanger closest to the sprinkler shall be of a type that prevents upward
movement of the piping.

9.2.3.5* Unsupported Armover Length.

9.2.3.5.1 The cumulative horizontal length of an unsupported armover to a sprinkler,
sprinkler drop, or sprig shall not exceed 24 in. (610 mm) for steel pipe or 12 in. (305 mm)
for copper tube.

9.2.3.5.2* Unsupported Armover Length with Maximum Pressures Exceeding 100 psi
(6.9 bar) and a Branch Line Above a Ceiling Supplying Sprinklers in a Pendent
Position Below the Ceiling.

9.2.3.5.2.1 Where the maximum static or flowing pressure, whichever is greater at the
sprinkler, applied other than through the fire department connection, exceeds 100 psi (6.9
bar) and a branch line above a ceiling supplies sprinklers in a pendent position below the
ceiling, the cumulative horizontal length of an unsupported armover to a sprinkler or
sprinkler drop shall not exceed 12 in. (305 mm) for steel pipe and 6 in. (152 mm) for copper
tube.

9.2.3.5.2.2 The hanger closest to the sprinkler shall be of a type that prevents upward
movement of the piping.

9.2.3.6 Wall-mounted sidewall sprinklers shall be restrained to prevent movement.
9.2.3.7 Sprigs. Sprigs 4 ft (1.2 m) or longer shall be restrained against lateral movement.

9.2.4 Location of Hangers on Mains.
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9.2.4.1 Unless the requirements 0f9.2.4.2, 9.2.4.3,9.2.4.4, or 9.2.4.5 are met, hangers for
mains shall be in accordance with 9.2.2, between each branch line, or on each section of pipe,
whichever is the lesser dimension.

9.2.4.2 For cross mains in steel pipe systems in bays having two branch lines, the
intermediate hanger shall be permitted to be omitted, provided that a hanger attached to a
purlin is installed on each branch line located as near to the cross main as the location of the
purlin permits. The remaining branch line hangers shall be installed in accordance with 9.2.3.

9.2.4.3 For cross mains in steel pipe systems only in bays having three branch lines, either
side or center feed, one (only) intermediate hanger shall be permitted to be omitted, provided
that a hanger attached to a purlin is installed on each branch line located as near to the cross
main as the location of the purlin permits. The remaining branch line hangers shall be
installed in accordance with 9.2.3.

9.2.4.4 For cross mains in steel pipe systems only in bays having four or more branch lines,
either side or center feed, two intermediate hangers shall be permitted to be omitted,
provided the maximum distance between hangers does not exceed the distances specified in
9.2.2 and a hanger attached to a purlin on each branch line is located as near to the cross
main as the purlin permits.

9.2.4.5 At the end of the main, intermediate trapeze hangers shall be installed unless the
main is extended to the next framing member with a hanger installed at this point, in which
event an intermediate hanger shall be permitted to be omitted in accordance with 9.2.4.2,
9.2.43,and 9.2.4.4.

9.2.5 Support of Risers.

9.2.5.1 Risers shall be supported by riser clamps or by hangers located on the horizontal
connections within 24 in. (610 mm) of the centerline of the riser.

9.2.5.2 Riser clamps supporting risers by means of set screws shall not be used.

9.2.5.3*% Riser clamps anchored to walls using hanger rods in the horizontal position shall
not be permitted to vertically support risers.

9.2.5.4 Multistory Buildings.

9.2.5.4.1 In multistory buildings, riser supports shall be provided at the lowest level, at each
alternate level above, above and below offsets, and at the top of the riser.

9.2.5.4.2* Supports above the lowest level shall also restrain the pipe to prevent movement
by an upward thrust where flexible fittings are used.

9.2.5.4.3 Where risers are supported from the ground, the ground support shall constitute
the first level of riser support.

9.2.5.4.4 Where risers are offset or do not rise from the ground, the first ceiling level above
the offset shall constitute the first level of riser support.

9.2.5.5 Distance between supports for risers shall not exceed 25 ft (7.6 m).
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9.2.6* Pipe Stands.

9.2.6.1 Pipe stands shall be sized to support a minimum of 5 times the weight of the
water-filled pipe, plus 250 1b (114 kg).

9.2.6.2 Where pipe stands are utilized, they shall be approved.

9.3 Protection of Piping Against Damage Where Subject to Earthquakes.
9.3.1* General.

9.3.1.1 Where water-based fire protection systems are required to be protected against
damage from earthquakes, the requirements of Section 9.3 shall apply, unless the
requirements of 9.3.1.2 are met.

9.3.1.2 Alternative methods of providing earthquake protection of sprinkler systems based
on a seismic analysis certified by a registered professional engineer such that system
performance will be at least equal to that of the building structure under expected seismic
forces shall be permitted.

9.3.1.3 Displacement due to story drift is addressed in 9.3.2 through 9.3.4.

9.3.1.4 Obstructions to Sprinklers. Braces and restraints shall not obstruct sprinklers and
shall comply with the obstruction rules of Chapter 8.

9.3.2* Couplings.

9.3.2.1 Listed flexible pipe couplings joining grooved end pipe shall be provided as flexure
joints to allow individual sections of piping 2% in. (65 mm) or larger to move differentially
with the individual sections of the building to which it is attached.

9.3.2.2 Couplings shall be arranged to coincide with structural separations within a building.

9.3.2.3 Systems having more flexible couplings than required by this section shall be
provided with additional sway bracing as required in 9.3.5.3.7. The flexible couplings shall be
installed as follows:

(1) Within 24 in. (610 mm) of the top and bottom of all risers, unless the following
provisions are met:

(a) Inrisers less than 3 ft (0.9 m) in length, flexible couplings are permitted to be
omitted.

(b) Inrisers 3 ft to 7 ft (0.9 m to 2.1 m) in length, one flexible coupling is adequate.

(2) Within 12 in. (305 mm) above and within 24 in. (610 mm) below the floor in
multistory buildings. When the flexible coupling below the floor is above the tie-in
main to the main supplying that floor, a flexible coupling shall be provided in
accordance with one of the following:

(a)* On the horizontal portion within 24 in. (610 mm) of the tie-in where the tie-in is
horizontal

(b)* On the vertical portion of the tie-in where the tie-in incorporates a riser
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3) On both sides of concrete or masonry walls within 1 ft (305 mm) of the wall surface,
unless clearance is provided in accordance with 9.3.4

(4)*  Within 24 in. (610 mm) of building expansion joints

&) Within 24 in. (610 mm) of the top of drops exceeding 15 ft (4.6 m) in length to
portions of systems supplying more than one sprinkler, regardless of pipe size

(6)  Above and below any intermediate points of support for a riser or other vertical pipe

9.3.2.4* Flexible Couplings for Drops. Flexible couplings for drops to hose lines, rack
sprinklers, and mezzanines shall be installed regardless of pipe sizes as follows:

(1) Within 24 in. (610 mm) of the top of the drop

(2) Within 24 in. (610 mm) above the uppermost drop support attachment, where drop
supports are provided to the structure, rack, or mezzanine

3) Within 24 in. (610 mm) above the bottom of the drop where no additional drop
support is provided

9.3.3* Seismic Separation Assembly.

9.3.3.1 An approved seismic separation assembly shall be installed where sprinkler piping,
regardless of size, crosses building seismic separation joints above ground level.

9.3.3.2 Seismic separation assemblies shall consist of flexible fittings or flexible piping so as
to allow movement sufficient to accommodate closing of the separation, opening of the
separation to twice its normal size, and movement relative to the separation in the other two
dimensions in an amount equal to the separation distance.

9.3.3.3*% The seismic separation assembly shall include a four-way brace upstream and
downstream within 6 ft (1.83 m) of the seismic separation assembly.

9.3.3.4 Bracing shall not be attached to the seismic separation assembly.
9.3.4* Clearance.

9.3.4.1 Clearance shall be provided around all piping extending through walls, floors,
platforms, and foundations, including drains, fire department connections, and other auxiliary
piping.

9.3.4.2 Unless the requirements 0f 9.3.4.3, 9.3.4.4, or 9.3.4.5 are met, where pipe passes
through holes in platforms, foundations, walls, or floors, the holes shall be sized such that the
diameter of the holes is nominally 2 in. (50 mm) larger than the pipe for pipe 1 in. (25 mm)
nominal to 3% in. (90 mm) nominal and 4 in. (100 mm) larger than the pipe for pipe 4 in.
(100 mm) nominal and larger.

9.3.4.3 Where clearance is provided by a pipe sleeve, a nominal diameter 2 in. (50 mm)
larger than the nominal diameter of the pipe is acceptable for pipe sizes 1 in. (25 mm)
through 3’2 in. (90 mm), and the clearance provided by a pipe sleeve of nominal diameter 4
in. (100 mm) larger than the nominal diameter of the pipe is acceptable for pipe sizes 4 in.
(100 mm) and larger.
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9.3.4.4 No clearance is required for piping passing through gypsum board or equally
frangible construction that is not required to have a fire resistance rating.

9.3.4.5 No clearance is required if flexible couplings are located within 1 ft (305 mm) of
each side of a wall, floor, platform, or foundation.

9.3.4.6 No clearance is required where horizontal piping passes perpendicularly through
successive studs or joists that form a wall or floor/ceiling assembly.

9.3.4.7 No clearance is required where nonmetallic pipe has been demonstrated to have
inherent flexibility equal to or greater than the minimum provided by flexible couplings
located within 1 ft (305 mm) of each side of a wall, floor, platform, or foundation.

9.3.4.8 Where required, the clearance shall be filled with a flexible material that is
compatible with the piping material.

9.3.4.9 Clearance from structural members not penetrated or used, collectively or
independently, to support the piping shall be at least 2 in. (50 mm).

9.3.5* Sway Bracing.
9.3.5.1 General.

9.3.5.1.1 The system piping shall be braced to resist both lateral and longitudinal horizontal
seismic loads and to prevent vertical motion resulting from seismic loads.

9.3.5.1.2 The structural components to which bracing is attached shall be determined to be
capable of resisting the added applied seismic loads.

9.3.5.1.3* Horizontal loads on system piping shall be determined in accordance with 9.3.5.6.
9.3.5.2 Sway Bracing.

9.3.5.2.1 Sway braces shall be designed to withstand forces in tension and compression,
unless the requirements of 9.3.5.2.2 are met.

9.3.5.2.2*% Tension-only bracing systems shall be permitted for use where listed for this
service and where installed in accordance with their listing limitations, including installation
instructions.

9.3.5.3 Lateral Sway Bracing.

9.3.5.3.1*% Lateral sway bracing shall be provided on all feed and cross mains regardless of
size and all branch lines and other piping with a diameter of 2 ' in. (65 mm) and larger.

9.3.5.3.2% Lateral sway bracing shall be spaced in accordance with Table 9.3.5.3.2(a) or
Table 9.3.5.3.2(b), and spacing shall not exceed a maximum interval of 40 ft (12.2 m) on
center. The maximum permissible load in the zone of influence of a sway brace shall not
exceed the values given in Table 9.3.5.3.2(a) or Table 9.3.5.3.2(b).

Table 9.3.5.3.2(a) Maximum Load F,, in Zone of Influence (pounds), Schedule 10
Steel Pipe
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center. 1 he maximum permissible load in the zone ot mtluence ot a sway brace shall not
exceed the values given in Table 9.3.5.3.2(a) or Table 9.3.5.3.2(b).

Table 9.3.5.3.2(a) Maximum Load F,, in Zone of Influence (pounds), Schedule 10

Steel Pipe
Lateral Sway Brace Spacing
Pipe (in.) 20 ft 25 ft 30 ft 40 ft
1 120 96 79 56
17 190 152 125 89
17 260 208 170 122
2 420 336 275 198
2% 690 552 452 325
3 1040 832 682 489
3% 1380 1104 904 649
4 1760 1408 1154 828
5 3030 2424 1986 1425
6 and larger 4350 3480 2851 2046

Table 9.3.5.3.2(b) Maximum Load F,, in Zone of Influence (pounds), Schedule 40

Steel Pipe
Lateral Sway Spacing
Pipe (in.) 20 ft 25 ft 30 ft 40 ft
1 130 104 &5 61
174 230 184 151 108
17 330 264 216 155
2 560 448 367 263
2% 1060 848 695 499
3 1720 1376 1127 809
3% 2390 1912 1566 1124
4 3210 2568 2104 1510
5 5450 4360 3572 2564
6 and larger 8500 6800 5571 3999

9.3.5.3.3 The requirements of 9.3.5.3.1 shall not apply to 2% in. (65 mm) starter pieces that
do not exceed 12 ft (3.66 m) in length. The load capacity of the brace assembly shall be

determined by the capacity of its weakest component.
9.3.5.3.4 The distance between the last brace and the end of the pipe shall not exceed 6 ft
(1.8 m).

9.3.5.3.5 The last length of pipe at the end of a feed or cross main shall be provided with a

lateral brace.
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9.3.5.3.6 Lateral braces shall be allowed to act as longitudinal braces if they are within 24 in.
(610 mm) of the centerline of the piping braced longitudinally for lines that are 2% in. (65
mm) and greater in diameter.

9.3.5.3.7 Where flexible couplings are installed on mains other than as required in 9.3.2, a
lateral brace shall be provided within 24 in. (610 mm) of every other coupling, including
flexible couplings at grooved fittings, but not more than 40 ft (12.2 m) on center.

9.3.5.3.8 The requirements of 9.3.5.3 shall not apply to pipes individually supported by rods
less than 6 in. (152 mm) long measured between the top of the pipe and the point of
attachment to the building structure.

9.3.5.3.9 The requirements of 9.3.5.3 shall not apply where U-type hooks of the
wraparound type or those U-type hooks arranged to keep the pipe tight to the underside of
the structural element shall be permitted to be used to satisfy the requirements for lateral
sway bracing, provided the legs are bent out at least 30 degrees from the vertical and the
maximum length of each leg and the rod size satisfies the conditions of Table 9.3.5.8.8(a),
Table 9.3.5.8.8(b), and Table 9.3.5.8.8(c).

9.3.5.4 Longitudinal Sway Bracing.

9.3.5.4.1 Longitudinal sway bracing spaced at a maximum of 80 ft (24.4 m) on center shall
be provided for feed and cross mains.

9.3.5.4.2 Longitudinal braces shall be allowed to act as lateral braces if they are within 24 in.
(610 mm) of the centerline of the piping braced laterally.

9.3.5.4.3 The distance between the last brace and the end of the pipe shall not exceed 40 ft
(12.2 m).

9.3.5.5 Risers.

9.3.5.5.1* Tops of risers exceeding 3 ft (1 m) in length shall be provided with a four-way
brace.

9.3.5.5.2 Distance between four-way braces for risers shall not exceed 25 ft (7.6 m).

9.3.5.5.3 Four-way bracing shall not be required where risers penetrate intermediate floors
in multistory buildings where the clearance does not exceed the limits of 9.3.4.

9.3.5.6* Horizontal Seismic Loads.

9.3.5.6.1*% The horizontal seismic load for the braces shall be as determined in 9.3.5.6.4 or
9.3.5.6.5, or as required by the authority having jurisdiction. The weight of the system being
braced (Wp) shall be taken as 1.15 times the weight of the water-filled piping. (See

4.9.3.5.6.1,)

9.3.5.6.2 The horizontal force, Fps acting on the brace shall be taken as F ow= Cpr,

where C,, is the seismic coefficient selected in Table 9.3.5.6.2 utilizing the short period
response parameter S;. The value of S; used in Table 9.3.5.6.2 shall be obtained from the

authority having jurisdiction or from seismic hazard maps. Linear interpolation shall be
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permitted to be used for intermediate values of S;.

Table 9.3.5.6.2 Seismic Coefficient Table

S C

P

0.33 or less 0.31
0.50 0.40
0.75 0.43
0.95 0.50
1.00 0.52
1.25 0.60
1.50 0.71
2.00 0.95
2.40 1.14
3.00 1.43

9.3.5.6.3% Where the authority having jurisdiction does not specify the horizontal seismic
load, the horizontal seismic force acting on the braces shall be determined as specified in
9.3.5.6.2 with C, = 0.5.

9.3.5.6.4* The zone of influence for lateral braces shall include all branch lines and mains
tributary to the brace, except branch lines that are provided with longitudinal bracing.

9.3.5.6.5 The zone of influence for longitudinal braces shall include all mains tributary to the
brace.

9.3.5.7 Net Vertical Reaction Forces. Where the horizontal seismic loads used exceed 0.5
W, and the brace angle is less than 45 degrees from vertical or where the horizontal seismic

load exceeds 1.0 ¥, and the brace angle is less than 60 degrees from vertical, the braces

shall be arranged to resist the net vertical reaction produced by the horizontal load.
9.3.5.8* Horizontal Loads.
9.3.5.8.1 Sway bracing shall be tight.

9.3.5.8.2 For individual braces, the slenderness ratio (I/7) shall not exceed 300, where / is
the length of the brace and r is the least radius of gyration.

9.3.5.8.3 Where threaded pipe is used as part of a sway brace assembly, it shall not be less
than Schedule 30.

9.3.5.8.4 All parts and fittings of a brace shall lie in a straight line to avoid eccentric
loadings on fittings and fasteners.

9.3.5.8.5 For longitudinal braces only, the brace shall be permitted to be connected to a tab
welded to the pipe in conformance to 6.5.2.

9.3.5.8.6 For tension-only braces, two tension-only brace components opposing each other
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must be installed at each lateral or longitudinal brace location.

9.3.5.8.7 For all braces, whether or not listed, the maximum allowable horizontal load shall

be based on the weakest component of the brace with safety factors.

9.3.5.8.8* The loads determined in 9.3.5.6 shall not exceed the lesser of the maximum

allowable loads provided in Table 9.3.5.8.8(a), Table 9.3.5.8.8(b), and Table 9.3.5.8.8(c) or
the manufacturer's certified maximum allowable horizontal loads for brace angles of 30 to 44
degrees, 45 to 59 degrees, 60 to 89 degrees, or 90 degrees.

Table 9.3.5.8.8(a) Maximum Horizontal Loads for Sway Braces with //r =100 for S

Maximum Length for I/r =

100

30° to -

Area Least Radius of Angle f

Brace Shape and Size (in.2) Gyration r (in.) ft ft in. Vertic

Pipe 1in. 0.494 0.421 3.5 3 ft 6 in. 4,26

Schedule 40 1% in. 0.669 0.54 4.5 4 ft 6 in. 5,77

1% in. 0.799 0.623 52 5 ft 2in. 6,891

2in. 1.07 0.787 6.6 6 ft 6 in. 9,23

Angles 1% x 1% % Y in. 0.688 0.292 2.4 2 fi 5in. 5,93

2 x2x Y in. 0.938 0.391 33 3 ft 3 in. 8,09:

2% x 2 x Y4 in. 1.06 0.424 3.5 3 ft 6 in. 9,14

25 x 2% X Y4 in. 1.19 0.491 4.1 4 ft 1in. 10,27

3 x 2V x Yiin. 1.31 0.528 4.4 4 ft 4 in. 11,30

3 x3x Yin. 1.44 0.592 4.9 4 fi 11 in. 12,42

Rods % in. 0.07 0.075 0.6 0 ft 7 in. 604

(all thread) Y in. 0.129 0.101 0.8 0 ft 10 in. 1,11

% in. 0.207 0.128 1.1 1t 0 in. 1,78

Y in. 0.309 0.157 1.3 1 ft 3in 2,66

% in. 0.429 0.185 1.5 1 ft 6 in. 3,70

Rods % in. 0.11 0.094 0.8 0 ft 9 in. 949

(threaded at Y in. 0.196 0.125 1.0 1 ft 0 in. 1,69.
ends only)

% in. 0.307 0.156 1.3 1 ft 3 in. 2,64

Y in. 0.442 0.188 1.6 1 ft 6 in. 3,81:

% in. 0.601 0.219 1.8 1 ft 9 in. 5,18

Flats 1% x Y4 in. 0.375 0.0722 0.6 0 ft 7 in. 3,231

2 x Yy in. 0.5 0.0722 0.6 0 ft 7 in. 4,31

2% Hin. 0.75 0.1082 0.9 0 ft 10 in. 6,47.

Table 9.3.5.8.8(b) Maximum Horizontal Loads for Sway Braces with //r = 200 for S
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30° to -
Area Least Radius of Angle f

Brace Shape and Size (in.2) Gyration r (in.) ft ft in. Vertic

Table 9.3.5.8.8(b) Maximum Horizontal Loads for Sway Braces with //r = 200 for S

Maximum Length for:
I/r =200

30° to .

Area Least Radius of Angle f

Brace Shape and Size (in.2) Gyration r (in.) ft ft in. Vertic

Pipe 1 in. 0.494 0.421 7.0 7 ft 0 in. 1227

Schedule 40 1% in. 0.669 0.54 9.0 9 ft 0 in. 1661

1% in. 0.799 0.623 10.4 10 ft 4 in. 198¢

2 in. 1.07 0.787 13.1 13 ft 1 in. 265"

Angles 1% % 1% x Y4 in. 0.688 0.292 4.9 4 ft 10 in. 170¢

2 x2x Yain. 0.938 0.391 6.5 6 ft 6 in. 232¢

2% x 2 X Y4 in, 1.06 0.424 7.1 7 ft 0 in. 263:

2% x 2% X Y4 in, 1.19 0.491 8.2 8 ft 2 in. 295¢

3 x 2% x Y4 in, 1.31 0.528 8.8 8 ft 9 in. 325:

3x3xYin, 1.44 0.592 9.9 9 ft 10 in. 357¢

Rods % in. 0.07 0.075 1.2 1 ft 2 in. 174

(all thread) Y in. 0.129 0.101 1.7 1 ft 8 in. 320

% in. 0.207 0.128 2.1 2 ft 1 in. 514

Y4 in, 0.309 0.157 2.6 2 ft 7 in. 767

% in. 0.429 0.185 3.1 3 ft 0 in. 106¢

Rods % in. 0.11 0.094 1.6 1 ft 6 in. 273

(threaded at Y5 in. 0.196 0.125 2.1 2 ft 0 in. 487
ends only)

% in. 0.307 0.156 2.6 2 ft 7 in. 762

Y4 in. 0.442 0.188 3.1 3 ft 1 in. 109’

% in. 0.601 0.219 3.6 3 ft 7 in. 149:

Flats 1% X Y4 in, 0.375 0.0722 1.2 1 ft 2 in. 931

2 x Y4 in, 0.5 0.0722 1.2 1ft 2 in. 124]

2 x #in. 0.75 0.1082 1.8 1 ft 9 in. 186-

Table 9.3.5.8.8(¢c) Maximum Horizontal Loads for Sway Braces with //r = 3(

Maximum Length for:
I/r=300
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Brace Shape and Size

(in.2)

Gyration r (in.)

ft

in.

Vértic

Table 9.3.5.8.8(¢c) Maximum Horizontal Loads for Sway Braces with //r = 3(

Maximum Length for:

I/r =300
Least Radius

Area of Gyration r 30° tc

Brace Shape and Size (in.2) (in.) ft ft in. Angle fron

Pipe 1in. 0.494 0.421 10.5 10 ft 6 in. 54

Schedule 40 1% in. 0.669 0.54 13.5 13 ft 6 in. 73

1% in. 0.799 0.623 15.6 15 ft 6 in. 88

2 in. 1.07 0.787 19.7 19 ft 8 in. 11¢

Angles 1% x 1% x Y in. 0.688 0.292 7.3 7 ft 3 in. 75

2 x2x Yain. 0.938 0.391 9.8 9 ft 9 in. 10:

2% x 2 x Yain. 1.06 0.424 10.6 10 ft 7 in. 1

2% X 2% X Y4 in. 1.19 0.491 12.3 12 fi 3 in. 13

3 x 2% x Y4 in. 1.31 0.528 13.2 13 ft 2in. 144

3x3x Yin. 1.44 0.592 14.8 14 ft 9 in. 15¢

Rods % in. 0.07 0.075 1.9 1 ft 10 in. 7

(all thread) Y2 in. 0.129 0.101 2.5 2 f 6 in. 14

% in. 0.207 0.128 3.2 3 ft 2 in. 22

Ya in. 0.309 0.157 3.9 3 ft 11 in. 34

% in. 0.429 0.185 4.6 4 ft 7 in. 47

Rods % in. 0.11 0.094 2.3 2 ft 4 in. 12

(threaded at Y2 in. 0.196 0.125 3.1 3t 1 in. 21
ends only)

% in. 0.307 0.156 3.9 3 ft 10 in. 33

Ya in. 0.442 0.188 4.7 4 ft 8 in. 48

% in. 0.601 0.219 5.5 5ft 5 in. 66

Flats 1% x Y in. 0.375 0.0722 1.8 1 ft 9 in. 41

2 x Y4 in, 0.5 0.0722 1.8 1 ft 9 in. 55

2% Hin. 0.75 0.1082 2.7 2 ft 8 in. 82

9.3.5.8.9% Other pipe schedules and materials not specifically included in Table 9.3.5.8.8(a),

Table 9.3.5.8.8(b), and Table 9.3.5.8.8(c) shall be permitted to be used if certified by a
registered professional engineer to support the loads determined in accordance with the
above criteria. Calculations shall be submitted where required by the authority having
jurisdiction.

9.3.5.9* Fasteners.

9.3.5.9.1 For individual fasteners, the loads determined in 9.3.5.6 shall not exceed the

allowable loads provided in Figure 9.3.5.9.1.
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Fastenar
aramation —

Angle D,
Angle &, B,or C E orF Angle D, E, or F
Angle & = 30" to 44

Angle B = 45° to 59°
Angle © = 80° 1o 90° L]

Load Perpendicular to Structural Member

Minirmum four fastener diameters
but not < % beam depth and not
T < 3in. (76 mm) for wood beams
Angle G, H, or | Angle G, H, or |
Angle G = 30" to 44"
Angle H = 45" to 59
i: :D Angle | = 60" to 90°

Load Parallel to Structural Member

Angle D = 30° 1o 44°
Angle E = 457 to 59°
Angle F = 60" to 90°

Wedge Anchars in Momal Weight Concrete

Wedge Anchors in Lightweight Concrete Filled Metal Decking

Minimum % depth
of baarm bist not
< 3in, (76 mm)
for wood beams

Diameter | Embedment Diameter | Embedment
iin iy |a|s|lc|lol|E|Fla|uw|1]] i) |A|B|lclo|E|F]G|H|I
# 3 120 | 200 | 615 | 540 | 485 | 410 | 385 | 545 | 865 B 1% i - | === ==
% 4 20 | 510 [1085) 955 | 825 | 720 | 6S0 | 975 [ 1195 ] Fl 1|45 50| - |=|=]|=|=|=
&'n 5 300 | 730 | 1550|1415 {1200 | 1035 | 1085 1530|1875 % 2 (s faelm|~-]=]=]=]=]=
# & 385 | 945 | 2005 1920|1600 | 1335 | 1800 2545 | 3120 % 3 (e (moles|—|-|=-|-]|=]~
Uncercut Anchors in Normal Weight Concrete Connectians to Sleel (Values Assums Boll Pependicular to Meunting Suface)
Diameder | Embedment Diamnater of Unfinished Steel Boll (in.)
{mm} W) |A|B|C|D|E|F|G|H]I (P "
MiD 4 305 | 745 112511651105 1050 | 650 | 920 |U2S| [aTe [cTo el FleH] 1Al el ElFGa]nu]1
Mi2 L 460 (1930 1645|1740 [ 1665]1585] 950 | 1345] 1845 | | 400|500 | 600 | 300 500 | 650 | 325 | 458 565} G0 |1200(1400] 300 {1200| 1550 735 [1035{1278)
MG Ik 825 | 2020 | 2930 | 3110 |2980 | 2650 | 1695 | 2305 | 2930 Diameter of Unfinished Stesl Bal (in.)
Nobe: These are minimurn vafues bo be used for genedic anchors In nomual weight Ve ki
concrete slabs, lightweight concrete metal filed decking, and a table for undercul AlB|ClO|E]JE]GlH]I]AlB ﬂ]!} E|F[GIH]I
mmwm‘;ﬁ?g&m”mﬁ Anchors i specialistngs shall be nsteled it {ooloogolassalrasofaosoleasalrcaalteao]zzsofsoofaaoolassafoaso] ssvolaanc]eossiossn] st
Through-Bolts in Sawn Lumber or Glue-Laminated Timéars (Load Perpendicular to Grain)
Boit Diameter (in,)
Y h %
Li;gl]ul A|B|C|D|E|JFIGIH]I]JA|B|C]IE|E|FIG|H|I]|A|B]C|D]E] F|&]H]I
Tlnb:: 1 | 115 [ 165 [ 200 | 135 [ 230|395 | 1304 215 [ 310 | 135 | 190| 235 | 156 | 270 (460 | 155 | 255 | 380 | 155 | 2200 270:| 180 | 310 | 530 [ 170 300 | 450
i) 2 | 140 (200 240 160 | 260 | 480 ] 165 | 275 | 410 | 180 | 225 | 280 185 | 320 (850 | 190 | 320 | 495 | 180| 255| 310 205 | 360 | 615 | 215) 365|575
30 | 175 (250 [ 305 | 200 | 350 | 60G| 200 | 330 [ 485 | 200 | 285| 345 | 230 | 400 [ 685 | 235 | 405 | 635 | 220 | 310| 380 | 255 | 440'| 755 | 260| 455|730
5% | = [=]|=|=|=[=|=1=[=[280]305] 485] 325 | 560 |960 | 315 | 515 | 735 | 310-| 440} 535 | 360 | 620 | 1065 | 360 | 610 | 925
Lag Serews and Lag Balts in Wood {Load Perpendicular o Grain — Holes Pradilled Using Goad Practice)
Lag Bl Diameter (in,)
E) % %
Langth AlBISIDIEIF]GIHITIAlIBIGID]EIF]G]H]I]AIB]IGIDIE] F |G |H]I
Under | s 14651490200 | 170|220 | 810 80 | 1200170 =] =| =| =| =] =| =| = | = = ] S = e e
Head (in) | g4 1804 200 (200 | 175 | 235 | 350 [ B0 [ 120 1170 (200 | 3551360 | 151400 [8&0 (WM& |20 (B = 1= ||~ |~ |~ |~~~
5% [ 190§ 200 | 200 | 175|245 | 360 [ BO | 120 | 170 | 320 | 370 | 360 | 320 | 420 (610 | 145 | 230 | 325 | 435 | 525 [ 555 (425 | 5501 775 | 185 | 320) 460
Bla | 195 205 [ 200 | 175 | 250 | 400 | BO | 120 [ 170 | 340 375 | 380 | 325 | 435 | 650 | 145 | 230 | 325 | 465 | 540 | 5BS | 430 | 570 | B40 | 185 320| 460
Mode: Wood fastenar madmum capasty values are based on 2001 Natisnal Design Specifications (NDS) for weod with a -
spcific gravity of 0,35, Valyes for ofher types of waod can be chiained by multiplying the above valuas by the following factors: Specific Grawity
ofWood | Mutiplier |
For 3l values, 1 i, = 254 mm, 036thru 048 | 1147
050thru 065 | 125
06t 073 | 13
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FIGURE 9.3.5.9.1 Maximum Loads for Various Types of Structure and Maximum
Loads for Various Types of Fasteners to Structure.

9.3.5.9.2 The type of fasteners used to secure the bracing assembly to the structure shall be
limited to those shown in Figure 9.3.5.9.1 or to listed devices.

9.3.5.9.3* For connections to wood, through-bolts with washers on each end shall be used,
unless the requirements of 9.3.5.9.4 are met.

9.3.5.9.4 Where it is not practical to install through-bolts due to the thickness of the
member or inaccessibility, lag screws shall be permitted. Holes shall be pre-drilled ¥ in. (3.2
mm) smaller than the maximum root diameter of the lag screw.

9.3.5.9.5 Holes for through-bolts shall be "6 in. (1.6 mm) greater than the diameter of the
bolt.

9.3.5.9.6 The requirements of 9.3.5.9 shall not apply to other fastening methods, which shall
be acceptable for use if certified by a registered professional engineer to support the loads
determined in accordance with the criteria in 9.3.5.6. Calculations shall be submitted where
required by the authority having jurisdiction.

9.3.5.9.7* Concrete anchors other than those shown in Figure 9.3.5.9.1 shall be acceptable
for use where designed in accordance with the requirements of the building code and
certified by a registered professional engineer.

9.3.5.10 Assemblies.

9.3.5.10.1 Sway bracing assemblies shall be listed for a maximum load rating, unless the
requirements 0f 9.3.5.10.2 are met.

9.3.5.10.2 Where sway bracing utilizing pipe, angles, flats, or rods as shown in Table
9.3.5.8.8(a), Table 9.3.5.8.8(b), and Table 9.3.5.8.8(c) is used, the components do not
require listing. Bracing fittings and connections used with those specific materials shall be
listed.

9.3.5.10.3 The loads shall be reduced as shown in Table 9.3.5.10.3 for loads that are less
than 90 degrees from vertical.

Table 9.3.5.10.3 Allowable Horizontal Load on
Brace Assemblies Based on the Weakest
Component of the Brace Assembly

Brace Angle Allowable Horizontal Load

30 to 44 degrees from vertical | Listed load rating divided by
2.000

45 to 59 degrees from vertical | Listed load rating divided by
1.414

60 to 89 degrees from vertical | Listed load rating divided by
1.155

90 degrees from vertical Listed load rating
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9.3.5.11 Attachments.
9.3.5.11.1 Bracing shall be attached directly to feed and cross mains.

9.3.5.11.2 Each run of pipe between changes in direction shall be provided with both lateral
and longitudinal bracing, unless the requirements of 9.3.5.11.3 are met.

9.3.5.11.3 Pipe runs less than 12 ft (3.7 m) in length shall be permitted to be supported by
the braces on adjacent runs of pipe.

9.3.5.12 Braces to Buildings with Differential Movement. A length of pipe shall not be
braced to sections of the building that will move differentially.

9.3.6 Restraint of Branch Lines.

9.3.6.1*% Restraint is considered a lesser degree of resisting loads than bracing and shall be
provided by use of one of the following:

(1) A listed sway brace assembly
(2) A wraparound U-hook satisfying the requirements of 9.3.5.3.9

3) No. 12, 440 b (200 kg) wire installed at least 45 degrees from the vertical plane and
anchored on both sides of the pipe

4) Other approved means

(5)* A hanger not less than 45 degrees from vertical installed within 6 in. (152 mm) of the
vertical hanger arranged for restraint against upward movement, provided it is
utilized such that //r does not exceed 300, where the rod shall extend to the pipe or
have a surge clip installed

9.3.6.2 Wire used for restraint shall be located within 2 ft (610 mm) of a hanger. The hanger
closest to a wire restraint shall be of a type that resists upward movement of a branch line.

9.3.6.3 The end sprinkler on a line shall be restrained against excessive vertical and lateral
movement.

9.3.6.4*% Branch lines shall be laterally restrained at intervals not exceeding those specified in
Table 9.3.6.4 based on branch line diameter and the value of C,,.

Table 9.3.6.4 Maximum Spacing of Branch Line Restraints,

(feet)
Seismic Coefficient, C P
Pipe (in.) C P <0.50 0.5<BD+>C p<0 C p>0.71
71
1 45 38 27
1Y 48 40 28
1% 51 43 30
2 55 46 33
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9.3.6.5 Where the branch lines are supported by rods less than 6 in. (152 mm) long
measured between the top of the pipe and the point of attachment to the building structure,
the requirements of 9.3.6.1 through 9.3.6.4 shall not apply and additional restraint shall not
be required for the branch lines.

9.3.6.6* Sprigs 4 ft (1.2 m) or longer shall be restrained against lateral movement.
9.3.7 Hangers and Fasteners Subject to Earthquakes.

9.3.7.1 C-type clamps (including beam and large flange clamps) used to attach hangers to
the building structure in areas subject to earthquakes shall be equipped with a restraining
strap.

9.3.7.2 The restraining strap shall be listed for use with a C-type clamp or shall be a steel
strap of not less than 16 gauge (1.59 mm) thickness and not less than 1 in. (25.4 mm) wide
for pipe diameters 8 in. (200 mm) or less and 14 gauge (0.98 mm) thickness and not less than
1% in. (31.7 mm) wide for pipe diameters greater than 8 in. (200 mm).

9.3.7.3 The restraining strap shall wrap around the beam flange not less than 1 in. (25.4
mm).

9.3.7.4 A lock nut on a C-type clamp shall not be used as a method of restraint.
9.3.7.5 Alip ona “C” or “Z” purlin shall not be used as a method of restraint.

9.3.7.6 Where purlins or beams do not provide an adequate lip to be secured by a restraining
strap, the strap shall be through-bolted or secured by a self-tapping screw.

9.3.7.7 C-type clamps (including beam and large flange clamps), with or without restraining
straps, shall not be used to attach braces to the building structure.

9.3.7.8 Powder-driven fasteners shall not be used to attach braces to the building structure,
unless they are specifically listed for service in resisting lateral loads in areas subject to
earthquakes.

9.3.7.9 In areas where the horizontal force factor exceeds 0.50 ¥, powder-driven studs

shall be permitted to attach hangers to the building structure where they are specifically listed
for use in areas subject to earthquakes.

Chapter 10 Underground Piping

10.1* Piping Materials. [24:10.1]

10.1.1* Listing. Piping shall be listed for fire protection service and shall comply with the
standards in Table 10.1.1. [24:10.1.1]

Table 10.1.1 Manufacturing Standards for Underground Pipe

Materials and Dimensions Standard
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Table 10.1.1 Manufacturing Standards for Underground Pipe

Materials and Dimensions Standard
Ductile Iron
Cement Mortar Lining for Ductile Iron Pipe and Fittings for Water AWWA C104
Polyethylene Encasement for Ductile Iron Pipe Systems AWWA C105
Ductile Iron and Gray Iron Fittings, 3-in. Through 48-in., for Water and AWWA C110
Other Liquids
Rubber-Gasket Joints for Ductile Iron Pressure Pipe and Fittings AWWA C111
Flanged Ductile Iron Pipe with Ductile Iron or Gray Iron Threaded Flanges AWWA C115
Protective Fusion-Bonded Epoxy Coatings for the Interior and Exterior AWWA C116
Surfaces of Ductile-Iron and Gray-Iron Fittings for Water Supply Service
Thickness Design of Ductile Iron Pipe AWWA C150
Ductile Iron Pipe, Centrifugally Cast for Water AWWA C151
Ductile-Iron Compact Fittings for Water Service AWWA C153
Standard for the Installation of Ductile Iron Water Mains and Their AWWA C600
Appurtenances
Steel
Steel Water Pipe 6 in. and Larger AWWA C200

Coal-Tar Protective Coatings and Linings for Steel Water Pipelines Enamel AWWA C203

and Tape — Hot Applied

Cement-Mortar Protective Lining and Coating for Steel Water Pipe 4 in. and AWWA C205

Larger — Shop Applied

Field Welding of Steel Water Pipe

Steel Pipe Flanges for Waterworks Service — Sizes 4 in. Through 144 in.
Dimensions for Fabricated Steel Water Pipe Fittings

A Guide for Steel Pipe Design and Installation

Concrete

Reinforced Concrete Pressure Pipe, Steel-Cylinder Type, for Water and
Other Liquids

Prestressed Concrete Pressure Pipe, Steel-Cylinder Type, for Water and
Other Liquids

Reinforced Concrete Pressure Pipe, Non-Cylinder Type, for Water and
Other Liquids

Reinforced Concrete Pressure Pipe, Steel-Cylinder Type, Pretensioned, for
Water and Other Liquids

Standard for Asbestos-Cement Distribution Pipe, 4 in. Through 16 in., for
Water and Other Liquids

Standard Practice for Selection of Asbestos-Cement Water Pipe
Cement-Mortar Lining of Water Pipe Lines 4 in. and Larger — in Place
Standard for the Installation of Asbestos-Cement Water Pipe

Plastic

AWWA C206
AWWA C207
AWWA C208
AWWA M11

AWWA C300

AWWA C301

AWWA C302

AWWA C303

AWWA C400

AWWA C401

AWWA C602
AWWA C603

Polyvinyl Chloride (PVC) Pressure Pipe, 4 in. Through 12 in., for Water and AWWA C900

Other Liquids
Polyethylene (PE) Pressure Pipe and Fittings 4 in. (100 mm) through 63 in.
(1575 mm) for Water Distribution and Transport
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Table 10.1.1 Manufacturing Standards for Underground Pipe

Materials and Dimensions Standard
Copper
Specification for Seamless Copper Tube ASTM B 75
Specification for Seamless Copper Water Tube ASTM B 88
Requirements for Wrought Seamless Copper and Copper-Alloy Tube ASTM B 251

[24: Table 10.1.1]

10.1.2 Steel Pipe. Steel piping shall not be used for general underground service unless
specifically listed for such service. [24:10.1.2]

10.1.3 Steel Pipe Used with Fire Department Connections. Where externally coated and
wrapped and internally galvanized, steel pipe shall be permitted to be used between the check
valve and the outside hose coupling for the fire department connection. [24:10.1.3]

10.1.4* Pipe Type and Class. The type and class of pipe for a particular underground
installation shall be determined through consideration of the following factors:

(1) Fire resistance of the pipe

(2) Maximum system working pressure

3) Depth at which the pipe is to be installed
4) Soil conditions

(%) Corrosion

(6) Susceptibility of pipe to other external loads, including earth loads, installation
beneath buildings, and traffic or vehicle loads [24:10.1.4]

10.1.5 Working Pressure. Pipe shall be designed to withstand a system working pressure of
not less than 150 psi (10.3 bar). [24:10.1.5]

10.1.6* Lining of Buried Pipe. [24:10.1.6]

10.1.6.1 Unless the requirements of 10.1.6.2 are met, all ferrous metal pipe shall be lined in
accordance with the applicable standards in Table 10.1.1. [24:10.1.6.1]

10.1.6.2 Steel pipe utilized in fire department connections and protected in accordance with
the requirements of 10.1.3 shall not be additionally required to be lined. [24:10.1.6.2]

10.2 Fittings. [24:10.2]

10.2.1 Standard Fittings. Fittings shall meet the standards in Table 10.2.1(a) or shall be in
accordance with 10.2.2. In addition to the standards in Table 10.2.1(b), CPVC fittings shall
also be in accordance with 10.2.2 and with the portions of the ASTM standards specified in
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10.2 Fittings. [24:10.2]

10.2.1 Standard Fittings. Fittings shall meet the standards in Table 10.2.1(a) or shall be in
accordance with 10.2.2. In addition to the standards in Table 10.2.1(b), CPVC fittings shall
also be in accordance with 10.2.2 and with the portions of the ASTM standards specified in
Table 10.2.1(b) that apply to fire protection service. [24:10.2.1]

Table 10.2.1(a) Fittings Materials and

Dimensions
Materials and Dimensions Standard
Cast Iron
Cast Iron Threaded Fittings, Class 125 and ASME B16.4
250

Cast Iron Pipe Flanges and Flanged Fittings ~ASME B16.1

Malleable Iron

Malleable Iron Threaded Fittings, Class 150 ASME B16.3
and 300

Steel

Factory-Made Wrought Steel Buttweld ASME B16.9
Fittings

Buttwelding Ends for Pipe, Valves, Flanges, = ASME B16.25
and Fittings

Specification for Piping Fittings of Wrought ~ASTM A 234
Carbon Steel and Alloy Steel for Moderate

and Elevated Temperatures

Steel Pipe Flanges and Flanged Fittings ASME B16.5
Forged Steel Fittings, Socket Welded and ASME B16.11
Threaded

Copper

Wrought Copper and Bronze Solder Joint ASME B16.22
Pressure Fittings

Cast Bronze Solder Joint Pressure Fittings ASME B16.18

[24: Table 10.2.1(a)]
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Table 10.2.1(b) Specially Listed Fittings
Materials and Dimensions

Materials and Dimensions Standard

Chlorinated Polyvinyl Chloride (CPVC) ASTM F 437
Specification for Schedule 80 CPVC

Threaded Fittings

Specification for Schedule 40 CPVC ASTM F 438
Socket-Type Fittings

Specification for Schedule 80 CPVC ASTM F 439

Socket-Type Fittings

[24: Table 10.2.1(b)]

10.2.2 Special Listed Fittings. Other types of fittings investigated for suitability in
automatic sprinkler installations and listed for this service, including, but not limited to,
polybutylene, CPVC, and steel differing from that provided in Table 10.2.1(a), shall be
permitted when installed in accordance with their listing limitations, including installation
instructions. [24:10.2.2]

10.2.3 Pressure Limits. Listed fittings shall be permitted for system pressures as specified in
their listings, but not less than 150 psi (10 bar). [24:10.2.3]

10.2.4* Buried Joints. Joints shall be approved. [24:10.2.4]

10.2.5* Buried Fittings. Fittings shall be of an approved type with joints and pressure class
ratings compatible with the pipe used. [24:10.2.5]

10.3 Joining of Pipe and Fittings. [24:10.3]

10.3.1 Threaded Pipe and Fittings. All threaded steel pipe and fittings shall have threads
cut in accordance with ASME B1.20.1, Pipe Threads, General Purpose (Inch). [24:10.3.1]

10.3.2 Groove Joining Methods. Pipes joined with grooved fittings shall be joined by a
listed combination of fittings, gaskets, and grooves. [24:10.3.2]

10.3.3 Brazed and Pressure Fitting Methods. Joints for the connection of copper tube
shall be brazed or joined using pressure fittings as specified in Table 10.2.1(a). [24:10.3.3]

10.3.4 Other Joining Methods. Other joining methods listed for this service shall be
permitted where installed in accordance with their listing limitations. [24:10.3.4]

10.3.5 Pipe Joint Assembly. [24:10.3.5]

10.3.5.1 Joints shall be assembled by persons familiar with the particular materials being
used and in accordance with the manufacturer's instructions and specifications. [24:10.3.5.1]

10.3.5.2 All bolted joint accessories shall be cleaned and thoroughly coated with asphalt or
other corrosion-retarding material after installation. [24:10.3.5.2]
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10.4 Depth of Cover.[24:10.4]

10.4.1* The depth of cover over water pipes shall be determined by the maximum depth of
frost penetration in the locality where the pipe is laid. [24:10.4.1]

10.4.2 The top of the pipe shall be buried not less than 1 ft (0.3 m) below the frost line for
the locality. [24:10.4.2]

10.4.3 In those locations where frost is not a factor, the depth of cover shall be not less than
2% ft (0.8 m) to prevent mechanical damage. [24:10.4.3]

10.4.4 Pipe under driveways shall be buried a minimum of 3 ft (0.9 m). [24:10.4.4]
10.4.5 Pipe under railroad tracks shall be buried at a minimum of 4 ft (1.2 m). [24:10.4.5]
10.4.6 The depth of cover shall be measured from the top of the pipe to finished grade, and

due consideration shall always be given to future or final grade and nature of soil.
[24:10.4.6]
10.5 Protection Against Freezing. [24:10.5]

10.5.1* Where it is impracticable to bury pipe, pipe shall be permitted to be laid
aboveground, provided the pipe is protected against freezing and mechanical damage.
[24:10.5.1]

10.5.2 Pipe shall be buried below the frost line where entering streams and other bodies of
water. [24:10.5.2]

10.5.3 Where pipe is laid in water raceways or shallow streams, care shall be taken that
there will be sufficient depth of running water between the pipe and the frost line during all
seasons of frost; a safer method is to bury the pipe 1 ft (0.3048 m) or more under the bed of
the waterway. [24:10.5.3]

10.5.4 Pipe shall be located at a distance from stream banks and embankment walls that
prevents danger of freezing through the side of the bank. [24:10.5.4]

10.6 Protection Against Damage. [24:10.6]
10.6.1 Pipe shall not be run under buildings. [24:10.6.1]

10.6.2 Where pipe must be run under buildings, special precautions shall be taken, including
the following:

(1)  Arching the foundation walls over the pipe
(2) Running pipe in covered trenches
3) Providing valves to isolate sections of pipe under buildings [24:10.6.2]

10.6.3 Fire service mains shall be permitted to enter the building adjacent to the foundation.
[24:10.6.3]

10.6.4 Where adjacent structures or physical conditions make it impractical to locate risers
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immediately inside an exterior wall, such risers shall be permitted to be located as close as
practical to exterior walls to minimize underground piping under the building. [24:10.6.4]

10.6.5 Where a riser is close to building foundations, underground fittings of proper design
and type shall be used to avoid pipe joints being located in or under the foundations.
[24:10.6.5]

10.6.6 Mains shall be subjected to an evaluation of the following specific loading conditions
and protected, if necessary:

(D) Mains running under railroads carrying heavy cargo
(2)  Mains running under large piles of heavy commodities
3) Mains located in areas that subject the main to heavy shock and vibrations[24:10.6.6]

10.6.7* Where it is necessary to join metal pipe with pipe of dissimilar metal, the joint shall
be insulated against the passage of an electric current using an approved method. [24:10.6.7]

10.6.8* In no case shall the underground piping be used as a grounding electrode for
electrical systems. This does not preclude the bonding of the underground piping to the
lightning protection grounding system as required by NFPA 780 in those cases where
lightning protection is provided for the structure. [24:10.6.8]

10.7 Requirement for Laying Pipe [24:10.7]

10.7.1 Pipes, valves, hydrants, gaskets, and fittings shall be inspected for damage when
received and shall be inspected prior to installation. (See Figure 10.10.1.) [24:10.7.1]

10.7.2 The torquing of bolted joints shall be checked. [24:10.7.2]
10.7.3 Pipe, valves, hydrants, and fittings shall be clean inside. [24:10.7.3]

10.7.4 When work is stopped, the open ends of pipe, valves, hydrants, and fittings shall be
plugged to prevent stones and foreign materials from entering. [24:10.7.4]

10.7.5 All pipe, fittings, valves, and hydrants shall be carefully lowered into the trench using
appropriate equipment and carefully examined for cracks or other defects while suspended
above the trench. [24:10.7.5]

10.7.6 Plain ends shall be inspected for signs of damage prior to installation. [24:10.7.6]

10.7.7 Under no circumstances shall water main materials be dropped or dumped.
[24:10.7.7]

10.7.8 Pipe shall not be rolled or skidded against other pipe materials. [24:10.7.8]

10.7.9 Pipes shall bear throughout their full length and shall not be supported by the bell
ends only or by blocks. [24:10.7.9]

10.7.10 If ground is soft, or of a quicksand nature, special provisions shall be made for
supporting pipe. [24:10.7.10]

10.7.11 Valves and fittings used with nonmetallic pipe shall be properly supported and
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restrained in accordance with the manufacturer's specifications. [24:10.7.11]

10.8 Joint Restraint. [24:10.8]
10.8.1 General. [24:10.8.1]

10.8.1.1* All tees, plugs, caps, bends, reducers, valves, and hydrant branches shall be
restrained against movement by using thrust blocks in accordance with 10.8.2 or restrained
joint systems in accordance with 10.8.3. [24:10.8.1.1]

10.8.1.2 Piping with fused, threaded, grooved, or welded joints shall not require additional
restraining, provided that such joints can pass the hydrostatic test of 10.10.2.2 without
shifting of piping or leakage in excess of permitted amounts. [24:10.8.1.2]

10.8.1.3 Steep Grades. On steep grades, mains shall be additionally restrained to prevent
slipping. [24:10.8.1.3]

10.8.1.3.1 Pipe shall be restrained at the bottom of a hill and at any turns (lateral or
vertical). [24:10.8.1.3.1]

10.8.1.3.2 The restraint specified in 10.8.1.3.1 shall be to natural rock or to suitable piers
built on the downbhill side of the bell. [24:10.8.1.3.2]

10.8.1.3.3 Bell ends shall be installed facing uphill. [24:10.8.1.3.3]

10.8.1.3.4 Straight runs on hills shall be restrained as determined by the design engineer.
[24:10.8.1.3.4]

10.8.2* Thrust Blocks [24:10.8.2]

10.8.2.1 Thrust blocks shall be considered satisfactory where soil is suitable for their use.
[24:10.8.2.1]

10.8.2.2 Thrust blocks shall be of a concrete mix not leaner than one part cement, two and
one-half parts sand, and five parts stone. [24:10.8.2.2]

10.8.2.3 Thrust blocks shall be placed between undisturbed earth and the fitting to be
restrained and shall be capable of such bearing to ensure adequate resistance to the thrust to
be encountered. [24:10.8.2.3]

10.8.2.4 Wherever possible, thrust blocks shall be placed so that the joints are accessible for
repair. [24:10.8.2.4]

10.8.3* Restrained Joint Systems. Fire mains utilizing restrained joint systems shall include
one or more of the following:

(D) Locking mechanical or push-on joints

(2) Mechanical joints utilizing setscrew retainer glands
3) Bolted flange joints

4) Heat-fused or welded joints

(5)  Pipe clamps and tie rods
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(6) Other approved methods or devices[24:10.8.3]

10.8.3.1 Sizing Clamps, Rods, Bolts, and Washers [24:10.8.3.1]
10.8.3.1.1 Clamps. [24:10.8.3.1.1]

10.8.3.1.1.1 Clamps shall have the following dimensions:

(1) Y2 1n. x 2 in. (12.7 mm % 50.8 mm) for pipe 4 in. to 6 in.

(2) % in. x 2% in. (15.9 mm x 63.5 mm) for pipe 8 in. to 10 in.

3) % in. x 3 in. (15.9 mm x 76.2 mm) for 12 in. pipe [24:10.8.3.1.1.1]

10.8.3.1.1.2 The diameter of a bolt hole shall be *s in. (1.6 mm) larger than that of the
corresponding bolts. [24:10.8.3.1.1.2]

10.8.3.1.2 Rods. [24:10.8.3.1.2]
10.8.3.1.2.1 Rods shall be not less than % in. (15.9 mm) in diameter. [24:10.8.3.1.2.1]

10.8.3.1.2.2 Table 10.8.3.1.2.2 provides numbers of various diameter rods that shall be used
for a given pipe size. [24:10.8.3.1.2.2]

Table 10.8.3.1.2.2 Rod Number — Diameter
Combinations
Nominal " .
Pipe Size 7% in. Y in. 7% in. 1in.
(in.) (159 mm) (19.1 mm) (22.2mm) (25.4 mm)
4 2 — — _
6 2 — — —
8 3 2 — —
10 4 3 2 —
12 6 4 3 2
14 8 5 4 3
16 10 7 5 4

Note: This table has been derived using pressure of 225 psi
(15.5 bar) and design stress of 25,000 psi (172.4 MPa).
[24: Table 10.8.3.1.2.2]

10.8.3.1.2.3 When using bolting rods, the diameter of mechanical joint bolts shall limit the
diameter of rods to % in. (19.1 mm). [24:10.8.3.1.2.3]

10.8.3.1.2.4 Threaded sections of rods shall not be formed or bent. [24:10.8.3.1.2.4]

10.8.3.1.2.5 Where using clamps, rods shall be used in pairs for each clamp.
[24:10.8.3.1.2.5]

10.8.3.1.2.6 Assemblies in which a restraint is made by means of two clamps canted on the
barrel of the pipe shall be permitted to use one rod per clamp if approved for the specific
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installation by the authority having jurisdiction. [24:10.8.3.1.2.6]

10.8.3.1.2.7 Where using combinations of rods, the rods shall be symmetrically spaced.
[24:10.8.3.1.2.7]

10.8.3.1.3 Clamp Bolts. Clamp bolts shall have the following diameters:
(1) % in. (15.9 mm) for pipe 4 in., 6 in., and 8 in.

(2) % in. (19.1 mm) for pipe 10 in.

3) % in. (22.2 mm) for 12 in. pipe[24:10.8.3.1.3]

10.8.3.1.4 Washers. [24:10.8.3.1.4]

10.8.3.1.4.1 Washers shall be permitted to be cast iron or steel and round or square.
[24:10.8.3.1.4.1]

10.8.3.1.4.2 Cast-iron washers shall have the following dimensions:

(1) % in. x 3 in. (15.9 mm x 76.2 mm) for 4 in., 6 in., 8 in., and 10 in. pipe
(2) % in. x3%in. (19.1 mm x 88.9 mm) for 12 in. pipe[24:10.8.3.1.4.2]
10.8.3.1.4.3 Steel washers shall have the following dimensions:

(1) Yain. x 3 in. (12.7 mm x 76.2 mm) for 4 in., 6 in., 8 in., and 10 in. pipe
(2) in. x3%in. (12.7 mm x 88.9 mm) for 12 in. pipe[24:10.8.3.1.4.3]

10.8.3.1.4.4 The diameter of holes shall be ¥ in. (3.2 mm) larger than that of rods.
[24:10.8.3.1.4.4]

10.8.3.2 Sizes of Restraint Straps for Tees. [24:10.8.3.2]

10.8.3.2.1 Restraint straps for tees shall have the following dimensions:

(1) % in. (15.9 mm) thick and 2% in. (63.5 mm) wide for 4 in., 6 in., 8 in., and 10 in.
pipe

2) % in. (15.9 mm) thick and 3 in. (76.2 mm) wide for 12 in. pipe[24:10.8.3.2.1]

10.8.3.2.2 The diameter of rod holes shall be s in. (1.6 mm) larger than that of rods.
[24:10.8.3.2.2]

10.8.3.2.3 Figure 10.8.3.2.3 and Table 10.8.3.2.3 shall be used in sizing the restraint straps
for both mechanical and push-on joint tee fittings. [24:10.8.3.2.3]

Fod hole
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FRod hole

FIGURE 10.8.3.2.3 Restraint Straps for Tees. [24: Figure 10.8.3.2.3]

Table 10.8.3.2.3 Restraint Straps for Tees

A
Nominal Pipe Size (in.) in. mm in. mm in. mm in.
4 12%% 318 lo¥a 257 2% 64 1%
6 14Y, 368 12V 308 3 o 90 21%5
8 16% 425 14% 365 42}52 118 32%2
10 19 I 484 161/1"fu5 424 5% 146 5
12 o Hs 567 1936 487 6% 171 5%

[24: Table 10.8.3.2.3]
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10.8.3.3 Sizes of Plug Strap for Bell End of Pipe. [24:10.8.3.3]
10.8.3.3.1 Strap shall be % in. (19.1 mm) thick and 2% in. (63.5 mm) wide. [24:10.8.3.3.1]

10.8.3.3.2 The strap length shall be the same as dimension A4 for tee straps as shown in
Figure 10.8.3.2.3. [24:10.8.3.3.2]

10.8.3.3.3 The distance between the centers of rod holes shall be the same as dimension B
for tee straps as shown in Figure 10.8.3.2.3. [24:10.8.3.3.3]

10.8.3.4 Material. Clamps, rods, rod couplings or turnbuckles, bolts, washers, restraint
straps, and plug straps shall be of a material that has physical and chemical characteristics
that indicate its deterioration under stress can be predicted with reliability. [24:10.8.3.4]

10.8.3.5* Corrosion Resistance. After installation, rods, nuts, bolts, washers, clamps, and
other restraining devices shall be cleaned and thoroughly coated with a bituminous or other
acceptable corrosion-retarding material. [24:10.8.3.5]

10.9 Backfilling. [24:10.9]

10.9.1 Backfill shall be tamped in layers or puddled under and around pipes to prevent
settlement or lateral movement and shall contain no ashes, cinders, refuse, organic matter, or
other corrosive materials. [24:10.9.1]

10.9.2 Rocks shall not be placed in trenches. [24:10.9.2]

10.9.3 Frozen earth shall not be used for backfilling. [24:10.9.3]

10.9.4 In trenches cut through rock, tamped backfill shall be used for at least 6 in. (150 mm)
under and around the pipe and for at least 2 ft (0.6 m) above the pipe. [24:10.9.4]

10.10 Testing and Acceptance. [24:10.10]

10.10.1 Approval of Underground Piping. The installing contractor shall be responsible
for the following:

(1)  Notifying the authority having jurisdiction and the owner's representative of the time
and date testing is to be performed

(2) Performing all required acceptance tests

3) Completing and signing the contractor's material and test certificate(s) shown in
Figure 10.10.1.[24:10.10.1]
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Contractor’s Material and Test Certificate for Underground Piping

PROCEDURE

Upon completion.of work, Inspection and tests shall be made by the contraclor's representative and withessed by an owner's
representative. All defects shall be correctad and systam left in service before confractor's personnal finally laave the job.

A cerfificate shall be filled out and signed by both representatives. Copies shall be prepared for approving authorities, owners, and
contractor. 1t is understood the ownei's representativa’s signature in no way prejudices any claim against contractor for faulty material, poor
workmanship, or failure to comply with approving authority’s requirements o local ordinances.

& 2006 National Fire Prolection Association

and spigot

Property name Date
Property address
Accepted by approving authorities [names)
Address
th . S - S I I —
Instaliation conlorms 1o accepted plans [] Yes D No
Equipment used is approved [] Yes [ no
If no, state deviations
Has persan in charge of fire equipment been instructed as to location of (] ves [ No
control valves and care and maintenance of this new equipment?
If no, explain
Instructions Have copies of appropriate instructions and care and maintenance ] Yes [} No
charts been left on premises?
If no, explain
Lecation Supplies b'UH'CEiﬁQE
Pipe types and class | Type joint
|
Pipe conforms fo standard [ ves [ ne
Underground Fitinge confomm 2 standard L] es (] ho
plses and joints If no, explain
Joints neaded anchorage clamped, strapped, or blocked in u Yes I:I Mo
accordance with . standard
If no, explain
Flushing: Flow the required rate until water is clear as indicated by no collection of fergign material in burlap Dags al outlets such as
hydrants and blow-offs. Flush at flows not less than 390 gpm (1478 Limin) for 4 in. pipe, 880 gpm (3331 Limin) for & in. pipe, 1560 gpm
(5905 Liminj for 8 in. pipe, 2440 gpm (3235 Limin) for 104n. pipe, and 3520 gpm (13,323 Limin) for 12 in. pipe. Whan supply cannot
praduce stipulated flow rates, oblain maximum available.
Hydrostatic: All piping and attached appurtenances subjected 1o system working pressure shall be hydrostatically tested at 200 psi
Test (13.8 bar) or 50 psi (3.4 bar) in excess of the system working pressure, whichever iz greater, and shall maintain that pressure + 5 psi
description for 2 hours.
t Hydrostatic Tegling Allowance: Where additional water is added to the system fo maintain the test pressures required by 10.10.2.2.1,
the amount of water shall be measured and shall not exceed the limits of the following equation (For metric equation, see 10.10.2.2 4):
e L = testing allowance (makeup water), in gallans per hour
s SDyP £ = length of pipe tested, feet
148,000 D = nominal diameter of the pipe, in inches
P = average test pressure during the hydrostatic test, in pounds per square inch (gauge)
Mew underground piping flushed according [] Yes [ o
__ standard by (company)
If nay, explain
How flushing flow was obtained Through what type opening
Flushing [JPublicwater [ _JTankoreservoir  [_] Fire pump (] Hydrant but [Jopen pipe
tests
Lead-ins flushed according to standard by (company) [ ves (] Mo
If no, explain
How flushing flow was obfained Thraugh what type opening
[JPublic water (A Tank or reservair [} Fire pump [ connection to flange [ Open pipe

NFPA 13(p. 1 01 2)
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FIGURE 10.10.1 Sample of Contractor's Material and Test Certificate for
Underground Piping. [24: Figure 10.10.1]
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fl i i Joints d
Hyd ie All new undarground piping hydrostatically testad at RINtS Covers
test S for hours ] ves [J ne

Total amount of leakage measurad

Leakage . - galions hiowrs

test Allowable leakage
galions hours.

Number installed Type and make All oparate safisfactority

Hydrants u Yes [ No
Water control vakess baft wide open ez [J Mo
i no. state reason

Control

valves .

Hose threads of fire department connections and hydrants intarchangeabla with Jves [ no
those of fire depariment answering alarm
Date left in sarvice

Remarks
Name of installing contractor

Tests witnessed by
Signatures | PO Property owner (signed) l Title l Date

Far installing contractor (signed) Ttk Data

Additional explanation and notes

2006 National Fire Protection Association

NFPA 12 (p. 20l 2)
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FIGURE 10.10.1 Continued

10.10.2 Acceptance Requirements. [24:10.10.2]
10.10.2.1* Flushing of Piping. [24:10.10.2.1]

10.10.2.1.1 Underground piping, from the water supply to the system riser, and lead-in
connections to the system riser shall be completely flushed before connection is made to
downstream fire protection system piping. [24:10.10.2.1.1]

10.10.2.1.2 The flushing operation shall be continued for a sufficient time to ensure
thorough cleaning. [24:10.10.2.1.2]

10.10.2.1.3 The minimum rate of flow shall be not less than one of the following:

(1) Hydraulically calculated water demand rate of the system, including any hose
requirements

2) Flow necessary to provide a velocity of 10 ft/sec (3.1 m/sec) in accordance with
Table 10.10.2.1.3

3) Maximum flow rate available to the system under fire conditions[24:10.10.2.1.3]

Table 10.10.2.1.3 Flow Required to Produce a
Velocity of 10 ft/sec (3 m/sec) in Pipes

Pipe Size Flow Rate
in. mm gpm L/min
4 102 390 1476
6 152 880 3331
8 203 1560 5905
10 254 2440 9235
12 305 3520 13323

[24: Table 10.10.2.1.3]

10.10.2.2 Hydrostatic Test. [24:10.10.2.2]

10.10.2.2.1* All piping and attached appurtenances subjected to system working pressure
shall be hydrostatically tested at 200 psi (13.8 bar) or 50 psi (3.5 bar) in excess of the system
working pressure, whichever is greater, and shall maintain that pressure +5 psi for 2 hours.

[24:10.10.2.2.1]

10.10.2.2.2 Pressure loss shall be determined by a drop in gauge pressure or visual leakage.
[24:10.10.2.2.2]

10.10.2.2.3 The test pressure shall be read from one of the following, located at the lowest
elevation of the system or the portion of the system being tested: [24:10.10.2.2.3]

(D) A gauge located at one of the hydrant outlets

(2) A gauge located at the lowest point where no hydrants are provided
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10.10.2.2.4* Hydrostatic Testing Allowance. Where additional water is added to the
system to maintain the test pressures required by 10.10.2.2.1, the amount of water shall be
measured and shall not exceed the limits of Table 10.10.2.2.4 which is based upon the
following equation:

U.S. Customary Units:

_ SDJP
[10.10.2.2.4(a)] " 148,000

where:

L = testing allowance (makeup water), in gallons per hour
S = length of pipe tested, feet
D =nominal diameter of the pipe, in inches
P = average test pressure during the hydrostatic test, in pounds per square inch (gauge)
Metric Units:
SDNP
[10.10.2.2.4(b)]  794.797

where:

L = testing allowance (makeup water), in liters per hour
S = length of pipe tested, meters
D =nominal diameter of the pipe, in millimeters

P = average test pressure during the hydrostatic test, in kPa
[24:10.10.2.2.4]

Table 10.10.2.2.4 Hydrostatic Testing
Allowance at 200 psi per 100 Feet of Pipe

Nominal Pipe Testing Allowance in Gallons
Diameter (in.) per Hour (gph) per 100 ft of

Pipe

2 0.019

4 0.038

6 0.057

8 0.076

10 0.096

12 0.115

14 0.134

16 0.153

18 0.172

20 0.191

24 0.229

Copyright NFPA



Table 10.10.2.2.4 Hydrostatic Testing
Allowance at 200 psi per 100 Feet of Pipe

Nominal Pipe Testing Allowance in Gallons
Diameter (in.) per Hour (gph) per 100 ft of
Pipe
For SI units, 1 in. =25.4 mm; 1 ft = 305 mm.
Notes:

(1) For other length, diameters, and pressures,
Equation 10.10.2.2.4 shall be permitted to be utilized
to determine the appropriate testing allowance.

(2) For test sections that contain various sizes and
sections of pipe, the testing allowance shall be based
upon the sum of the testing allowances for each size
and section.

10.10.2.3 Other Means of Hydrostatic Tests. Where required by the authority having
jurisdiction, hydrostatic tests shall be permitted to be completed in accordance with the
requirements of AWWA C600, AWWA C602, AWWA C603, and AWWA C900.
[24:10.10.2.3]

10.10.2.4 Operating Test. [24:10.10.2.4]

10.10.2.4.1 Each hydrant shall be fully opened and closed under system water pressure.
[24:10.10.2.4.1]

10.10.2.4.2 Dry barrel hydrants shall be checked for proper drainage. [24:10.10.2.4.2]

10.10.2.4.3 All control valves shall be fully closed and opened under system water pressure
to ensure proper operation. [24:10.10.2.4.3]

10.10.2.4.4 Where fire pumps are available, the operating tests required by 10.10.2.4 shall
be completed with the pumps running. [24:10.10.2.4.4]

10.10.2.5 Backflow Prevention Assemblies. [24:10.10.2.5]

10.10.2.5.1 The backflow prevention assembly shall be forward flow tested to ensure proper
operation. [24:10.10.2.5.1]

10.10.2.5.2 The minimum flow rate required by 10.10.2.5.1 shall be the system demand,
including hose stream demand where applicable. [24:10.10.2.5.2]

10.10.2.6* The trench shall be backfilled between joints before testing to prevent movement
of pipe. [24:10.10.2.6]

10.10.2.7 Where required for safety measures presented by the hazards of open trenches,
the pipe and joints shall be permitted to be backfilled, provided the installing contractor takes
the responsibility for locating and correcting leakage. [24:10.10.2.7]

10.10.2.8 Provision shall be made for the proper disposal of water used for flushing or
testing. [24:10.10.2.8]
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Chapter 11 Design Approaches

11.1 General.

The requirements of Section 11.1 shall apply to all sprinkler systems unless modified by a
specific section of Chapter 11 or Chapter 12.

11.1.1 A building or portion thereof shall be permitted to be protected in accordance with
any applicable design basis at the discretion of the designer.

11.1.2 Adjacent Hazards or Design Methods. For buildings with two or more adjacent
hazards or design methods, the following shall apply:

(1) Where areas are not physically separated by a barrier or partition capable of delaying
heat from a fire in one area from fusing sprinklers in the adjacent area, the required
sprinkler protection for the more demanding design basis shall extend 15 ft (4.6 m)
beyond its perimeter.

(2) The requirements of 11.1.2(1) shall not apply where the areas are separated by a
barrier partition that is capable of preventing heat from a fire in one area from fusing
sprinklers in the adjacent area.

11.1.3 For hydraulically calculated systems, the total system water supply requirements for
each design basis shall be determined in accordance with the procedures of Section 14.4
unless modified by a section of Chapter 11 or Chapter 12.

11.1.4 Water Demand.

11.1.4.1*% The water demand requirements shall be determined from the following:

(D) Occupancy hazard fire control approach and special design approaches of Chapter 11
(2) Storage design approaches of Chapter 12 through Chapter 20

3) Special occupancy approaches of Chapter 21

11.1.4.2*% The minimum water supply requirements for a sprinkler system shall be
determined by adding the hose stream allowance to the water supply for sprinklers.

11.1.4.3 The minimum water supply shall be available for the minimum duration specified in
Chapter 11.

11.1.5 Hose Allowance.

11.1.5.1 An allowance for inside and outside hose shall not be required where tanks supply
sprinklers only.

11.1.5.2 Systems with Multiple Hazard Classifications. For systems with multiple hazard
classifications, the hose stream allowance and water supply duration shall be in accordance
with one of the following:

(1) The water supply requirements for the highest hazard classification within the system
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(2) The water supply requirements for each individual hazard classification shall be used
in the calculations for the design area for that hazard

(3)*  For systems with multiple hazard classifications where the higher classification only
lies within single rooms less than or equal to 400 ft2 (37.2 m2) in area with no such
rooms adjacent, the water supply requirements for the principal occupancy shall be
used for the remainder of the system.

11.1.5.3 Where pumps taking suction from a private fire service main supply sprinklers only,
the pump need not be sized to accommodate inside and outside hose. Such hose allowance
shall be considered in evaluating the available water supplies.

11.1.5.4 Water allowance for outside hose shall be added to the sprinkler requirement at the
connection to the city main or a yard hydrant, whichever is closer to the system riser.

11.1.5.5 Where inside hose stations are planned or are required, the following shall apply:

(D) A total water allowance of 50 gpm (189 L/min) for a single hose station installation
shall be added to the sprinkler requirements.

(2) A total water allowance of 100 gpm (378 L/min) for a multiple hose station
installation shall be added to the sprinkler requirements.

3) The water allowance shall be added in 50 gpm (189 L/min) increments beginning at
the most remote hose station, with each increment added at the pressure required by
the sprinkler system design at that point.

11.1.5.6% When hose valves for fire department use are attached to wet pipe sprinkler
system risers in accordance with 8.17.5.2, the following shall apply:

(1)  The water supply shall not be required to be added to standpipe demand as
determined from NFPA 14, Standard for the Installation of Standpipe and Hose
Systems.

(2)  Where the combined sprinkler system demand and hose stream allowance of Table
11.2.3.1.2 exceeds the requirements of NFPA 14, Standard for the Installation of
Standpipe and Hose Systems, this higher demand shall be used.

3) For partially sprinklered buildings, the sprinkler demand, not including hose stream
allowance, as indicated in Figure 11.2.3.1.1 shall be added to the requirements given
in NFPA 14, Standard for the Installation of Standpipe and Hose Systems.

11.2 Occupancy Hazard Fire Control Approach.
11.2.1* General.

11.2.1.1* The water demand requirements shall be determined by either the pipe schedule
method in accordance with 11.2.2 or the hydraulic calculation method in accordance with
11.2.3.

11.2.1.2 Occupancy Classifications.
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11.2.1.2.1 Occupancy classifications for this standard shall relate to sprinkler installations
and their water supplies only.

11.2.1.2.2 Occupancy classifications shall not be used as a general classification of
occupancy hazards.

11.2.1.2.3 Occupancies or portions of occupancies shall be classified according to the
quantity and combustibility of contents, the expected rates of heat release, the total potential
for energy release, the heights of stockpiles, and the presence of flammable and combustible
liquids, using the definitions contained in Section 5.2 through Section 5.5. Classifications are
as follows:

(D) Light hazard

(2) Ordinary hazard (Groups 1 and 2)

3) Extra hazard (Groups 1 and 2)

(4) Special occupancy hazard (see Chapter 21)

11.2.2 Water Demand Requirements — Pipe Schedule Method.

11.2.2.1 Table 11.2.2.1 shall be used in determining the minimum water supply requirements
for light and ordinary hazard occupancies protected by systems with pipe sized according to
the pipe schedules of Section 22.5.

Table 11.2.2.1 Water Supply Requirements for Pipe Schedule Sprinkler Systems

Minimum Residual Acceptable Flow at Base of Riser
Pressure Required (Including Hose Stream Allowance)
Occupancy psi bar gpm L/min Duration
Classification (minutes)
Light hazard 15 1 500-750 1893-2839 30-60
Ordinary hazard 20 1.4 850-1500 3218-5678 60-90

11.2.2.2 Pressure and flow requirements for extra hazard occupancies shall be based on the
hydraulic calculation methods of 11.2.3.

11.2.2.3 The pipe schedule method shall be permitted only for new installations of 5000 fi2
(465 m2) or less or for additions or modifications to existing pipe schedule systems sized
according to the pipe schedules of Section 22.5.

11.2.2.4 Table 11.2.2.1 shall be used in determining the minimum water supply
requirements.

11.2.2.5 The pipe schedule method shall be permitted for use in systems exceeding 5000 fi2
(465 m?) where the flows required in Table 11.2.2.1 are available at a minimum residual
pressure of 50 psi (3.4 bar) at the highest elevation of sprinkler.

11.2.2.6 The pipe schedule method shall be permitted for additions or modifications to
existing extra hazard pipe schedule systems.
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11.2.2.7 The lower duration value of Table 11.2.2.1 shall be acceptable only where the
sprinkler system waterflow alarm device(s) and supervisory device(s) are electrically
supervised and such supervision is monitored at an approved, constantly attended location.

11.2.2.8* Residual Pressure.

11.2.2.8.1 The residual pressure requirement of Table 11.2.2.1 shall be met at the elevation
of the highest sprinkler.

11.2.2.8.2 When backflow prevention valves are installed on pipe schedule systems, the
friction losses of the device shall be accounted for when determining acceptable residual
pressure at the top level of sprinklers. The friction loss of this device [in psi (bar)] shall be
added to the elevation loss and the residual pressure at the top row of sprinklers to determine
the total pressure needed at the water supply.

11.2.2.9 The lower flow figure of Table 11.2.2.1 shall be permitted only where the building

is of noncombustible construction or the potential areas of fire are limited by building size or
compartmentation such that no open areas exceed 3000 ft2 (279 m?) for light hazard or 4000
ft2 (372 m2) for ordinary hazard.

11.2.3 Water Demand Requirements — Hydraulic Calculation Methods.
11.2.3.1 General.

11.2.3.1.1 The water supply for sprinklers shall be determined only from one of the
following:

(1)  Density/area curves of Figure 11.2.3.1.1 in accordance with the method of 11.2.3.2

(2) On the basis of the room design method in accordance with 11.2.3.3

3) Special design areas in accordance with 11.2.3.4, at the discretion of the designer

Density (mmdmin)
20 4.1 6.1 8.1 10.2 12.2 14.3 16.3
1

5000[ T T T T T T : 5 465
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% 4000 ; ; \‘::\@ ' \%\ are §
E N - e -: H -i e . -i . d%. k " g
& | AN | %\\ a
R g o W i [
£ 5000 TS "% m i G
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5 2500 % =L \T‘., : : Nosz 2
E R | 1 | E
£ 2000 Y \ 186 2
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Density (gpmifte)
FIGURE 11.2.3.1.1 Density/Area Curves.

11.2.3.1.2 The minimum water supply shall be available for the minimum duration specified
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in Table 11.2.3.1.2.

Table 11.2.3.1.2 Hose Stream Allowance and Water Supply Duration

Requirements for Hydraulically Calculated Systems

Total Combined Inside
Inside Hose and Outside Hose
Duration
Occupancy gpm L/m gpm L/m (minutes)
Light hazard 0, 50, or 100 0, 189, 379 100 379 30
Ordinary hazard 0, 50, or 100 0, 189, 379 250 946 60-90
Extra hazard 0, 50, or 100 0, 189, 379 500 1893 90-120

11.2.3.1.3 The lower duration values in Table 11.2.3.1.2 shall be permitted where the
sprinkler system waterflow alarm device(s) and supervisory device(s) are electrically
supervised and such supervision is monitored at an approved, constantly attended location.

11.2.3.1.4 Restrictions. Regardless of which of the two methods (density/area or room
design method) is used, the following restrictions shall apply:

(D) For areas of sprinkler operation less than 1500 ft2 (139 m?) used for light and
ordinary hazard occupancies, the density for 1500 t2 (139 m?) shall be used.

(2) For areas of sprinkler operation less than 2500 ft2 (232 m?) for extra hazard
occupancies, the density for 2500 ft2 (232 m?) shall be used.

(3)*  Unless the requirements of 11.2.3.1.4(4) are met for buildings having unsprinklered
combustible concealed spaces, as described in 8.15.1.2 and 8.15.6, the minimum area
of sprinkler operation for that portion of the building shall be 3000 t2 (279 m2). The
design area of 3000 ft2 (279 m?) shall be applied only to the sprinkler system or
portions of the sprinkler system that are adjacent to the qualifying combustible

concealed space.

4) The following unsprinklered concealed spaces shall not require a minimum area of
sprinkler operation of 3000 ft2 (279 m2):

(a) Noncombustible and limited-combustible concealed spaces with minimal
combustible loading having no access. The space shall be considered a
concealed space even with small openings such as those used as return air for a
plenum.

(b) Noncombustible and limited-combustible concealed spaces with limited access
and not permitting occupancy or storage of combustibles. The space shall be
considered a concealed space even with small openings such as those used as
return air for a plenum.

(c) Combustible concealed spaces filled entirely with noncombustible insulation.
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(d)* Light or ordinary hazard occupancies where noncombustible or limited
combustible ceilings are directly attached to the bottom of solid wood joists so
as to create enclosed joist spaces 160 ft3 (4.5 m3) or less in volume, including
space below insulation that is laid directly on top or within the ceiling joists in
an otherwise sprinklered attic.

(e)* Concealed spaces where rigid materials are used and the exposed surfaces have
a flame spread index of 25 or less and the materials have been demonstrated to
not propagate fire when tested in accordance with NFPA 255, Standard Method
of Test of Surface Burning Characteristics of Building Materials, extended for
an additional 20 minutes in the form in which they are installed in the space.

(f) Concealed spaces in which the exposed materials are constructed entirely of
fire-retardant treated wood as defined by NFPA 703, Standard for Fire
Retardant—Treated Wood and Fire-Retardant Coatings for Building Materials.

(g) Concealed spaces over isolated small rooms not exceeding 55 t2 (5.1 m?) in
area.

(h) Vertical pipe chases under 10 ft2 (0.93 m?), provided that in multifloor buildings
the chases are firestopped at each floor using materials equivalent to the floor
construction and where such pipe chases shall contain no sources of ignition,
piping shall be noncombustible, and pipe penetrations at each floor shall be
properly sealed.

(1) Exterior columns under 10 ft2 (0.93 m?) in area formed by studs or wood joist,
supporting exterior canopies that are fully protected with a sprinkler system.

11.2.3.2 Density/Area Method.
11.2.3.2.1 Water Supply.

11.2.3.2.1.1 The water supply requirement for sprinklers only shall be calculated from the
density/area curves of Figure 11.2.3.1.1 or from Chapter 21 where density/area criteria are
specified for special occupancy hazards.

11.2.3.2.1.2 When using Figure 11.2.3.1.1, the calculations shall satisfy any single point on
the appropriate density/area curve.

11.2.3.2.1.3 When using Figure 11.2.3.1.1, it shall not be necessary to meet all points on the
selected curves.

11.2.3.2.2 Sprinklers.

11.2.3.2.2.1 The densities and areas provided in Figure 11.2.3.1.1 shall be for use only with
spray sprinklers.

11.2.3.2.2.2 Quick-response sprinklers shall not be permitted for use in extra hazard
occupancies or other occupancies where there are substantial amounts of flammable liquids
or combustible dusts.
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11.2.3.2.2.3 For extended coverage sprinklers, the minimum design area shall be that
corresponding to the hazard in Figure 11.2.3.1.1 or the area protected by five sprinklers,
whichever is greater.

11.2.3.2.2.4 Extended coverage sprinklers shall be listed with and designed for the minimum
flow corresponding to the density for the hazard as specified in Figure 11.2.3.1.1.

11.2.3.2.3 Quick-Response Sprinklers.

11.2.3.2.3.1 Where listed quick-response sprinklers, including extended coverage
quick-response sprinklers, are used throughout a system or portion of a system having the
same hydraulic design basis, the system area of operation shall be permitted to be reduced
without revising the density as indicated in Figure 11.2.3.2.3.1 when all of the following
conditions are satisfied:

(1) Wet pipe system

2) Light hazard or ordinary hazard occupancy

3) 20 ft (6.1 m) maximum ceiling height

(4) There are no unprotected ceiling pockets as allowed by 8.6.7 and 8.8.7 exceeding 32

ft2 (3 m?)
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FIGURE 11.2.3.2.3.1 Design Area Reduction for Quick-Response Sprinklers.
11.2.3.2.3.2 The number of sprinklers in the design area shall never be less than five.
11.2.3.2.3.3 Where quick-response sprinklers are used on a sloped ceiling, the maximum

ceiling height shall be used for determining the percent reduction in design area.
L]

11.2.3.2.4 Sloped Ceilings. The system area of operation shall be increased by 30 percent
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without revising the density when the following types of sprinklers are used on sloped
ceilings with a pitch exceeding 1 in 6 (a rise of 2 units in a run of 12 units, a roof slope of
16.7 percent) in non-storage applications:

(1) Spray sprinklers, including extended coverage sprinklers listed in accordance with
8.4.3(4), and quick-response sprinklers

(2) Control mode specific application and large drop sprinklers

11.2.3.2.5* Dry Pipe and Double Interlock Preaction Systems. For dry pipe systems and
double interlock preaction systems, the area of sprinkler operation shall be increased by 30
percent without revising the density.

11.2.3.2.6 High-Temperature Sprinklers. Where high-temperature sprinklers are used for
extra hazard occupancies, the area of sprinkler operation shall be permitted to be reduced by
25 percent without revising the density, but not to less than 2000 ft2 (186 m2).

11.2.3.2.7* Multiple Adjustments.

11.2.3.2.7.1 Where multiple adjustments to the area of operation are required to be made in
accordance with 11.2.3.2.3, 11.2.3.2.4, 11.2.3.2.5, or 11.2.3.2.6, these adjustments shall be
compounded based on the area of operation originally selected from Figure 11.2.3.1.1.

11.2.3.2.7.2 If the building has unsprinklered combustible concealed spaces, the rules of
11.2.3.1.4 shall be applied after all other modifications have been made.

11.2.3.3 Room Design Method.

11.2.3.3.1*% The water supply requirements for sprinklers only shall be based upon the room
that creates the greatest demand.

11.2.3.3.2 The density selected shall be that from Figure 11.2.3.1.1 corresponding to the
occupancy hazard classification and room size.

11.2.3.3.3 To utilize the room design method, all rooms shall be enclosed with walls having
a fire-resistance rating equal to the water supply duration indicated in Table 11.2.3.1.2.

11.2.3.3.4 If the room is smaller than the area specified in Figure 11.2.3.1.1, the provisions
of 11.2.3.1.4(1) and 11.2.3.1.4(2) shall apply.

11.2.3.3.5 Minimum protection of openings shall be as follows:
(1) Light hazard — Non-rated automatic or self-closing doors.

(2) Light hazard with no opening protection — Where openings are not protected,
calculations shall include the sprinklers in the room plus two sprinklers in the
communicating space nearest each such unprotected opening unless the
communicating space has only one sprinkler, in which case calculations shall be
extended to the operation of that sprinkler. The selection of the room and
communicating space sprinklers to be calculated shall be that which produces the
greatest hydraulic demand. For light hazard occupancies with unprotected openings
in walls, a minimum lintel of depth of 8 in. (203 mm) is required for openings and the
opening shall not exceed 8 ft (2.44 m) in width. It shall be permitted to have a single
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opening of 36 in. (914 mm) or less without a lintel, provided there are no other
openings to adjoining spaces.

3) Ordinary and extra hazard — Automatic or self-closing doors with appropriate
fire-resistance ratings for the enclosure.

11.2.3.3.6 Where the room design method is used and the area under consideration is a
corridor protected by a single row of sprinklers with protected openings in accordance with
11.2.3.3.5, the maximum number of sprinklers that needs to be calculated is five or when
extended coverage sprinklers are installed, all sprinklers contained within 75 linear feet (22.9
linear meters) of corridor.

11.2.3.3.7 Where the area under consideration is a corridor protected by a single row of
sprinklers with unprotected openings, in a light hazard occupancy, the design area shall
include all sprinklers in the corridor to a maximum of five, or when extended coverage
sprinklers are installed, all sprinklers within 75 linear feet (22.9 linear meters) of the corridor.

11.2.3.4 Special Design Areas.

11.2.3.4.1 Where the design area consists of a building service chute supplied by a separate
riser, the maximum number of sprinklers that needs to be calculated is three each with a
minimum discharge of 15 gpm (57 L/min).

11.2.3.4.2* Where an area is to be protected by a single line of sprinklers, the design area
shall include all sprinklers on the line up to a maximum of seven.

11.2.3.4.3 Sprinklers in ducts as described in Section 7.10 and 8.15.12 shall be hydraulically
designed to provide a discharge pressure of not less than 7 psi (0.5 bar) at each sprinkler
with all sprinklers within the duct flowing.

11.3 Special Design Approaches.
11.3.1 Residential Sprinklers.

11.3.1.1*% The design area shall be the area that includes the four adjacent sprinklers that
produce the greatest hydraulic demand.

11.3.1.2* Unless the requirements of 11.3.1.3 are met, the minimum required discharge
from each of the four hydraulically most demanding sprinklers shall be the greater of the
following:

(D) In accordance with minimum flow rates indicated in individual listings

(2) Calculated based on delivering a minimum of 0.1 gpm/fi2 (4.1 mm/min) over the
design area in accordance with the provisions of 8.5.2.1 or 8.6.2.1.2

11.3.1.3 For modifications or additions to existing systems equipped with residential
sprinklers, the listed discharge criteria less than 0.1 gpm/ft2 (4.1 mm/min) shall be permitted
to be used.

11.3.1.4 Where areas such as attics, basements, or other types of occupancies are outside of
dwelling units but within the same structure, these areas shall be protected as a separate
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design basis in accordance with Section 11.1.

11.3.1.5 Hose stream allowance and water supply duration requirements shall be in
accordance with those for light hazard occupancies in Table 11.2.3.1.2.

11.3.2 Exposure Protection.

11.3.2.1* Piping shall be hydraulically calculated in accordance with Section 22.4 to furnish
a minimum of 7 psi (0.5 bar) at any sprinkler with all sprinklers facing the exposure
operating.

11.3.2.2 Where the water supply feeds other fire protection systems, it shall be capable of
furnishing total demand for such systems as well as the exposure system demand.

11.3.3 Water Curtains.

11.3.3.1 Sprinklers in a water curtain such as described in 8.15.4 or 8.15.16.2 shall be
hydraulically designed to provide a discharge of 3 gpm per lineal foot (37 L/min per lineal
meter) of water curtain, with no sprinklers discharging less than 15 gpm (56.8 L/min).

11.3.3.2 For water curtains employing automatic sprinklers, the number of sprinklers
calculated in this water curtain shall be the number in the length corresponding to the length
parallel to the branch lines in the area determined by 22.4.4.1.1.

11.3.3.3 Ifa single fire can be expected to operate sprinklers within the water curtain and
within the design area of a hydraulically calculated system, the water supply to the water
curtain shall be added to the water demand of the hydraulic calculations and shall be
balanced to the calculated area demand.

11.3.3.4 Hydraulic design calculations shall include a design area selected to include ceiling
sprinklers adjacent to the water curtain.

11.3.3.5 Sprinklers Under a Roof or Ceiling in Combustible Concealed Spaces of Wood
Joist or Wood Truss Construction with Members 3 ft (914 mm) or Less on Center and
a Slope Having a Pitch of 4 in 12 or Greater.

11.3.3.5.1 Where sprinkler spacing does not exceed 8 ft (2.5 m) measured perpendicular to
the slope, the minimum sprinkler discharge pressure shall be 7 psi (0.5 bar).

11.3.3.5.2 Where sprinkler spacing exceeds 8 ft (2.5 m) measured perpendicular to the
slope, the minimum sprinkler discharge pressure shall be 20 psi (1.4 bar).

11.3.3.5.3 Hose stream allowance and water supply duration requirements shall be in
accordance with those for light hazard occupancies in Table 11.2.3.1.2.

Chapter 12 General Requirements for Storage

12.1 General.

The requirements of Section 12.1 shall apply to all storage arrangements and commodities
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other than miscellaneous storage (Chapter 13) and as modified by specific sections in
Chapter 14 through Chapter 20.

12.1.1 Roof Vents and Draft Curtains. Sprinkler protection criteria are based on the
assumption that roof vents and draft curtains are not being used. (See Section C.6.)

12.1.2 Ceiling Slope. The sprinkler system criteria specified in Chapter 12 and Chapters 14
through 20 are intended to apply to buildings with ceiling slopes not exceeding 2 in 12 (16.7
percent) unless modified by a specific section in Chapter 12 and Chapters 14 through 20.

12.1.3 Building and Storage Height.

12.1.3.1 The maximum building height shall be measured to the underside of the roof deck
or ceiling.

12.1.3.2 Early suppression fast-response (ESFR) sprinklers shall be used only in buildings
equal to, or less than, the height of the building for which they have been listed.

12.1.3.3 The sprinkler system design shall be based on the storage height and clearance to
ceiling that routinely or periodically exist in the building and create the greatest water
demand. Where storage is placed above doors, the storage height shall be calculated from the
base of storage above the door.

12.1.3.4* Ceiling Height.

12.1.3.4.1 For ceiling heights that exceed 30 ft (9.14 m), where the distance between the
ceiling height and top of storage exceeds 20 ft (6.1 m), protection shall be provided for the
storage height that would result in a 20 ft (6.1 m) distance between the ceiling height and top
of storage.

12.1.3.4.2 The requirements of 12.1.3.4 shall not apply to storage arrangements protected in
accordance with Chapter 13, Miscellaneous Storage.

12.2* Hose Connections.

12.2.1 Small hose connections [1% in. (38 mm)] shall be provided where required by the
authority having jurisdiction in accordance with 8.17.5 for first-aid fire-fighting and overhaul
operations.

12.2.2 Small hose connections shall not be required for the protection of Class I, II, III, and
IV commodities stored 12 ft (3.7 m) or less in height.

12.3* Adjacent Hazards or Design Methods.

For buildings with two or more adjacent hazards or design methods, the following shall

apply:

(1) Where areas are not physically separated by a barrier or partition capable of delaying
heat from a fire in one area from fusing sprinklers in the adjacent area, the required

sprinkler protection for the more demanding design basis shall extend 15 ft (4.6 m)
beyond its perimeter.

(2) The requirements of 12.3(1) shall not apply where the areas are separated by a barrier
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partition that is capable of preventing heat from a fire in one area from fusing
sprinklers in the adjacent area.

12.4* Wet Pipe Systems.
12.4.1 Sprinkler systems shall be wet pipe systems.

12.4.2* In areas that are subject to freezing or where special conditions exist, dry-pipe
systems and preaction systems shall be permitted to protect storage occupancies.

12.4.3 ESFR sprinklers shall only be permitted to be wet pipe systems.

12.5 Dry Pipe and Preaction Systems.

12.5.1 For dry pipe systems and preaction systems, the area of sprinkler operation shall be
increased by 30 percent without revising the density.

12.5.2 Densities and areas shall be selected so that the final area of operation after the 30
percent increase is not greater than 6000 fi2 (557.4 m?).

12.6* Storage Applications.

12.6.1 For storage applications with densities of 0.20 gpm/fi? (8.2 mm/min) or less, standard
response sprinklers with a K-factor of K-5.6 (80) or larger shall be permitted.

12.6.2 For general storage applications, rack storage, rubber tire storage, roll paper storage,
and baled cotton storage being protected with upright and pendent spray sprinklers with
required densities of greater than 0.20 gpm/fi? to 0.34 gpm/fi2 (8.2 mm/min to 13.9
mm/min), standard response sprinklers with a nominal K-factor of K-8.0 (115) or larger shall
be used.

12.6.3 For general storage applications, rack storage, rubber tire storage, roll paper storage,
and baled cotton storage being protected with upright and pendent spray sprinklers with
required densities greater than 0.34 gpm/ft2 (13.9 mm/min), standard response spray
sprinklers with a K-factor of K-11.2 (161) or larger that are listed for storage applications
shall be used.

12.6.4* Unless the requirements of 12.6.5 are met, the requirements of 12.6.2 and 12.6.3
shall not apply to modifications to existing storage application systems, using sprinklers with
K-factors of K-8.0 (115) or less.

12.6.5 Where applying the requirements of Figure 17.2.1.2(b) and Figure 17.2.1.2(c)
utilizing the design criteria of 0.6 gpm/fi2 per 2000 ft2 (24.4 mm/min per 186 m?) to existing
storage applications, the requirements of 12.6.3 shall apply.

12.6.6 The use of quick-response spray sprinklers for storage applications shall be permitted
when listed for such use.

12.6.7 Large drop, control mode specific application and ESFR sprinklers shall be permitted
to protect ordinary hazard, storage of Class I through Class IV commodities, plastic
commodities, miscellaneous storage, and other storage as specified in Chapter 12 through
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Chapter 20 or by other NFPA standards.

12.6.8 The design figures indicate water demands for ordinary-temperature—rated and
nominal high-temperature—rated sprinklers at the ceiling. The ordinary-temperature design
densities correspond to ordinary-temperature—rated sprinklers and shall be used for
sprinklers with ordinary- and intermediate-temperature classification. The high-temperature
design densities correspond to high-temperature-rated sprinklers and shall be used for
sprinklers having a high temperature rating.

12.6.9 Ordinary- and intermediate-temperature sprinklers with K-factors of K-11.2 (161) or
larger, where listed for storage, shall be permitted to use the densities for high-temperature
sprinklers.

12.7 Discharge Considerations.

12.7.1 The water supply for sprinklers only shall be determined either from the density/area
requirements of Chapter 12 through Chapter 20 or shall be based upon the room design
method in accordance with Section 12.10, at the discretion of the designer.

12.7.2* Systems with Multiple Hazard Classifications. For systems with multiple hazard
classifications, the hose stream allowance and water supply duration shall be in accordance
with one of the following:

(1) The water supply requirements for the highest hazard classification within the system.

(2) The water supply requirements for each individual hazard classification shall be used
in the calculations for the design area for that hazard.

(3)*  For systems with multiple hazard classifications where the higher classification only
lies within single rooms less than or equal to 400 ft2 (37.2 m2) in area with no such
rooms adjacent, the water supply requirements for the principal occupancy shall be
used for the remainder of the system.

12.7.3 The calculations shall satisfy any single point on appropriate density/area curves.

12.7.4 The minimum water supply requirements shall be determined by adding the hose
stream allowance from Chapter 12 through Chapter 20 to the water supply for sprinklers as
determined by Chapter 12 through Chapter 20.

12.7.5 The minimum water supply shall be available for the minimum duration specified in
Chapter 12 through Chapter 20.

12.7.6 Total system water supply requirements shall be determined in accordance with the
hydraulic calculation procedures of Chapter 22.

12.7.7 Multiple Adjustments.

12.7.7.1 Where multiple adjustments to the area of operation are required to be made, these
adjustments shall be compounded based on the area of operation originally selected.

12.7.7.2 If the building has unsprinklered combustible concealed spaces, the rules of Section
12.9 shall be applied after all other modifications have been made.
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12.8 Hose Demand.

12.8.1 An allowance for inside and outside hose shall not be required where tanks supply
sprinklers only.

12.8.2 Where pumps taking suction from a private fire service main supply sprinklers only,
the pump need not be sized to accommodate inside and outside hose. Such hose allowance
shall be considered in evaluating the available water supplies.

12.8.3 Water allowance for outside hose shall be added to the sprinkler requirement at the
connection to the city main or a yard hydrant, whichever is closer to the system riser.

12.8.4 Where inside hose stations are planned or are required, the following shall apply:

(D) A total water allowance of 50 gpm (189 L/min) for a single hose station installation
shall be added to the sprinkler requirements.

(2) A total water allowance of 100 gpm (378 L/min) for a multiple hose station
installation shall be added to the sprinkler requirements.

3) The water allowance shall be added in 50 gpm (189 L/min) increments beginning at
the most remote hose station, with each increment added at the pressure required by
the sprinkler system design at that point.

12.8.5 When hose valves for fire department use are attached to wet pipe sprinkler system
risers in accordance with 8.17.5.2, the following shall apply:

(1)  The water supply shall not be required to be added to standpipe demand as
determined from NFPA 14, Standard for the Installation of Standpipe and Hose
Systems.

(2) Where the combined sprinkler system demand and hose stream allowance of Chapter
12 and Chapters 14 through 20 exceeds the requirements of NFPA 14, Standard for
the Installation of Standpipe and Hose Systems, this higher demand shall be used.

3) For partially sprinklered buildings, the sprinkler demand, not including hose stream
allowance, as indicated in Chapter 12 and Chapters 14 through 20 shall be added to
the requirements given in NFPA 14, Standard for the Installation of Standpipe and
Hose Systems.

12.9 Restrictions.

12.9.1 Unless the requirements of 12.9.2 are met for buildings having unsprinklered
combustible concealed spaces as described in 8.15.1.2 and 8.15.6, the minimum area of
operation shall be 3000 t2 (279 m?). The design area of 3000 ft2 (279 m?) shall be applied
only to the sprinkler system or portions of the sprinkler system that are adjacent to the
qualifying combustible concealed space.

12.9.2 The following unsprinklered combustible concealed spaces shall not require a
minimum design area of sprinkler operation of 3000 ft2 (279 m?):

(1)  Noncombustible and limited-combustible concealed spaces with minimal combustible
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loading having no access. The space shall be considered a concealed space even with
small openings such as those used as return air for a plenum.

Noncombustible and limited-combustible concealed spaces with limited access and
not permitting occupancy or storage of combustibles. The space shall be considered a
concealed space even with small openings such as those used as return air for a
plenum.

Combustible concealed spaces filled entirely with noncombustible insulation.

Light or ordinary hazard occupancies where noncombustible or limited-combustible
ceilings are directly attached to the bottom of solid wood joists so as to create
enclosed joist spaces 160 ft3 (4.5 m?) or less in volume, including space below
insulation that is laid directly on top or within the ceiling joists in an otherwise
sprinklered attic.

Concealed spaces where rigid materials are used and the exposed surfaces have a
flame spread index of 25 or less and the materials have been demonstrated to not
propagate fire when tested in accordance with NFPA 255, Standard Method of Test
of Surface Burning Characteristics of Building Materials, extended for an additional
20 minutes in the form in which they are installed in the space.

Concealed spaces in which the exposed materials are constructed entirely of
fire-retardant treated wood as defined by NFPA 703, Standard for Fire
Retardant—Treated Wood and Fire-Retardant Coatings for Building Materials.

Concealed spaces over isolated small rooms not exceeding 55 ft2 (5.1 m?) in area.

Vertical pipe chases under 10 fi2 (0.93 m?), provided that in multifloor buildings the
chases are firestopped at each floor using materials equivalent to the floor
construction. Such pipe chases shall contain no sources of ignition, piping shall be
noncombustible, and pipe penetrations at each floor shall be properly sealed.

Exterior columns under 10 ft2 (0.93 m?) in area formed by studs or wood joist,
supporting exterior canopies that are fully protected with a sprinkler system.

12.10 Room Design Method.

12.10.1* The water supply requirements for sprinklers only shall be based upon the room
that creates the greatest demand.

12.10.2 To utilize the room design method, all rooms shall be enclosed with walls having a
fire-resistance rating equal to the water supply duration indicated in Chapters 13 through 20.

12.10.3 Where the room design method is used, the density shall correspond to that required
for the smallest area acceptable under the density/area method.

12.11* High-Expansion Foam Systems.

12.11.1 High-expansion foam systems that are installed in addition to automatic sprinklers
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shall be installed in accordance with NFPA 11, Standard for Low-, Medium-, and
High-Expansion Foam.

12.11.2 High-expansion foam systems shall be automatic in operation.

12.11.3 High-expansion foam used to protect the idle pallet shall have a maximum fill time
of 4 minutes.

12.11.4 Detectors for high-expansion foam systems shall be listed and shall be installed at no
more than one-half the listed spacing.

12.11.5 The release system for the high expansion foam deluge system shall be designed to
operate prior to the sprinklers installed in the area.

12.12% Protection of Idle Pallets.

12.12.1 Wood Pallets.

12.12.1.1* Wood pallets shall be permitted to be stored in the following arrangements:
(1) Stored outside

(2) Stored in a detached structure

3) Stored indoors where arranged and protected in accordance with 12.12.1.2

12.12.1.2* Wood pallets, where stored indoors, shall be protected in accordance with one of
the following:

(1) Control mode density—area sprinkler protection as specified in Table 12.12.1.2(a).
(2) Large drop sprinkler protection in accordance with Table 12.12.1.2(b).

3) Control mode specific application sprinkler protection in accordance with Table
12.12.1.2(c).

4) ESFR sprinkler protection in accordance with Table 12.12.1.2(d).

(%) Control mode density-area sprinkler protection in accordance with the OH2 curve of
Figure 13.2.1 existing with a hose stream demand of at least 250 gpm (946 L/min)
for a duration of at least 60 minutes when pallets are stored no higher than 6 ft (1.8
m) and each pile of no more than four stacks shall be separated from other pallet piles
by at least 8 ft (1.4 m) of clear space or 25 ft (7.6 m) of commodity. The maximum
clearance of 20 ft (6.1 m) specified in 12.1.3.4 shall not apply to arrangement
12.12.1.2(5).

Table 12.12.1.2(a) Control Mode Density-Area Sprinkler Protection for In

Maximum
Maximum Storage Celing/Roof
Height Heightl Sprinkler Density | Te
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by at least 8 ft (1.4 m) of clear space or 25 ft (7.6 m) of commodity. The maximum

clearance of 20 ft (6.1 m) specified in 12.1.3.4 shall not apply to arrangement

12.12.1.2(5).

Table 12.12.1.2(a) Control Mode Density-Area Sprinkler Protection for In

Maximum
Maximum Storage Celing/Roof
Height Height! Sprinkler Density | Te
Type of Location Nominal
Sprinkler | of Storage | K-Factor ft m ft m gpm/ft2 | mm/min | ft
Cont.rol mode On floor 8 (115) or Upto6 | Uptol.8 20 6.1 0.20 8.2 20!
density/area larger
On floor | 11.2(161) | Upto8 | Upto2.4 30 9.1 0.45 18.3 25!
or larger
On floor | 11.2 (161) 8to 12 | 2.4t03.7 30 9.1 0.6 24.5 35
or rack or larger
without 121020 | 371061 ] 30 | 91 | 06 245 |45
solid
shelves
On floor | 16.8(242) | Upto20 Upto6.1 30 9.1 0.6 24.5 —
or larger

Note: For ceiling heights that exceed 30 ft (9.1 m), the requirements of 12.1.3.4 shall be applied.

Table 12.12.1.2(b) Large Drop Protection for Indoor Storage

Maximum
Maximum Ceiling/
Storage Roof Number of Design Sprinl
Height Height Pressur:
Type of Location of | Nominal Type of
Sprinkler Storage | K-Factor System
25 psi 50 ps
ft m ft m (1.7 bar) (3.4 ba
11.2 Wet 15 15
Large drop On floor (161) 20 6.1 30 | 9.1 Dry s s

Table 12.12.1.2(c) Specific Application Control Mode (16.8 K-Factor) Sprinkler Prote

Copyright NFPA

Maximum
Storage
Height

Maximum
Ceiling/Roof
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ft m

ft m

25 psi
(1.7 bar)

50 ps
(3.4 ba

Table 12.12.1.2(c) Specific Application Control Mode (16.8 K-Factor) Sprinkler Prote

Maximum Maximum
Storage Ceiling/Roof Minii
Height Height
Number of
Type of Location | Nominal Type of Design
Sprinkler of Storage | K-Factor ft m ft m System Sprinklers psi
Specific On floor 16.8 20 6.1 30 9.1 Wet 15 22
Application (161)
Table 12.12.1.2(d) ESFR Sprinkler Protection for Indoor Storage of Idle Woc
Maximum Maximum
Storage Ceiling/ Minimum Operating Hose Stre:
Height Roof Height Pressure Allowanc
Type of
Sprinkler Location | Nominal
(Orientation) | of Storage | K-Factor ft m ft m psi bar gpm 1
14.0 25 7.6 30 9.1 50 34
' 25 7.6 32 9.8 60 4.1
(201)
35 10.7 40 12.2 75 5.2
16.8 25 7.6 30 9.1 35 2.4
On floor or ' 25 |76 | 32 [ 98 | 4 2.9
rack (242)
ESFR . 35 10.7 40 12.2 52 3.6
without
(pendent) solid 4 25 7.6 30 9.1 25 1.7
shelves (32'2) 30 9.1 35 10.7 35 2.4 250
35 10.7 40 12.2 40 2.8
25 7.6 30 9.1 15 1.0
25.2
30 9.1 35 10.7 20 1.4
(363)
35 10.7 40 12.2 25 1.7
ESFR On floor 14.0 20 6.1 30 9.1 50 34
(upright) (201)
20 6.1 35 10.7 75 5.2

12.12.1.3 Idle wood pallets shall not be stored in racks unless they are protected in
accordance with the appropriate requirements of Table 12.12.1.2(a) or Table 12.12.1.2(d).
(See Section C.7.)

12.12.2 Plastic Pallets.

12.12.2.1 Plastic pallets shall be permitted to be stored in the following manners:
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(D) Plastic pallets shall be permitted to be stored outside.
2) Plastic pallets shall be permitted to be stored in a detached structure.
3) Plastic pallets shall be permitted to be stored indoors where arranged and protected
in accordance with the requirements of 12.12.2.2.
(4) Indoor storage of plastic pallets shall be permitted to be protected in accordance with
the requirements of Table 12.12.2.1
®)) Indoor storage of plastic pallets shall be permitted to be protected in accordance with
the following arrangement:
(a) Maximum storage height of 10 ft (3.05 m)
(b) Maximum ceiling height of 30 ft (9.1 m)
(c) Sprinkler density 0.6 gpm/ft? (24.4 mm/min) over 2000 ft2 (186 m?2)
(d) Minimum sprinkler K-factor of 16.8
(6) Indoor storage of non-wood pallets having a demonstrated fire hazard that is equal to
or less than idle wood pallets and is listed for such equivalency shall be permitted to
be protected in accordance with 12.12.1.
(7) When specific test data are available, the data shall take precedence in determining
the required protection of idle plastic pallets.
Table 12.12.2.1 ESFR Protection of Indoor Storage of Ic
Maximum Storage Maximum Ceiling/ M
Height Roof Height
Type of
Sprinkler Location of Nominal
(Orientation) Storage K-Factor ft m ft m
14.0 25 7.6 30 9.1
On floor or rack (201) iz 17667 ii 19282
ESFR (pendent) | without solid - -
25 7.6 30 9.1
shelves 16.8
(242) 25 7.6 32 9.8
35 10.7 40 12.2

12.12.2.2 Plastic pallets where stored indoors shall be protected as follows:

(M

Where stored in cutoff rooms, the following shall apply:
(a) The cutoff rooms shall have at least one exterior wall.

(b) The plastic pallet storage shall be separated from the remainder of the building
by 3 hour-rated fire walls.
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(c) Sprinkler protection by one of the following:

i.  The storage shall be protected by sprinklers designed to deliver 0.6 gpm/fi2
(24.5 mm/min) for the entire room or by high-expansion foam and

sprinklers designed to deliver 0.30 gpm/ft2 (12.2 mm/min) for the entire
room.

ii. K-14 ESFR upright sprinklers when the storage is on floor and the system
is designed to supply all sprinklers in the room at 50 psi (3.4 bar) for a
maximum of 30 ft (9.1 m) ceiling or 75 psi (5.2 bar) for a maximum 35 ft
(10.7 m) ceiling.

(d) The storage shall be piled no higher than 12 ft (3.7 m).

(e) Any steel columns shall be protected by 1 hour fireproofing or a sidewall
sprinkler directed to one side of the column at the top or at the 15 ft (4.6 m)
level, whichever is lower. Flow from these sprinklers shall be permitted to be
omitted from the sprinkler system demand for hydraulic calculations.

(2) Where stored without cutoffs from other storage, the following shall apply:
(a) Plastic pallet storage shall be piled no higher than 4 ft (1.2 m).
(b) Sprinkler protection shall employ high temperature—rated sprinklers.

(c) Each pallet pile of no more than two stacks shall be separated from other pallet
piles by at least 8 ft (2.4 m) of clear space or 25 ft (7.6 m) of stored commodity.

12.12.2.3 Idle plastic pallets shall be stored only in racks where protected in accordance
with the requirements of Table 12.12.2.1. When specific test data and a product listing are
available, the data shall take precedence in determining the required protection of idle plastic
pallets stored in racks.

12.12.3 Idle Pallets Stored on Racks, on Shelves, and Above Doors.

12.12.3.1 Idle pallets shall not be stored on racks or shelves, except where permitted in
12.12.1.3,12.12.2.3, and 12.12.3.2.

12.12.3.2 Idle wood pallets shall be permitted to be stored on the lowest level of storage
only where no storage or shelves are located above the stored pallets and the applicable
protection criteria referenced in Section 12.12 are applied.

12.12.3.3 Where idle pallet storage is above a door, the idle pallet storage height shall be
calculated from the base of storage above the door using the applicable protection criteria
referenced in Section 12.12.

Chapter 13 Miscellaneous Storage

13.1 Miscellaneous Storage up to 12 ft (3.7 m) in Height.
13.1.1 Hose Connections. Hose connections shall not be required for the protection of
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miscellaneous storage.

13.2 Design Basis.

13.2.1 For protection of miscellaneous storage up to 12 ft (3.7 m) in height of Class I
through Class IV commodities, Group A plastic, rubber tires, and rolled paper, the discharge
criteria in Table 13.2.1 and Figure 13.2.1 shall apply.

Table 13.2.1 Discharge Criteria for Miscellaneous Storage 12 ft (3.

Maximum
Storage Height | Ceiling Height
Design Curve
Commodity Type of Storage ft m ft m Figure 13.2.1 No
Class I to IV
Class I <12 <37 — — OH1
Class I <10 <1305 — — OH1
Class 11 Palletized, bin - 70773005 | — | — OH2
box, shelf, and 2 2
rack =12 |to =3.7
Class III <12 <37 — — OH2
Class IV <10 <3.05 — — OH2
Class IV Palletized, bin >10to | >3.05 32 — OH2
box, and shelf <12 |to =37
Class IV Rack >10to | >3.05 32 — EHI1
=12 |to =3.7
Group A Plastic Storage
<5 | =15 — — OH2
>510 = | >1.5t0 15 4.6 EH1
10 =3.05
Palletized, bin >5t0 = | >1.5t0 20 6.1 EH2
box, shelf, and 10 =3.05
rack >10to | >3.05 17 5.2 EH2
Cartoned Unexpanded =12 to =3.7
and expanded >10to | >3.05 32 5.2 OH2 +
<12 |to €37 level
in-re
Palletized, bin >10to | >3.05 32 8.2 EH2
box, and shelf <12 |to =37
Rack >10to | >3.05 32 — OH2 +
<12 [to 3.7 level
in-re
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Table 13.2.1 Discharge Criteria for Miscellaneous Storage 12 ft (3.

Copyright NFPA

Maximum
Storage Height | Ceiling Height
Design Curve
Commodity Type of Storage ft m ft m Figure 13.2.1 No
Palletized, bin <5 <15 — — OH2
box, shelf, and
rack
Unexpanded Palletized, bin >5t0 = >1.5to 28 — EH2
and expanded box, and shelf 8 <24
Palletized, bin >5t0 = | >1.5t0 15 4.6 EH2
box, shelf, and 10 <3.05
rack
Palletized, bin >5t0 = | >1.5t0 20 6.1 EH2
Unexpanded box, shelf, and 10 <3.05
Exposed rack
Rack >5t0 = | >1.5t0 20 6.1 OH2 +
Expanded 10 <3.05 level
in-re
Palletized, bin >10to | >3.05 17 5.2 EH2
box, and shelf <12 |to =37
Unexpanded >10to | >3.05 17 5.2 EH2
and expanded =12 |t0 =37
Rack >10to | >3.05 32 — OH2 +
<12 |to 237 level
in-re
Tire Storage
On floor, on side |>51o < | >1.5t0 32 — EHI
12 =37
On ﬂogr, ontread [ <35 =15 — — OH2
or on side
Single-, double-, <5 <15 — —
or multiple-row
racks on tread or OH2
) on side
Tires -
Single-row rack, |>5¢o =< | >1.5to 32 —
portable, on tread 12 =37 EHI
or on side
Single-row rack, |>5¢o =< | >1.5to 32 — EHI
fixed, on tread or 12 =37
on side st < | >15to| 32 — +
12 <37 2 level
in-re
Rolled Paper Storage
Heavy and medium weight | On end <10 | £3.05 30 — OH2




Table 13.2.1 Discharge Criteria for Miscellaneous Storage 12 ft (3.

Maximum
Storage Height | Ceiling Height

Design Curve
Commodity Type of Storage ft m ft m Figure 13.2.1 No

Tissue and light weight On end <10 | £3.05 30 — EHI

Density (mmdmin)

20 4.1 £.1 8.1 10.2 12.2 14.3 156.3
ol o I ] [ TRITTTTTTTT]468
? == EEE ! N E N t
z 4000 l = ' : \:\ I \f\ 372 g
£ b : N EER N L : g
= T | 1 \{?5,5 & LY o
& HE \ \ || N7 S <
Q foae 44 L1 T - .' = B - : e F &
£ 3000 : e N 279 ¥
= _1|___-r_1|_ ml [ ¢ N ";O | | ) =
8 NS NS TN D 5
ol 2500 T — r \ '} = rt ! Y ! 1232 S
o L I T .- o
- | 111 | | | | | @
2 2000 maE ) Y ! Tt 186 %
1500 ettt i i |- | i 138
0.05 LR LF] 0,15 0,20 0.25 0.30 0.35 0.40

Density (gpmifte)

FIGURE 13.2.1 Miscellaneous Storage 12 ft (3.7 m) or Less in Height — Design
Curves (see Table 13.2.1).

13.2.2 Design criteria and modifiers as permitted by the density/area method of Chapter 11
for Ordinary Hazard Group 1, Ordinary Hazard Group 2, Extra Hazard Group 1, and Extra
Hazard Group 2 Occupancies shall be applicable for the protection of miscellaneous storage
and commodity Class I through Class IV storage 12 ft (3.7 m) or less in height as required by
Table 13.2.1 and Figure 13.2.1.

13.3 In-Rack Sprinklers.

13.3.1 General. In-rack sprinklers required by Table 13.2.1 shall meet the requirements of
this section and the applicable storage protection and arrangement sections of this chapter.

13.3.2 Discharge Criteria. In-rack sprinklers shall have a K-factor of 5.6 or larger and
operate at a minimum of 15 psi (1 bar).

13.3.3 Water Demand. Where one level of in-rack sprinklers is installed for miscellaneous
storage, water demand shall be based on simultaneous operation of the hydraulically most
demanding four adjacent sprinklers.

Chapter 14 Protection of Class I to Class IV Commodities That I
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Are Stored Palletized, Solid Piled, Bin Boxes, or Shelf Storage I

14.1 General.

This chapter shall apply to a broad range of combustibles that are stored palletized, solid
piled, bin boxes, or shelf storage. The requirements of Chapter 12 shall apply unless modified
by this chapter.

14.1.1* The minimum water supply requirements for a hydraulically designed occupancy
hazard fire control sprinkler system shall be determined by adding the hose stream allowance
from Table 14.1.1 to the water supply for sprinklers. This supply shall be available for the
minimum duration specified in Table 14.1.1. (See Section C.8.)

Table 14.1.1 Hose Stream Allowance and Water Supply Duration Req

Storage Height Inside Hose

Tot

Commodity Classification ft m gpm L/min

Over 12 up to 20 Over 3.7 up to 6.1 0, 50, or 100 0, 190, 380

Class L, 11, and 111
ass L, oL al Over 20 up 030 | Over6.1upto9.1 | 0,50, 0r 100 | 0, 190, 380

Over 12 up to 20 Over 3.7 up to 6.1 0, 50, or 100 0, 190, 380
Class IV

Over 20 up to 30 Over 6.1 upto 9.1 0, 50, or 100 0, 190, 380

14.2* Control Mode Density—Area Sprinkler Protection Criteria for Palletized, Solid
Piled, Bin Box, or Shelf Storage of Class I Through Class IV Commodities.

14.2.1 Protection for Class I through Class IV commodities in the following configurations
shall be provided in accordance with this chapter:

(D) Nonencapsulated commodities that are solid pile, palletized, or bin box storage up to
30 ft (9.1 m) in height

(2)  Nonencapsulated commodities on shelf storage up to 15 ft (4.6 m) in height

(3)*  Encapsulated commodities that are solid pile, palletized, bin box, or shelf storage up
to 15 ft (4.6 m) in height

14.2.2 The area and density for the hydraulically remote area and the water supply shall be
determined as specified in 14.2.3 for storage up to and including 12 ft (3.7 m) and 14.2.4 for
storage over 12 ft (3.7 m).

14.2.3 Protection Criteria for Palletized, Solid Piled, Bin Box, or Shelf Storage of Class
I Through Class IV Commodities Stored up to 12 ft (3.7 m) in Height.

14.2.3.1 The protection criteria for storage up to and including 12 ft (3.7 m) shall be the
same as for miscellaneous storage selected from Chapter 13. The protection criteria in
Chapter 13 shall be acceptable for storage of Class I to IV commodities up to and including
12 ft (3.7 m) in height. See Table 13.2.1, Discharge Criteria for Miscellaneous Storage 12 ft
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(3.7 m) or less in Height for specific Class I to IV storage height protection criteria.

14.2.4 Protection Criteria for Palletized, Solid-Piled, Bin Box, or Shelf Storage of Class
I Through Class IV Commodities Stored over 12 ft (3.7 m) in Height.

14.2.4.1 Where using ordinary temperature—rated sprinklers, a single point shall be selected
from the appropriate commodity curve on Figure 14.2.4.1.

mt i
gRg G000 T H
51
g 500 e E\i‘ i
@ 454}5000. ..... _. R E
£ NN, |
& 400 - & | W
g 4000 — -
o 350 ] - QITTEINCE
% w T ,'o._l}'@ TN
= 3000 ‘:3,% @E'f | B
& 1 2
250 NN .
| b I i
200 5000 T pe P o

T
gpmift® 0.1 015 02 025 03 035 04
mm/min 4.1 6.1 82 102 122 143 163
Sprinkler density
FIGURE 14.2.4.1 Sprinkler System Design Curves, 20 ft
(6.1 m) High Storage — Ordinary Temperature—Rated Sprinklers.

14.2.4.2 Where using high temperature—rated sprinklers, a single point shall be selected
from the appropriate commodity curve on Figure 14.2.4.2.
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£ .- N N
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ity ! 4 - i h }—1 : =
gpmef2 0.1 0.15 0.2 0.25 0.30
mm'min .1 6.1 8.2 102 122
Sprinkler density

FIGURE 14.2.4.2 Sprinkler System Design Curves, 20 ft
(6.1 m) High Storage — High Temperature—Rated Sprinklers.

14.2.4.3 The densities selected in accordance with 14.2.4.1 or 14.2.4.2 shall be modified in
accordance with Figure 14.2.4.3 without revising the design area.
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FIGURE 14.2.4.3 Ceiling Sprinkler Density vs. Storage Height.

14.2.4.4 In the case of metal bin boxes with face areas not exceeding 16 fi2 (1.5 m?) and
metal closed shelves with face areas not exceeding 16 t2 (1.5 m2), the area of application
shall be permitted to be reduced by 50 percent, provided the minimum requirements of
14.2.4.5 and 14.2.4.6 are met.

L]
14.2.4.5 For storage greater than 12 ft (3.7 m), the design density shall not be less than 0.15

gpm/fi2 (6.1 mm/min), and the design area shall not be less than 2000 ft2 (186 m?) for wet
systems or 2600 ft2 (242 m2) for dry systems for any commodity, class, or group.

14.2.4.6 For storage greater than 12 ft (3.7 m), the sprinkler design density for any given
area of operation for a Class III or Class IV commodity, calculated in accordance with
14.2.4, shall not be less than the density for the corresponding area of operation for Ordinary
Hazard Group 2.

14.3 Large Drop Sprinklers and Specific Application Control Mode Sprinklers for
Palletized or Solid-Piled Storage of Class I Through Class IV Commodities.

14.3.1 Protection of palletized and solid-piled storage of Class I through Class IV
commodities shall be in accordance with Table 14.3.1(a) and Table 14.3.1(b).

Table 14.3.1(a) Large Drop Sprinkler Design Criteria for Palletized and Solid-Pile:

Commodities
Maximum Numl
Maximum Ceiling/ Roof Sprinkl
Storage Height Height ]
Commodity | Nominal Type of
Storage Arrangement Class K-Factor ft m ft m System /psi
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Table 14.3.1(a) Large Drop Sprinkler Design Criteria for Palletized and Solid-Pile:

Commodities
Maximum Numl|
Maximum Ceiling/ Roof Sprinkl
Storage Height Height ]
Commodity | Nominal Type of

Storage Arrangement Class K-Factor ft m ft m System /psi
11.2 Wet 15/2:

I IL, 1T 25 7.6 35 10.7
> (161) Dry 25/2:
11.2 Wet 20/2:

Palleti I 20 6.1 30 9.1
alletized A\ (161) Dry N/A
11.2 Wet 15/51

I 20 6.1 30 9.1
M (16 Dy | NA
11.2 Wet 15/2:

I IL, I 20 6.1 30 9.1
s T (161) Dry 25/2:

Solid-Piled

v 11.2 20 6.1 30 9.1 Wet 15/51
(161) ’ ' Dry N/A

Table 14.3.1(b) Specific Application Control Mode [16.8 K-Factor (242)] Sprinkler De:
Storage of Class I Through Class IV Commodit

Number of Design Sg
Maximum Storage | Maximum Building by Minimum Ope!
Height Height Pressure
Commodity Type of 10 psi

Configuration Class ft m ft m System (0.7 bar) (
Palletized Torll 25 7.6 30 9.1 Wet 15
Palletized III or IV 25 7.6 30 9.1 Wet —
Solid-piled Torll 25 7.6 30 9.1 Wet 15
Solid-piled III or IV 25 7.6 30 9.1 Wet —

14.3.2 Protection shall be provided as specified in Table 14.3.1(a) and Table 14.3.1(b), or
appropriate NFPA standards in terms of minimum operating pressure and the number of
sprinklers to be included in the design area.

14.3.3 The minimum number of design sprinklers for ordinary hazard and miscellaneous
storage in accordance with this standard shall be 15 for wet pipe systems and 25 for
preaction systems and dry pipe systems.

14.3.4 Open Wood Joist Construction.

14.3.4.1 Where large drop K-11.2 (161) sprinklers are installed under open wood joist
construction, their minimum operating pressure shall be 50 psi (3.4 bar).
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14.3.4.2 For large drop sprinklers, where each joist channel of open, wood joist
construction is fully fire-stopped to its full depth at intervals not exceeding 20 ft (6.1 m), the
lower pressures specified in Table 14.3.1(a) shall be permitted to be used.

14.3.5 For large drop sprinklers, the design area shall be a rectangular area having a
dimension parallel to the branch lines at least 1.2 times the square root of the area protected
by the number of sprinklers to be included in the design area. Any fractional sprinkler shall be
included in the design area.

14.3.6 Hose stream allowance and water supply duration requirements shall be in
accordance with Table 14.3.1(a) and Table 14.3.1(b).

14.3.7 Preaction Systems.

14.3.7.1 For the purpose of using Table 14.3.1(a) and Table 14.3.1(b), preaction systems
shall be classified as dry pipe systems.

14.3.8 Building steel shall not require special protection where Table 14.3.1(a) and Table
14.3.1(b) are applied as appropriate for the storage configuration.

14.4 Early Suppression Fast-Response (ESFR) Sprinklers for Palletized or Solid Piled
Storage of Class I Through Class IV Commodities.

14.4.1 Protection of palletized and solid-piled storage of Class I through Class IV
commodities shall be in accordance with Table 14.4.1.

Table 14.4.1 ESFR Protection of Palletized and Solid-Piled Storage of Class I Througl

Maximum Minimum
Maximum Ceiling/Roof Operating
Storage Height Height Pressure
Nominal
Commodity ft m ft m K-Factor Orientation psi bar
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Table 14.4.1 ESFR Protection of Palletized and Solid-Piled Storage of Class I Throug}

Maximum Minimum
Maximum Ceiling/Roof Operating
Storage Height Height Pressure
Nominal
Commodity ft m ft m K-Factor Orientation psi bar
14.0 Upright or 50 34
(201) pendent
16.8 Upright/ 35 2.4
20 6.1 25 7.6 (242) | Pendent
22.4 Pendent 25 1.7
(322)
25.2 Pendent 15 1.0
(363)
14.0 Upright or 50 34
(201) pendent
16.8 Upright/ 35 2.4
(242) Pendent
30 o1 22.4 Pendent 25 1.7
(322)
25 7.6 25.2 Pendent 15 1.0
(363)
14.0 Upright or 60 4.1
701\ nendent
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Table 14.4.1 ESFR Protection of Palletized and Solid-Piled Storage of Class I Throug}

Maximum Minimum
Maximum Ceiling/Roof Operating
Storage Height Height Pressure
Nominal
Commodity ft m ft m K-Factor Orientation psi bar
32 78 16.8 Pendent 42 2.9
(242)
Class I, I1, I, or 140 | Upright or 75 5.2
IV, encapsulated
(no open-top (201) penclient
. 16.8 Upright/ 52 3.6
cogtalners or (242) Pendent
solid shelves) 30 o1 35 10.7 22.4 Pendent 35 2.4
(322)
25.2 Pendent 20 1.4
(363)
14.0 Pendent 75 5.2
(201)
16.8 Upright/ 52 3.6
(242) Pendent
35 10.7 40 122 22.4 Pendent 40 2.8
(322)
25.2 Pendent 25 1.7
(363)
224 Pendent 40 2.8
(322)
35 10.7 # 13.7 252 Pendent 40 2.8
(363)
224 Pendent 40 2.8
(322)
40 122 45 13.7 252 Pendent 40 2.8
(363)

14.4.2 ESFR sprinkler systems shall be designed such that the minimum operating pressure
is not less than that indicated in Table 14.4.1 for commodity, storage height, and building
height involved.

14.4.3 The design area shall consist of the most hydraulically demanding area of 12
sprinklers, consisting of four sprinklers on each of three branch lines.

14.4.4 Where ESFR sprinklers are installed above and below obstructions, the discharge for
up to two sprinklers for one of the levels shall be included with those of the other level in the
hydraulic calculations.

14.5 Special Design for Palletized, Solid Piled, Bin Box, or Shelf Storage of Class I
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Through Class IV Commodities.

Bin box and shelf storage that is over 12 ft (3.7 m) but not in excess of the height limits of
14.2.1 and that is provided with walkways at vertical intervals of not over 12 ft (3.7 m) shall
be protected with automatic sprinklers under the walkway(s). Protection shall be as follows:

(1) Ceiling design density shall be based on the total height of storage within the
building.

(2)  Automatic sprinklers under walkways shall be designed to maintain a minimum discharge
15 psi (1 bar) for the most hydraulically demanding six sprinklers on each level. Walkway
demand shall not be required to be added to the ceiling sprinkler demand. Sprinklers unde
shall not be spaced more than 8 ft (2.4 m) apart horizontally.

14.6 High Expansion Foam — Reduction to Ceiling Density.

A reduction in ceiling density to one-half that required for Class I through Class IV
commodities, idle pallets, or plastics shall be permitted without revising the design area, but
the density shall be no less than 0.15 gpm/ft? (6.1 mm/min).

Chapter 15 Protection of Plastic and Rubber Commodities That
Are Stored Palletized, Solid Piled, Bin Boxes, or Shelf Storage

15.1 General.

This chapter shall apply to plastic and rubber commodities that are stored palletized, solid
pile, bin boxes, or shelf storage. The requirements of Chapter 12 shall apply unless modified
by this chapter.

15.1.1 The minimum water supply requirements for a hydraulically designed occupancy
hazard fire control sprinkler system shall be determined by adding the hose stream allowance
from Table 15.1.1 to the water supply for sprinklers. This supply shall be available for the
minimum duration specified in Table 15.1.1. (See Section C.8.)

Table 15.1.1 Hose Stream Allowance and Water Supply Duratio

Storage Height Inside Hose
Commodity Classification ft m gpm L/min
<5 <1.5 0, 50, or 100 0, 190, 38C
Group A plastic Over 5 up to 20 Over 1.5up to 6.1 0, 50, or 100 0, 190, 38C
Over 20 up to 25 Over 6.1 upto 7.6 0, 50, or 100 0, 190, 38C

15.1.2* Storage Conditions.

15.1.2.1 The design of the sprinkler system shall be based on those conditions that routinely
or periodically exist in a building and create the greatest water demand. These conditions
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include the following:

(1) Pile height
(2)  Clearance
(3)  Pile stability
(4)  Array

15.2* Control Mode Density—Area Sprinkler Protection Criteria for Palletized, Solid
Piled, Bin Box, or Shelf Storage of Plastic and Rubber Commodities.

15.2.1* Protection for plastic and rubber commodities shall be in accordance with Section
15.2. The decision tree shown in Figure 15.2.1 shall be used to determine the protection in
each specific situation, subject to the following limitations:

(1) Commodities that are stored palletized, solid piled, or in bin boxes up to 25 ft (7.62
m) in height
(2)  Commodities that are stored in shelf storage up to 15 ft (4.6 m) in height
Plastics
I
I i |
Group A ¢See Note) Group B Group C
| Class IV Class |11
i | |
Expanded Monexpanded Free-flowing
i J Class IV
| [ I |
Cartoned Exposed Unstable Stable

Table 15.2.5(a) or
(b} Column A |
[ I | i

Stable Unstabie Stable Unstable Sol Unit Load Caroned Exposad
Table 15.2.5{a) Table 15.2.5(a) Table 162.5(a) Table 152.5{a) Table 15.2.5{a) Table 15.2 5{a) Table 15.2.5(a)
or (b)) Column E or{b) Column D or (b Column B or (b) Column ©  or (b) Column A or (b} Column & or {b) Column E

Mote: Cartons that confain Group A plastic material shall be permitted to be treated as Class IV commedities
under the following conditions:

(1) There shall be mulliple layers of cormugation or equivalent ouler material thal would significantly delay fire
invalvement of the Group A plastic.

(Z) The amount and arrangement of Group A plastic materal within an ordinary carton would not be expecied
to significantly increase the fire hazard,

FIGURE 15.2.1 Decision Tree.

15.2.2* Factors affecting protection requirements such as closed/open array, clearance
between storage and sprinklers, and stable/unstable piles shall be applicable only to storage
of Group A plastics. This decision tree also shall be used to determine protection for

commodities that are not wholly Group A plastics but contain such quantities and
arrangements of the same that they are deemed more hazardous than Class IV commodities.

15.2.3 Group B plastics and free-flowing Group A plastics shall be protected in the same
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manner as a Class IV commodity. (See Chapter 14 for protection of these storage
commodities with spray sprinklers.)

15.2.4 Group C plastics shall be protected in the same manner as a Class 11 commodity.
(See Chapter 14 for protection of these storage commodities with spray sprinklers.)

15.2.5* Design areas and densities for the appropriate storage configuration shall be
selected from Table 15.2.5(a) or Table 15.2.5(b) as appropriate. Columns A, B, C, D, and E
correspond to the protection required by the decision tree shown in Figure 15.2.1.

Table 15.2.5(a) Design Densities for Palletized, Solid-Piled, Bin Box, or Shelf Storage ¢
Plastic and Rubber Commodities (U.S. Units)

Storage Height | Roof/Ceiling Height Density (gpm/ft2)
(ft) (ft) A B C D E
<5 up to 25 OH2 OH2 OH2 OH2 OH2
up to 15 0.2 EH2 0.3 EHI1 EH2
=12 >151t020 0.3 0.6 0.5 EH2 EH2
>20 to 32 0.4 0.8 0.6 0.45 0.7
up to 20 0.3 0.6 0.5 0.4 0.45
15 >20 to 25 0.4 0.8 0.6 0.45 0.7
>25t0 35 0.45 0.9 0.7 0.55 0.85
up to 25 0.4 0.8 0.6 0.45 0.7
20 >25to 30 0.45 0.9 0.7 0.55 0.85
>30 to 35 0.6 1.2 0.85 0.7 1.1
25 up to 30 0.45 0.9 0.7 0.55 0.85
>30 to 35 0.6 1.2 0.85 0.7 1.1
Notes:

(1) Minimum clearance between sprinkler deflector and top of storage shall be maintained as required.
(2) Column designations correspond to the configuration of plastics storage as follows:
A: (1) Nonexpanded, unstable
(2) Nonexpanded, stable, solid unit load
B: Expanded, exposed, stable
C: (1) Expanded, exposed, unstable
(2) Nonexpanded, stable, cartoned
D: Expanded, cartoned, unstable
E: (1) Expanded, cartoned, stable
(2) Nonexpanded, stable, exposed
(3) OH2 = Density required by Figure 13.2.1 for Curve OH2
EHI1 = Density required by Figure 13.2.1 for Curve EH1
EH2 = Density required by Figure 13.2.1 for Curve EH2

(4) Hose streams and durations shall be as follows: =35 ft 250 gpm (946 L/min) and 90 minutes; >5 ft to =20
500 gpm (1900 L/min) and 120 minutes; >20 ft to =25 ft 500 gpm (1900 L/min) and 150 minutes.

Table 15.2.5(b) Design Densities for Palletized, Solid-Pile, Bin-Box, or Shelf Storage o
Plastic and Rubber Commodities (Metric Units)
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Table 15.2.5(b) Design Densities for Palletized, Solid-Pile, Bin-Box, or Shelf Storage o
Plastic and Rubber Commodities (Metric Units)

Density
Storage Height | Roof/Ceiling Height (mm/min)

(m) (m) A B C D E
<15 Upto 7.6 OH2 OH2 OH2 OH2 OH2
Upto4.6 8.2 EH2 12.2 EHI1 EH2
=3.6 >4.6 to 6.1 12.2 24.5 20.4 EH2 EH2
>6.1t09.8 16.3 32.6 24.5 18.4 28.6
Upto6.1 12.2 24.5 20.4 16.3 18.4
4.6 >6.1t07.6 16.3 32.6 24.5 18.4 28.6
>7.6 to 10.7 18.4 36.7 28.6 22.4 34.7
Upto 7.6 16.3 32.6 24.5 18.4 28.6
6.1 >7.6t09.1 18.4 36.7 28.6 22.4 34.7
>9.1to 10.7 24.5 49.0 34.7 28.6 44.9
7.6 Upto9.1 18.4 36.7 28.6 22.4 34.7
>9.1to 10.7 24.5 49.0 34.7 28.6 44.9

Notes:

(1) Minimum clearance between sprinkler deflector and top of storage shall be maintained as required.
(2) Column designations correspond to the configuration of plastics storage as follows:
A: (1) Nonexpanded, unstable

(2) Nonexpanded, stable, solid unit load

B: Expanded, exposed, stable
C: (1) Expanded, exposed, unstable

(2) Nonexpanded, stable, cartoned

D: Expanded, cartoned, unstable

E: (1) Expanded, cartoned, stable
(2) Nonexpanded, stable, exposed

(3) OH2 = Density required by Figure 13.2.1 for Curve OH2

EHI1 = Density required by Figure 13.2.1 for Curve EH1
EH2 = Density required by Figure 13.2.1 for Curve EH2

(4) Hose streams and durations shall be as follows: =35 ft 250 gpm (946 L/min) and 90 minutes; >5 ft to =20
500 gpm (1900 L/min) and 120 minutes; >20 ft to =25 ft 500 gpm (1900 L/min) and 150 minutes.

15.2.6 The ceiling only protection criteria specified in Chapter 17 for rack storage of plastic
and rubber commodities shall be permitted to be used for solid piled palletized storage of the

same commodity, at the same height and clearance.

15.2.7 For Table 15.2.5(a) and Table 15.2.5(b), the design areas shall be as follows:
(D) The area shall be a minimum of 2500 t2 (232 m?).

(2) Where Table 15.2.5(a) and Table 15.2.5(b) allow densities and areas to be selected in
accordance with Figure 13.2.1, Curve OH2, Curve EH1, and Curve EH2, any density
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area from the curves in Figure 13.2.1 shall be permitted.
3) For closed arrays, the area shall be permitted to be reduced to 2000 t2 (186 m?).

15.2.8 Interpolation of densities between storage heights shall be required. Densities shall be
based on the 2500 ft2 (232 m?) design area. The “up to” in Table 15.2.5(a) and Table
15.2.5(b) is intended to aid in the interpolation of densities between storage heights.
Interpolation of ceiling/roof heights shall not be permitted.

15.3 Large Drop Sprinklers and Specific Application Control Mode Sprinklers for
Palletized or Solid-Piled of Plastic and Rubber Commodities.

15.3.1 Protection of palletized and solid-piled storage of unexpanded plastic and expanded
plastic commodities shall be in accordance with Table 15.3.1(a) or Table 15.3.1(b).

Table 15.3.1(a) Large Drop Sprinkler Design Criteria for Palletized and Solid-Piled

Maximum Number
Maximum Ceiling/ Roof Sprinkler
Storage Height Height Pr
Storage Commodity Nominal Type of
Arrangement Class K-Factor ft m ft m System /psi
Cartoned or Wet 25/25
exposed 11.2
2 1 A
unexpanded (161) 0 6 30 ? Dry N/A
Palletized plastics
Cartoned or 112 Wet 15/50
exposed ) 18 5.5 26 7.9
expanded plastics (161) Dry N/A
Cartoned or Wet 15/50
Sy exposed 11.2
- 2 1 A
Solid-piled unexpanded (161) 0 6 30 ? Dry N/A
plastics

Table 15.3.1(b) Specific Application Control Mode [16.8 K-Factor (242)] Sprinkler L
Storage of Plastic and Rubber Commoditi¢

Number of Desi

Maximum Storage Maximum by Minimum
Height Building Height Press
Commodity Type of 10 psi
Configuration Class ft m ft m System (0.7 bar)
Palletized Cartoned or 25 7.6 30 9.1 Wet —
exposed
unexpanded
plastics
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Table 15.3.1(b) Specific Application Control Mode [16.8 K-Factor (242)] Sprinkler L
Storage of Plastic and Rubber Commoditi¢

Number of Desi

Maximum Storage Maximum by Minimum
Height Building Height Press
Commodity Type of 10 psi
Configuration Class ft m ft m System (0.7 bar)
Solid-piled Cartoned or 25 7.6 30 9.1 Wet —
exposed
unexpanded
plastics

15.3.2 Protection shall be provided as specified in Table 15.3.1(a) and Table 15.3.1(b) or
appropriate NFPA standards in terms of minimum operating pressure and the number of
sprinklers to be included in the design area.

15.3.3 Open Wood Joist Construction.

15.3.3.1 Where large drop K-11.2 (161) sprinklers are installed under open wood joist
construction, their minimum operating pressure shall be 50 psi (3.4 bar).

15.3.3.2 Where each joist channel of open, wood joist construction is fully fire-stopped to
its full depth at intervals not exceeding 20 ft (6.1 m), the lower pressures specified in Table
15.3.1(a) shall be permitted to be used.

15.3.4 The design area shall be a rectangular area having a dimension parallel to the branch
lines at least 1.2 times the square root of the area protected by the number of sprinklers to be
included in the design area. Any fractional sprinkler shall be included in the design area.

15.3.5 Hose stream allowance and water supply duration requirements shall be in
accordance with Table 15.3.1(a) and Table 15.3.1(b).

15.3.6 Preaction Systems. For the purpose of using 15.3.1, preaction systems shall be
classified as dry pipe systems.

15.3.7 Building steel shall not require special protection where Table 15.3.1(a) or Table
15.3.1(b) is applied as appropriate for the storage configuration.

15.4 Early Suppression Fast-Response (ESFR) Sprinklers for Palletized, Solid Piled of
Plastic and Rubber Commodities.

15.4.1 Protection of palletized and solid-piled storage of cartoned or uncartoned
unexpanded plastic and cartoned expanded plastic shall be in accordance with Table 15.4.1.

Table 15.4.1 ESFR Protection of Palletized and Solid-Piled Storage of F
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15.4 Early Suppression Fast-Response (ESFR) Sprinklers for Palletized, Solid Piled of
Plastic and Rubber Commodities.

15.4.1 Protection of palletized and solid-piled storage of cartoned or uncartoned

unexpanded plastic and cartoned expanded plastic shall be in accordance with Table 15.4.1.

Table 15.4.1 ESFR Protection of Palletized and Solid-Piled Storage of F

Maximum
Maximum Ceiling/ Roof
Storage Height Height
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation
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Table 15.4.1 ESFR Protection of Palletized and Solid-Piled Storage of F

Maximum
Maximum Ceiling/ Roof
Storage Height Height
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation
Palletized and Cartoned 14.0 Upright or
solid-piled unexpanded (201) pendent
storage (no plastic 16.8 Upright/
open-top (242) Pendent
containers or 25 7.6 2.4 Pendent
solid shelves) (322)
25.2 Pendent
(363)
14.0 Upright or
(201) pendent
16.8 Upright/
(242) Pendent
30 o1 22.4 Pendent
(322)
25.2 Pendent
(363)
14.0 Upright/
20 6.1 (201) Pen'dent
16.8 Upright/
(242) Pendent
35 76 22.4 Pendent
(322)
25.2 Pendent
(363)
14.0 Pendent
(201)
16.8 Pendent
40 12.2 (242)
' 22.4 Pendent
(322)
25.2 Pendent
(363)
45 13.7 224 Pendent
(322)
25.2 Pendent
(363)
14.0 Upright or
(201) pendent
16.8 Upright/
(242) Pendent
30 o1 22.4 Pendent
(322)
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Table 15.4.1 ESFR Protection of Palletized and Solid-Piled Storage of F

Maximum
Maximum Ceiling/ Roof
Storage Height Height
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation
25.2 Pendent
(363)
14.0 Upright or
0 0.8 (201) pen'dent
16.8 Upright/
(242) Pendent
14.0 Upright or
(201) pendent
16.8 Upright/
(242) Pendent
o 76 35 76 22.4 Pendent
(322)
25.2 Pendent
(363)
14.0 Pendent
(201)
16.8 Pendent
40 12.2 (242)
224 Pendent
(322)
25.2 Pendent
(363)
45 13.7 22.4 Pendent
(322)
25.2 Pendent
(363)
14.0 Upright or
(201) pendent
16.8 Upright/
(242) Pendent
35 10.7 22.4 Pendent
(322)
25.2 Pendent
(363)
14.0 Pendent
(201)
30 o1 16.8 Pendent
40 12.2 (242)
224 Pendent
(322)
25.2 Pendent
(363)
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Table 15.4.1 ESFR Protection of Palletized and Solid-Piled Storage of F

Maximum
Maximum Ceiling/ Roof
Storage Height Height
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation
224 Pendent
(322)
45 13.7
25.2 Pendent
(363)
Cartoned 14.0 Pendent
unexpanded (201)
plastic
(continued)
16.8 Pendent
40 12.2 (242)
224 Pendent
35 10.7 (322)
25.2 Pendent
(363)
224 Pendent
(322)
# 13.7 25.2 Pendent
(363)
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Table 15.4.1 ESFR Protection of Palletized and Solid-Piled Storage of F

Maximum
Maximum Ceiling/ Roof
Storage Height Height
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation
224 Pendent
(322)
4 12.2 4 13.
0 > 37 25.2 Pendent
(363)
Exposed 14.0 Pendent
unexpanded (201)
plastic 25 7.6
16.8 Pendent
(242)
14.0 Pendent
(201)
.1
30 ? 16.8 Pendent
20 6.1 (242)
14.0 Pendent
(201)
10.
35 0.7 16.8 Pendent
(242)
14.0 Pendent
(201)
4 12.2
0 16.8 Pendent
(242)
14.0 Pendent
(201)
.1
30 ? 16.8 Pendent
(242)
14.0 Pendent
(201)
32 08 16.8 Pendent
(242)
25 76 (124:){)) Pendent
10.
35 0.7 16.8 Pendent
(242)
14.0 Pendent
(201)
16.8 Pendent
40 12.2 (242)
25.2 Pendent
(363)
14.0 Pendent
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Table 15.4.1 ESFR Protection of Palletized and Solid-Piled Storage of F

Maximum
Maximum Ceiling/ Roof
Storage Height Height
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation
207)
10.
35 0.7 16.8 Pendent
(242)
14.0 Pendent
30 9.1 201)
16.8 Pendent
40 12.2 (242)
25.2 Pendent
(363)
14.0 Pendent
(201)
16.8 Pendent
35 10.7 40 12.2 (242)
25.2 Pendent
(363)
Cartoned 14.0 Upright or
201 t
expanded 25 76 (201) pen.den
plastic 16.8 Upright/
242
20 6.1 (242) Pendent
14.0 Upright or
201 t
30 9.1 (201) pen'den
16.8 Upright/
(242) Pendent
14.0 Upright or
201 t
30 | 91 (201) penden
16.8 Upright/
(242) Pendent
25 7.6
14.0 Pendent
201
32 9.8 (20 -
16.8 Upright/
(242) Pendent
Exposed* 25 7.5 40 12.2 25.2 Pendent
expanded (363)
plastic

* Applies to closed array storage only.

15.4.2 ESFR sprinkler systems shall be designed such that the minimum operating pressure
is not less than that indicated in Table 15.4.1 for type of storage, commodity, storage height,

and building height involved.

15.4.3 The design area shall consist of the most hydraulically demanding area of 12
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sprinklers, consisting of four sprinklers on each of three branch lines.

15.4.4 Where ESFR sprinklers are installed above and below obstructions, the discharge for
up to two sprinklers for one of the levels shall be included with those of the other level in the
hydraulic calculations.

15.4.5 Special Design for Palletized, Solid-Piled, Bin Box, or Shelf Storage of Plastic
and Rubber Commodities. (Reserved)
15.5 High Expansion Foam — Reduction to Ceiling Density.

A reduction in ceiling density to one-half that required for Class I through Class IV
commodities, idle pallets, or plastics shall be permitted without revising the design area, but
the density shall be no less than 0.15 gpm/ft? (6.1 mm/min).

Chapter 16 Protection of Class I Through Class IV
Commodities That Are Stored on Racks

16.1 General.

16.1.1 This section shall apply to storage of materials representing the broad range of
combustibles stored in racks. The requirements of Chapter 12 shall apply unless modified by
this chapter. (See Section C.9.)

16.1.2* Sprinkler Protection Criteria.

16.1.2.1 Sprinkler protection criteria for the storage of materials on racks shall be in
accordance with Section 16.2 for storage up to 25 ft (7.6 m), and Section 16.3 for storage
over 25 ft (7.6 m).

16.1.2.2* Protection criteria for Group A plastics shall be permitted for the protection of the
same storage height and configuration of Class I, II, III, and IV commodities.

16.1.3 Movable Racks. Rack storage in movable racks shall be protected in the same
manner as multiple-row racks.

16.1.4 Fire Protection of Steel Columns — Columns Within Storage Racks of Class I
Through Class IV and Plastic Commodities. (See Section C.10.)

16.1.4.1 Where sprinkler protection of building columns within the rack structure or vertical
rack members supporting the building are installed in lieu of fireproofing, sprinkler
protection in accordance with one of the following shall be provided:

(1) Sidewall sprinklers at the 15 ft (4.6 m) elevation, pointed toward one side of the steel
column

(2) Provision of ceiling sprinkler density for a minimum of 2000 ft2 (186 m2) with
ordinary 165°F (74°C) or high-temperature 286°F (141°C) rated sprinklers as shown
in Table 16.1.4.1 for storage heights above 15 ft (4.6 m), up to and including 20 ft
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(6.1 m)

3) Provision of large drop, specific application control mode or ESFR ceiling sprinkler
protection

(4) This protection shall not be required where storage in fixed racks is protected by
in-rack sprinklers.

Table 16.1.4.1 Ceiling Sprinkler Densities for Protection of Steel Building Columns

Aisle Width
4 ft (1.2 m) 8 ft (2.4 m)

Commodity gpm/ft2 (L/min)/m2 gpm/ft2

Classification (L/min)/m2
Class | 0.37 15.1 0.33 13.5
Class IT 0.44 17.9 0.37 15.1
Class III 0.49 20 0.42 17.1
Class IV and Plastics 0.68 27.7 0.57 23.2

16.1.4.2 The flow from a column sprinkler(s) shall be permitted to be omitted from the
sprinkler system hydraulic calculations.

16.1.5 High-Expansion Foam.
16.1.5.1 High-Expansion Foam Ceiling Sprinkler Density.

16.1.5.1.1 Where high-expansion foam systems are used in combination with ceiling
sprinklers, the minimum ceiling sprinkler design density shall be 0.2 gpm/ft2 (8.1 mm/min) for
Class I, Class 11, or Class III commodities or 0.25 gpm/ft? (10.2 mm/min) for Class IV
commodities for the most hydraulically remote 2000 ft2 (186 m?) operating area.

16.1.5.1.2 Where high-expansion foam systems are used in combination with ceiling
sprinklers, the maximum submergence time shall be 7 minutes for Class I, Class II, or Class
IIT commodities and 5 minutes for Class IV commodities.

16.1.5.1.3 Where high-expansion foam systems are used for storage over 25 ft (7.6 m) high
up to and including 35 ft (10.7 m) high, they shall be used in combination with ceiling
sprinklers. The maximum submergence time for the high-expansion foam shall be 5 minutes
for Class I, Class 11, or Class III commodities and 4 minutes for Class IV commodities.

16.1.5.2 In-rack sprinklers shall not be required where high-expansion foam systems are
used in combination with ceiling sprinklers.

16.1.5.3 Detectors for High-Expansion Foam Systems.

16.1.5.3.1 Detectors shall be listed and shall be installed in one of the following
configurations:

(D) At the ceiling only where installed at one-half the listed linear spacing [e.g., 15 ft x 15
ft (4.6 m x 4.6 m) rather than at 30 ft x 30 ft (9.1 m x 9.1 m)]; at the ceiling at the
listed spacing and in racks at alternate levels
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2) Where listed for rack storage installation and installed in accordance with the listing
to provide response within 1 minute after ignition using an ignition source that is
equivalent to that used in a rack storage testing program

16.1.5.3.2 Ceiling detectors alone shall not be used where the ceiling/roof clearance from
the top of the storage exceeds 10 ft (3.1 m) or the height of the storage exceeds 25 ft (7.6
m).

16.1.5.4 Detectors for preaction systems shall be installed in accordance with 16.1.5.3.
16.1.6 Solid Shelving.

16.1.6.1 Where solid shelving in single-, double-, and multiple-row racks exceeds 20 ft2
(1.86 m2) but does not exceed 64 ft2 (5.95 m?) in area, sprinklers shall not be required below
every shelf, but shall be installed at the ceiling and below shelves at intermediate levels not
more than 6 ft (2 m) apart vertically. (See Section C.11.)

16.1.6.2 Where solid shelving in single-, double-, and multiple-row racks exceeds 64 ft2
(5.95 m?) in area or where the levels of storage exceed 6 ft (2 m), sprinklers shall be installed
at the ceiling and below each level of shelving.

16.1.6.3 In-rack sprinklers shall be horizontally spaced in accordance with 16.2.4.2 and
16.3.4.2 as applicable.

16.1.6.4 Design criteria for combined ceiling and in-rack sprinklers shall be used for the
storage configurations in 16.1.6.1 and 16.1.6.2.

16.1.7 Open-Top Combustible Containers. See Section C.12.
16.1.8 In-Rack Sprinklers.

16.1.8.1 The number of sprinklers and the pipe sizing on a line of sprinklers in racks shall be
restricted only by hydraulic calculations and not by any piping schedule.

16.1.8.2 When in-rack sprinklers are necessary to protect a higher-hazard commodity that
occupies only a portion of the length of a rack, in-rack sprinklers shall be extended a
minimum of 8 ft (2.44 m) or one bay, whichever is greater, in each direction along the rack
on either side of the higher hazard. The in-rack sprinklers protecting the higher hazard need
not be extended across the aisle.

16.1.8.3 Where a storage rack, due to its length, requires less than the number of in-rack
sprinklers specified, only those in-rack sprinklers in a single rack need to be included in the
calculation.

16.1.9* Horizontal Barriers and In-Rack Sprinklers. Horizontal barriers used in
conjunction with in-rack sprinklers to impede vertical fire development shall be constructed
of sheet metal, wood, or similar material and shall extend the full length and depth of the
rack. Barriers shall be fitted within 2 in. (51 mm) horizontally around rack uprights.

16.1.10 Flue Space Requirements for Storage Up to and Including 25 ft (7.6 m). In
double-row and multiple-row racks without solid shelves, a longitudinal (back-to-back
clearance between loads) flue space shall not be required. Nominal 6 in. (152.4 mm)
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transverse flue spaces between loads and at rack uprights shall be maintained in single-row,
double-row, and multiple-row racks. Random variations in the width of flue spaces or in
their vertical alignment shall be permitted. (See Section C.13.)

16.1.11 Flue Space Requirements for Storage Over 25 ft (7.6 m).

16.1.11.1 Nominal 6 in. (152.4 mm) transverse flue spaces between loads and at rack
uprights shall be maintained in single-row, double-row, and multiple-row racks. Nominal 6
in. (152.4 mm) longitudinal flue spaces shall be provided in double-row racks. Random
variations in the width of the flue spaces or in their vertical alignment shall be permitted.

16.1.11.2 In single-row, double-row, or multiple-row racks, a minimum 6 in. (152.4 mm)
vertical clear space shall be maintained between the sprinkler deflectors and the top of a tier
of storage. Face sprinklers in such racks shall be located a minimum of 3 in. (76 mm) from
rack uprights and no more than 18 in. (460 mm) from the aisle face of storage. Longitudinal
flue in-rack sprinklers shall be located at the intersection with the transverse flue space and
with the deflector located at or below the bottom of horizontal load beams or above or
below other adjacent horizontal rack members. Such in-rack sprinklers shall be a minimum of
3 in. (76 mm) radially from the side of the rack uprights.

16.2 Protection Criteria for Rack Storage of Class I Through Class IV Commodities
Stored Up to and Including 25 ft (7.6 m) in Height.

16.2.1 Control Mode Density-Area Sprinkler Protection Criteria for Rack Storage of
Class I Through Class IV Commodities Stored Up to and Including 25 ft (7.6 m) in
Height.

16.2.1.1 The area and density for the hydraulically remote area and the water supply shall be
determined as specified in 16.2.1.2 for storage up to 12 ft (3.7 m) and 16.2.1.3 to 16.2.1.3.5
for storage over 12 ft (3.7 m).

16.2.1.2 Protection Criteria for Rack Storage of Class I Through IV Commodities
Stored Up to 12 ft (3.7 m) in Height.

16.2.1.2.1 The protection criteria for storage up to and including 12 ft (3.7 m) shall be the
same as miscellaneous storage, selected from Chapter 13. The protection criteria in Chapter
13 shall be acceptable for storage of Class I through IV commodities up to and including 12
ft (3.7 m) in height. See Table 13.2.1 for specific Class I through I'V storage height
protection criteria.

16.2.1.3 Protection Criteria for Rack Storage of Class I Through Class IV
Commodities Stored Over 12 ft (3.7 m) in Height.

16.2.1.3.1* Ceiling sprinkler water demand shall be determined in accordance with
16.2.1.3.2 for single- and double-row racks or 16.2.1.3.3 for multiple-row racks. (See
Section C.14.)

16.2.1.3.2* For single- or double-row racks for Class I, Class II, Class III, or Class IV
commodities, encapsulated or nonencapsulated in single- or double-row racks, ceiling
sprinkler water demand in terms of density [gpm/ft? (mm/min)] and area of sprinkler
operation [ft2 (m2) of ceiling or roof] shall be selected from the density—area curves of Figure
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16.2.1.3.2(a) through Figure 16.2.1.3.2(g) that are appropriate for each commodity and

configuration as shown in Table 16.2.1.3.2 and shall be modified as appropriate by
16.2.1.3.4. These requirements shall apply to portable racks arranged in the same manner as
single- or double-row racks.

Table 16.2.1.3.2 Single- or Double-Row Racks — Storage Height Over 12 ft (3.7 m) Up t

Aisles* With In-Rack Sp
Sprinklers
Commodity Mandatory
Height Class Encapsulated ft m In-Rack Figure Curves
4 1.2 CandI
No No 16.2.132(a) p——2
I 8 2.4 Aand}l
4 1.2 CandI
Y N 16.2.1.3.2 E—
= 8 2.4 ° 62.1.3.2) I d
4 1.2 CandI
N N 16.2.1.3.2 EEE—
. ° 8 2.4 ° 62.1.3.20) ™7 41
Over 12 ft 4 1.2 CandI
Y N 16.2.1.3.2 ——
(3.7 m), up to © 8 2.4 © © T Aandi
and including 4 1.2 CandI
N N 2.1.3. —
20 ft (6.1m) " © 8 24 © 16213200 ™ and1
4 1.2 CandI
Y 1 level 16.2.1.3.2 E—
© 8 24 eve 62.13.2(0 0 41
4 1.2 CandI
N N 16.2.1.3.2 E—
v ° 8 2.4 ° 621324 T 41
4 1.2 CandI
Y 1 level 16.2.1.3.2 E—
© 8 24 eve 62.13.28)
N 4 1.2 CandI
© No 16.2.132(a) p——2
I 8 2.4 Aand}l
Yes 4 1.2 CandI
1 level 16.2.1.3.2 —
8 24 eve 62.13.2) i
No 4 1.2 CandI
N 16.2.1.3.2 0
. 8 24 © 62.1.3.20) = 4
Over 20 ft Yes 4 1.2 CandI
1 level 16.2.1.3.2 —
(6.1 m), up to 8 24 eve © T Aandl
and including No 4 1.2 CandI
N 2.1.3. 0
22 fi (6.7 m) " 8 24 © 16.2.13.20) M ndt
Yes 4 1.2 CandI
1 level 16.2.1.3.2 ——
8 24 eve 62.13.2(0 0 41
No 4 1.2 CandI
N 16.2.1.3.2 —
v 8 24 © @ A and1
Yes 4 1.2 CandI
1 level 16.2.1.3.2 —
8 24 eve 32 ™ aAandl
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Table 16.2.1.3.2 Single- or Double-Row Racks — Storage Height Over 12 ft (3.7 m) Up t

Aisles* With In-Rack Sp
Sprinklers
Commodity Mandatory
Height Class Encapsulated ft m In-Rack Figure Curves
N 4 1.2 CandI
© No 162.132(a) ——"
I 8 2.4 Aand}l
Yes 4 1.2 CandI
1 level 16.2.1.3.2 —
8 2.4 e © ™ Aandi
No 4 1.2 CandI
N 16.2.1.3.2(b) ————
. 8 2.4 ° ®) X andi
Yes 4 1.2 CandI
Over 22 ft Tlevel | 162.132(e) ——m"
(6.7 m), up to 8 2.4 Aandl
and including No 4 1.2 CandI
N 16.2.1.3.2 —
25 ft (7.6 m) - 8 2.4 ° © ™ Aandi
Yes 4 1.2 CandI
1 level 16.2.1.3.2 —
8 2.4 e O A andl
No 4 1.2 CandI
16.2.1.3.2(d) ————
8 2.4 Aand}l
v 1 level
Yes 4 1.2 162.13.2(2) CandI
8 2.4 oo a8 AandI
*See 16.2.1.2.1 for interpolation of aisle widths.
Celling sprinkler densily (mm/min) Curve Legend Curve Legend
4.1 61 81 102 122 143 1832 183 A= Single- or double-row racks £ = Singla- or doubla-row racks
| with & 1t {2.44 m) aisles with 8 1 (2.44 m) aisles
AlBe DlE Fg H with high temperature and high temparalure
G000 T T 857 _ celling sprinklers and ceiling sprinklers
t::_‘ | TV 1 - ordinary temperalure F— Single- or doubla-row racks
=i it v g in-rack sprinklars with 4 ft (1,22 m} aisles
2 5000 } 1i.' A ; 465 2 B— Single- or double-row and high temperalure
i@ i 1 ] racks with @ ft {2.44 m) cailing sprinklers
g i mi 2 aigles wilh ordinary G — Single- or double-row racks
o R RATR EaLE 3 temparature cailing with 8 1t (2,44 m) aisles
§ 4000 ¢ '\ BN\ ENNN AR AR 372 3 sprinklers and ordinary and ordinary temperatura
i !u_ Y !5.}\ IEEEEE T lemperature in-rack cailing sprnklars
I i\ |V VAL 7l A sprinklars H— Single- or double-row racks
2 ao0n A - s 279 £ ©— Single- or double-row racks with 4 ft (1,22 m) aislas
2 \ 1\ L ¥ Wilh 4 1t (1.22 m) aisles and ordinary lemperatura
g \! t “\\ L 2 or muttiple-row racks with oailing sprnklers
: 2000 Il 41, 1 186 z high temperature cailing = Mulliple-row I'a'd{.s with
= - T . o sprinklers and ordinary 3_“ (244 m}_m widar
2 fmp Single point - b temperature in-rack aisles and high
o | design only T a sprinklars temparatire catling
1000 |l L a3 s, ki sprinklers
64 015 02 025 03 035 04 045 D—gingle. of doublo-rowracks ;b ipie-row racke with

Cailing sprinklar density (gpm/it®)

with 4 ft (1.22 m) alsles

or muttiple-row racks with
ordinary temparature ceiling
sprinklars and ordinary
temperatura in-rack
sprinklers

B 1t (244 m) or wider
aisles and ordinary
temparaiure cailing
sprinklers

FIGURE 16.2.1.3.2(a) Sprinkler System Design Curves — 20 ft (6.1 m) High Rack
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Storage — Class I Nonencapsulated Commodities — Conventional Pallets.

Ceiling sprinklar density (mm/min)

4.1 8.1 81 1(:,2 122 143 163 183 204
6000 A Lo b8 Lel N 587
3
c
£ 5000 1 A 465
o i
@
i LT
5 4000 \ ar2
z \
) J
:‘; 3000 1 LAY Y 579
L) \ % i
% 3 1
g 2000 LETEELNERY + 188
3 = Single point
o 0
fa] design only
1000 PLiil) g3
010 015 020 025 030 035 040 045 050

Ceiling sprnkler density {gpmﬁta:l

Dasign area of sprinkler operation (m)

Curve Legend

A= Single- or double-row racks
with & it (2.44 m) aiskes
with high temperatura
calling sprinklars and
ardinary tempearaiura
in-rack sprinklars

B— Single- or double-row racks
with & R (2 44 m) aisles
with ordinary temperature
ceiling sprinklars and
ardinary tempearatura
in-rack sprinklars

C— Single- or double-row racks
with 4 ft (1.22 m) aisles
or multipla-row racks with
high temperature cailing
sprinklers and ordinary
temperature in-rack
sprinklers

[— Single- cr double-row racks
with 4 #t (1,22 m) aisles
ar multiple-row racks
with ardinary temperature
ceiling sprinklers and
ardinary temparature
in-rack sprinkbers

Curve Legend

E — Singla- or doubla-row racks
with & 11 (2,44 m) aisles
and high temparatura
cailing sprinklers

F— Single- or double-row racks
with 8 ft (2,44 m) sislas
and ardmnary temperature
cailing sprinklers

G — Single- or double-row racks
with 4 f (1,22 m) aisles
and high temperalure
ceiling sprinklers

H — Single- or double-row racks
with 4 ft (1.22 m) aisles
and ardinary temperature
ceiling sprinklars

1 — Multipbe-row racks with
81t (2,44 m) or widar
aisles and high
temparature calling
sprinklers

J — Multiple-row racks with
81 (2.44 m) or wider
aigles and ordinary
temperature ceiling
sprinklers

FIGURE 16.2.1.3.2(b) Sprinkler System Design Curves — 20 ft (6.1 m) High Rack
Storage — Class II Nonencapsulated Commodities — Conventional Pallets.

Ceiling sprinkler density (mm/min)

8.1 81.2 2 122 143 183 183 204

B000 A BC D E IFG H 557
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H \ \
..§ 5000 —+ b 465
Fel
@
& \\
5 4000 Y - 472
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A oJ

& 3000 A X 279
o
o h
a A
& I h S
E;. 2000 WA M, 186
'ﬁ - S'mgle paint
a design only

1000 JLiill g3

045 020 025 030 035 040 045 050

Ceiling sprinkler density (gpm/i)

Design area of sprnkler eperation (m?)

Curve

Legend

A= Single- or double-row racks
with & It (2.44 m) aisles
with high temperatire
ceiling sprinklers and
ardinary temperature
in-rack sprinklers

B — Single- or double-row racks
wilh 8 It (2.44 m) asles
with ordinary temparature
cailing sprinklers and
ardinary lemperatura
in-rack sprinklers

C — Single- or doubla-row racks
with 4 ft (1.22 m) aisles
ar multiple-row racks with
high tamparature ceiling
sprinklers and ordinary
temparature in-rack
sprinklars

0 — Single- or double-row racks
with 4 It (1.22 m) aigles
or multiple-row racks with
ardinary temperature
ceiling sprinklers and
ardinary temperature
in-rack sprinklars

Curve Legend

E— Single- or double-row racks
with 8 11 (244 m) aisles
and high tampearature
cailing sprinklars

F—= Single- or double-row racks
with 811 (2.44 m) aisles
and ordinary tempearature
cailing sprinklers

{3 — Single- o double-row racks
with 4 ft (1.22 m} aisles
and high temparalure
ceiling sprinklers

H = Singla- or doubla-row racks
with 4 ft {1.22 m) aisles
and ardinary temperatura
ceiling sprinklars

{— Multiple-row racks with
81 (2.44 m) or wider
aisles and high
temperature ceiling
sprinklers

J= Multiple-row racks with
81t (2,44 m) or wider
aisles and ordinary
temperalure ceiling
sprinklers

FIGURE 16.2.1.3.2(c) Sprinkler System Design Curves — 20 ft (6.1 m) High Rack
Storage — Class III Nonencapsulated Commodities — Conventional Pallets.
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Ceiling sprinkler density (mmimin)

B2 1:::.2 122 143 163 183 2?.4 224 245
6000 A EBC !.;.' 5 FG H 557 _
) A i3
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S 5000 465 £
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£ 2000 A h h 186
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a a
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Celling sprinkler density (gpm/t2)

Mote; Curves G and D also apply to ceiling sprinklers only for multiple-row
rack storage up to and including 15 ft (4.57 m) high, and Figura 12.3.2.1.5.1
shall not be applied.

Curve Legend

A = Single- or double-row racks
with 8 it {2.44 m) aisles
with high temperature
ceiling sprinklers and
ardinary lemperature
in-rack sprinklers

E — Single- or double-row racks
with 8 1t [2.44 m) aigles
with ordinary temperature
ceiling sprinklers and
ordinary temperature
in-rack sprinklers

C = Single- or double-row racks
with 4 ft (1,22 m) aisles or
multiple-row racks with
high temparature ceiling
sprinklers and ordinary
temperature in-rack
sprinklers

' = Single- or double-row racks
wilh 4 1t (1.22 m) aksles of
multiple-row racks with
ardinary temperature
ceiling sprinklers and
ordinary temperature
irerack sprinkiers

Curve Legend

E — Single- or double-row racks
with & ft (2.44 m) aisles
and high temparature
ceiling sprinkiers

F — Single- or doubla-row racks
with 8 1 (2.44 m) aises
and ordinary temperature
ceiling sprinkiers

G = Single~ or double-row racks
withe 4 t {1.22 m) aisles
and high temperature
eailing sprinklers

H — Single- or double-row racks
with 4 ft {1.22 m) aisles
and ordinary temperatura
celfing sprinklers

FIGURE 16.2.1.3.2(d) Sprinkler System Design Curves — 20 ft (6.1 m) High Rack
Storage — Class IV Nonencapsulated Commodities — Conventional Pallets.

Cailing sprinkler density (mm/min)

8.1 82 102 122 143 183 183 204
B000-peithree 2. Ot S 557
C E
S 5000 465 £
2 \ 2
H \ HHsnge -, &
5 4000 i
E: \[desghTr =
2 3000 \ 219 &
: * SN §
£ 2000 186 ¢
& 5
: £
1000 83
015 020 025 030 035 040 045 050

Ceiling sprinkler density {gpm/it%)

Curve Legend

A— Bt (2.44 m) aislag wilh
high temperature caifing
aprinklers and ordinary
lemperatura m-rack
sprinklers

B— & ft {2.4¢ m) aisles with
ordinary termperatura ceiling
sprinklers and ordinary
lemperature in-rack
sprinklers

C=—4 fi (1.22 m} aizlas with
high temperature ceifing
sprinkiers and ardinary
lemperature in-rack
sprinklars

0 — 4 (1,22 m) @igles with
ordinary temparature celling
sprinklers and ardinary
lemperature in-rack
sprinkiers

Curve

Legend

E — 8 1t{2.44 m) aisbas wilh
figh temparature ceiling
sprinklers

F= 8 H(2.44 m) aicles with
ordinary lemparature
cailing sprinklers

G—d4 1t (1.22 m) aiskes with
high temperature cailing
sprinklers

H— 41 (1,22 m) aisles with
ordinary lempearature
cefling sprinklers

FIGURE 16.2.1.3.2(e) Single- or Double-Row Racks — 20 ft (6.1 m) High Rack
Storage — Sprinkler System Design Curves — Class I and Class II Encapsulated
Commodities — Conventional Pallets.
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Curve Legend Curve

A— 8t {2.44 m) gisles with

Ceiling sprinkler density (mm/min) Legend

6.1 g2 102 122 143 163 183 204 =4 ft (1.22 m) aistes with

| high temperature ceiling high temperatura ceiling
5000 A B|IC D 557 sprinklers and ardinary sprinklers and ordinary
- 1 A - h lemperature in-rack femperature in-rack
% \ %, sprinklars sprinklars
c c B— 8 fl{2.44 m) aisles wath D=4t {1.22 m) alsles with
% 5000 L] 485 % ordinary temperature ardinary lemperature
@ A cailing sprinkiers and ceiling sponkiers and
§- At §- ardinary temparaturs ardinary lemperature
5 4000 e g in-rack sprinklers in-rack sprinklers
& A £
= =
E- 3000 279 E‘
[ =
g g
Lo} ,| " L)
& 2000 186 &
b B,
8 8
1000 93
015 020 025 030 035 040 045 050

Ceiling sprinkler density (gpm/it?)

FIGURE 16.2.1.3.2(f) Single- or Double-Row Racks — 20 ft (6.1 m) High Rack
Storage — Sprinkler System Design Curves — Class III Encapsulated Commodities —
Conventional Pallets.

Ceiing sprinkler density (mmimin) Curve Legend Curve Legend
102 122 143 1683 183 204 224 245 A—31ft (244 m) aisles with C—4 ft (1.22 m) aislas with
| high temperature ceiling hagh temparature ceiling

§000 A B|C o 557 sprinklers and ordinary sprinklers and ordinary
- T - lemperature in-rack temperature in-rack
i A rE aprinklers sprinklers
£ \ g B— 8t {2.44 m) aisles with D=4 ft{1.22 m) aisles wilh
£ 5000 it 485 2 ordinary temperature ordinary temperature
g g cefling sprinklers and ceiling sprinklers and
2 o ardinary femperature ordinary temparature
% 4000 . 2k in-rack sprinklars insrack sprinklers
‘E =
& \ ]
o a
2 3000 2792
a &
g A Y 3
€ 2000 N 196 3
8 a

1000 93

025 030 035 040 045 050 055 080

Ceiling sprinkler density :gpmfﬂa]
FIGURE 16.2.1.3.2(g) Single- or Double-Row Racks — 20 ft (6.1 m) High Rack
Storage — Sprinkler System Design Curves — Class IV Encapsulated Commodities —
Conventional Pallets.

16.2.1.3.2.1* Design densities for single- and double-row racks shall be selected to
correspond to aisle width. For aisle widths between 4 ft (1.2 m) and 8 ft (2.4 m), a direct
linear interpolation between densities shall be made. The density given for 8 ft (2.4 m) wide
aisles shall be applied to aisles wider than 8 ft (2.4 m). The density given for 4 ft (1.2 m)
wide aisles shall be applied to aisles narrower than 4 ft (1.2 m) down to 3% ft (1.07 m).
Where aisles are narrower than 3% ft (1.07 m), racks shall be considered to be multiple-row
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racks. (See Section C.15.)

16.2.1.3.3 Multiple-Row Racks — Storage Height Over 12 ft (3.7 m) Up to and
Including 25 ft (7.6 m) Without Solid Shelves.

16.2.1.3.3.1 Multiple-Row Racks — Rack Depth Up to and Including 16 ft (4.9 m) with
Aisles 8 ft (2.4 m) or Wider. For Class I, Class II, Class III, or Class IV commodities,
encapsulated or nonencapsulated, ceiling sprinkler water demand in terms of density [gpm/t?
(mm/min)] and area of sprinkler operation [ft? (m2) of ceiling or roof] shall be selected from
the density—area curves of Figure 16.2.1.3.2(a) through Figure 16.2.1.3.2(g) that are
appropriate for each commodity and configuration as shown in Table 16.2.1.3.3.1 and shall
be modified as appropriate by 16.2.1.3.4. The protection criteria shall apply to portable racks
arranged in the same manner as single- or double-row racks.

Table 16.2.1.3.3.1 Multiple-Row Racks — Rack Depth Up to and Including 16 ft (4.9 m)
12 ft (3.7 m) Up to 25 ft (7.6 m)
Ceiling Spr
With In-Rack Sprinklers
Sprinklers Apply
Commodity Encap- Mandatory Figure
Height Class sulated In-Racks Figure Curves | 16.2.1.34.1 | 1.25xD
I No 16.2.1.3.2(a) No
Yes No 16.2.1.3.2(a) Ye:
Over 12 ft I No 16.2.1.3.2(b) No
(3.7 m), up to Yes 16.2.1.3.2(b) | Cand D YVes Ye:
and including No No 16.2.1.3.2(c) No
15 ft (4.6 m) i Yes 1 level 16.2.1.3.2(c) Ye
v No No 16.2.1.3.2(d) No
Yes 1 level 16.2.1.3.2(d) | Aand B 1.50 x d
I No 16.2.1.3.2(a) No
Yes No 16.2.1.3.2(a) Ye:
Over 15 ft " No 16.2.1.3.2(b) No
(4.6 m), up to Yes 16.2.1.3.2(b) | Cand D Ves Ye:
and including No No 16.2.1.3.2(c) No
20 ft (6.1 m) i Yes 1 level 16.2.1.3.2(c) Ye
No 16.2.1.3.2(d) No
v Yes Hevel 1 62132) | AndB 1.50 x d
No No 16.2.1.3.2(a) No
! Yes 1 level 16.2.1.3.2(a) Yes
Over 20 ft I No 16.2.1.3.2(b) No
(6.1 m), up to Yes 16.2.1.3.2(b) | Cand D Ye:
. . 1 level No
and including No 16.2.1.3.2(c) No
25 ft (7.6 m) I Yos 16.2.1.3.2(c) Ye
No 16.2.1.3.2(d) No
v Yes 2levels 15 132(d) | AandB 1.50 x d

NA: Not applicable.
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16.2.1.3.3.2 Multiple-Row Racks — Rack Depth Over 16 ft (4.9 m) or Aisles Narrower
Than 8 ft (2.4 m). For Class I, Class II, Class III, or Class IV commodities, encapsulated or
nonencapsulated, ceiling sprinkler water demand in terms of density [gpm/ft? (mm/min)] and
area of sprinkler operation [fi2 (m?) of ceiling or roof] shall be selected from the density—area
curves of Figure 16.2.1.3.2(a) through Figure 16.2.1.3.2(g) that are appropriate for each
commodity and configuration as shown in Table 16.2.1.3.3.2 and shall be modified as
appropriate by 16.2.1.3.4. The protection criteria shall apply to portable racks arranged in
the same manner as single-, double-, or multiple-row racks.

Table 16.2.1.3.3.2 Multiple-Row Racks — Rack Depth Over 16 ft (4.9 m) or Aisles Narr

(3.7 m) Up to and Including 25 ft (7.6 n

Ceiling Sp

With In-Rack Sprinklers
Sprinklers Apply

Commodity Encap- Mandatory Figure 1.

Height Class sulated In-Racks Figure Curves |16.2.1.3.4.1| De

I No 16.2.1.3.2(a) 1

Yes 16.2.1.3.2(a) 3

Over 12 £1.(3.9 I No No 16.2.1.3.2(b) )

ver 121t 3. Yes 16.2.1.3.2(b) 3

m), up to and —

. . No 16.2.1.3.2(c) | CandD Yes 1
including 15 ft I

(4.6 m) Yes 1 level 16.2.1.3.2(c) )

No No 16.2.1.3.2(d) 1

v 1.

Yes 1 level 16.2.1.3.2(d) der

I No 16.2.1.3.2(a) 1

Yes 16.2.1.3.2(a) 3

Over 15 ft (4.6 n No 16.2.1.3.2(b) 1

ver 15 1t (4. Yes 16.2.1.3.2(b) 3

m), up to and 1 level 4D v I

including 20 ft I No cve 162132(0) Can €s —I

(6.1 m) Yes 16.2.1.3.2(c) )

No 16.2.1.3.2(d) 1

v :

Yes 16.2.1.3.2(d) 1.

der

| No 16.2.1.3.2(a) )

Yes 16.2.1.3.2(a) 3

No 16.2.1.3.2(b) 1

. I 1 level I

Over 20t (6.1 Yes 16.2.1.3.2(b) 3

m), up to and CandD No —

including 25 ft I No 16.2.1.3.2(c) 1

(7.6 m) Yes 16.2.1.3.2(c) )

No 16.2.1.3.2(d) 1

v 2 level :

Yes V| 162.13.2d) O

16.2.1.3.4 Ceiling Sprinkler Density Adjustments.
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16.2.1.3.4.1 For storage height over 12 ft (3.7 m) up to and including 25 ft (7.6 m)
protected with ceiling sprinklers only and for storage height over 12 ft (3.7 m) up to and
including 20 ft (6.1 m) protected with ceiling sprinklers and minimum required in-rack

sprinklers, densities obtained from design curves shall be adjusted in accordance with Figure
16.2.1.3.4.1.

Height of storage (m)

366
Ui} runun umun smunnmunny snunusnanull
X
] /
1504 ! .
! ! IE
/
'E‘ 125 f
3 /
5 100
::E; - }f... :
§ ?5 " B . __.I._ - .:. i . |
; s - ! - ?l -
g &}u-..-.ua. b o e o : 1 L
5 so : !
251 ,
I : 1 1] I
o | H 1 | i | | |
0 1012 15 20 25 30 35
Height of storage (ft)
FIGURE 16.2.1.3.4.1 Ceiling Sprinkler Density vs. Storage Height.
16.2.1.3.4.2 For storage height over 20 ft (6.1 m) up to and including 25 ft (7.6 m)

protected with ceiling sprinklers and minimum required in-rack sprinklers, densities obtained
from design curves shall be used. Densities shall not be adjusted in accordance with Figure
16.2.1.3.4.1.

16.2.1.3.4.3 For storage height over 12 ft (3.7 m) up to and including 20 ft (6.1 m)
protected with ceiling sprinklers and with more than one level of in-rack sprinklers, but not
in every tier, densities obtained from design curves and adjusted in accordance with Figure
16.2.1.3.4.1 shall be permitted to be reduced an additional 20 percent, as indicated in Table
16.2.1.3.4.3.

Table 16.2.1.3.4.3 Adjustment to Ceiling Sprinkler Density for Storage
Ap
16..
Sto:
Storage Height In-Rack Sprinklers A
Over 12 ft (3.7 m) through 25 ft (7.6 m) None
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Table 16.2.1.3.4.3 Adjustment to Ceiling Sprinkler Density for Storage

Ap
16..
Sto
Storage Height In-Rack Sprinklers A

Minimum required

More than minimum, but not in every tier
Over 12 ft (3.7 m) through 20 ft (6.1 m)

In every tier

Minimum required

More than minimum, but not in every tier
Over 20 ft (6.1 m) through 24 ft (7.5 m)

In every tier

16.2.1.3.4.4 For storage height over 20 ft (6.1 m) up to and including 25 ft (7.6 m)
protected with ceiling sprinklers and with more than the minimum required level of in-rack
sprinklers, but not in every tier, densities obtained from design curves shall be permitted to
be reduced 20 percent as indicated in Table 16.2.1.3.4.3. Densities shall not be adjusted in
accordance with Figure 16.2.1.3.4.1 for storage height.

16.2.1.3.4.5 For storage height over 12 ft (3.7 m) up to and including 20 ft (6.1 m)
protected with ceiling sprinklers and in-rack sprinklers at each tier, densities obtained from
design curves and adjusted in accordance with Figure 16.2.1.3.4.1 shall be permitted to be
reduced an additional 40 percent, as indicated in Table 16.2.1.3.4.3.

16.2.1.3.4.6 For storage height over 20 ft (6.1 m) up to and including 25 ft (7.6 m)
protected with ceiling sprinklers and in-rack sprinklers at each tier, densities obtained from
design curves shall be permitted to be reduced 40 percent, as indicated in Table 16.2.1.3.4.3.
Densities shall not be adjusted in accordance with Figure 16.2.1.3.4.1 for storage height.

16.2.1.3.4.7 Where solid, flat-bottom, combustible pallets (slave pallets) are used with
storage height up to and including 25 ft (7.6 m), the densities that are indicated in the design
curves shown in Figure 16.2.1.3.2(a) through Figure 16.2.1.3.2(g), based on conventional
pallets, shall be increased 20 percent for the given area. The percentage shall be applied to
the density determined in accordance with Figure 16.2.1.3.4.1. The increase in density shall
not apply where in-rack sprinklers are installed in accordance with Table 16.2.1.3.4.3.

16.2.1.3.5* The minimum water supply requirements for a hydraulically designed occupancy
hazard fire control sprinkler system shall be determined by adding the hose stream allowance
from Table 16.2.1.3.5 to the water supply for sprinklers determined in 16.2.1.3. This supply
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pallets, shall be increased 20 percent for the given area. The percentage shall be applied to
the density determined in accordance with Figure 16.2.1.3.4.1. The increase in density shall
not apply where in-rack sprinklers are installed in accordance with Table 16.2.1.3.4.3.

16.2.1.3.5* The minimum water supply requirements for a hydraulically designed occupancy
hazard fire control sprinkler system shall be determined by adding the hose stream allowance
from Table 16.2.1.3.5 to the water supply for sprinklers determined in 16.2.1.3. This supply
shall be available for the minimum duration specified in Table 16.2.1.3.5. (See Section C.8.)

Table 16.2.1.3.5 Hose Stream Allowance and Water Supply Duration Requirements for
Class IV Commodities Stored Up to and Including 25 ft (7.6 m) i

Total

Storage Height Inside Hose
Commodity Classification ft m gpm L/min g
Class I, II, and III Over 12 Over 3.7 0, 50, or 100 0, 190, 380 5
Class IV Over 12 Over 3.7 0, 50, or 100 0, 190, 380 5
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16.2.2 Large Drop Sprinklers and Specific Application Control Mode Sprinklers for

Rack Storage of Class I Through Class IV Commodities Stored Up to and Including 25

ft (7.6 m) in Height.

16.2.2.1 Protection of single-, double-, and multiple-row rack storage without solid shelves
for Class I through Class IV commodities shall be in accordance with Table 16.2.2.1(a) or

Table 16.2.2.1(b).

Table 16.2.2.1(a) Large Drop Sprinkler Design Criteria for Single-, Double-, and Mult
Through Class IV Commodities Stored Up to and Including

Maximum Storage Maximum S)
Height Ceiling/Roof Height
Commodity Type of
Class Nominal K-Factor ft m ft m System
11.2 Wet
I, 11 25 7.6 30 9.1
’ (161) Dry
11.2 Wet
I IL, I 20 6.1 30 9.1
” (1el) Dry
Wet 1
11.2
I 1L, 1T 25 7.6 35 10.7
T (161) Dry 2
11.2 Wet
I 20 6.1 25 7.6
v (161) Dry
11.2 Wet
I 20 6.1 30 9.1
v (161) Dry
11.2 Wet
I 20 6.1 30 9.1
v (161) Dry
Wet 1
11.2 :
. 1
v (161) 25 7.6 30 9
Dry
Wet 2
11.2 :
. 10.
v (161) 25 7.6 35 0.7
Dry
Wet 1
11.2 :
. 10.
v (161) 25 7.6 35 0.7
Dry

NA: Not applicable.
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Table 16.2.2.1(b) Specific Application Control Mode [16.8 K-factor (242)] Sprinkler Des
Racks Without Solid Shelves of Class I Through Class IV Commodities Stored 1

Number of I

Maximum Storage Maximum Building by Minim

Height Height P1

Commodity Class ft m ft m Type of System | 10 psi 0.7 ba
TorlI 25 7.6 30 9.1 Wet 15
III or IV 25 7.6 30 9.1 Wet —

16.2.2.2 Where in-rack sprinklers are required by Table 16.2.2.1(a) and Table 16.2.2.1(b),
in-rack sprinkler spacing, design pressure, and hydraulic calculation criteria shall be in
accordance with the requirements of 16.2.4 as applicable for the commodity.

16.2.2.3 Protection shall be provided as specified in Table 16.2.2.1(a) and Table 16.2.2.1(b)
or appropriate NFPA standards in terms of minimum operating pressure and the number of
sprinklers to be included in the design area.

16.2.2.4 Open Wood Joist Construction.

16.2.2.4.1 Where large drop K-11.2 sprinklers are installed under open wood joist
construction, their minimum operating pressure shall be 50 psi (3.4 bar).

16.2.2.4.2 Where each joist channel of open, wood joist construction is fully firestopped to
its full depth at intervals not exceeding 20 ft (6.1 m), the lower pressures specified in Table
16.2.2.1(a) shall be permitted to be used.

16.2.2.5 The design area shall be a rectangular area having a dimension parallel to the
branch lines at least 1.2 times the square root of the area protected by the number of
sprinklers to be included in the design area. Any fractional sprinkler shall be included in the
design area.

16.2.2.6 Hose stream allowance and water supply duration requirements shall be in
accordance with Table 16.2.2.1(a) and Table 16.2.2.1(b).

16.2.2.7 Preaction Systems.

16.2.2.7.1 For the purpose of using Table 16.2.2.1(a) and Table 16.2.2.1(b), preaction
systems shall be classified as dry pipe systems.
L]
16.2.2.8 Building steel shall not require special protection where Table 16.2.2.1(a) or Table
16.2.2.1(b) is applied as appropriate for the storage configuration.

16.2.3* Early Suppression Fast-Response (ESFR) Sprinklers for Rack Storage of Class
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I Through Class IV Commodities Stored Up to and Including 25 ft (7.6 m) in Height.

16.2.3.1 Protection of single-, double-, and multiple-row rack storage of Class I through

Class IV shall be in accordance with Table 16.2.3.1.

Table 16.2.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Class I Thr«
Including 25 ft (7.6 m) in Height

Storage
Arrangement

Commodity

Maximum Maximum
Storage Ceiling/ Roof
Height Height
ft m ft m

Nominal
K-Factor

Orientation

Minim
Operat
Pressu

psi
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Table 16.2.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Class I Thr«
Including 25 ft (7.6 m) in Height

Maximum Maximum Minim
Storage Ceiling/ Roof Operat
Height Height Pressu
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation psi
14.0 Upright or 50
(201) pendent
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Table 16.2.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Class I Thr«
Including 25 ft (7.6 m) in Height

Maximum Maximum Minim
Storage Ceiling/ Roof Operat
Height Height Pressu
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation psi
16.8 Upright/ 35
25 76 (242) Pendent
22.4 Pendent 25
(322)
25.2 Pendent 15
(363)
14.0 Upright or 50
(201) pendent
16.8 Upright/ 35
242 Pendent
30 9.1 ('7'7 /I) Dandant g
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Table 16.2.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Class I Thr«
Including 25 ft (7.6 m) in Height

Maximum Maximum Minim
Storage Ceiling/ Roof Operat
Height Height Pressu
Storage Nominal
Arrangement Commodity ft m ft m K-Facltor Ot:ieerl\t‘altAi‘on psi
(322)
25.2 Pendent 15
(363)
14.0 Upright or 75
(201) pendent
16.8 Upright/ 52
(242) Pendent
20 ol 35 10.7 224 Pendent 35
(322)
25.2 Pendent 20
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Table 16.2.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Class I Thr«
Including 25 ft (7.6 m) in Height

Maximum Maximum Minim
Storage Ceiling/ Roof Operat
Height Height Pressu
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation psi
(363)
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Table 16.2.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Class I Thr«
Including 25 ft (7.6 m) in Height

Maximum Maximum Minim
Storage Ceiling/ Roof Operat
Height Height Pressu
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation psi
14.0 Pendent 75
(201)
16.8 Pendent 52
(242)
40 12.2
22.4 Pendent 40
(322)
25.2 Pendent 25
(363)
14.0 Pendent 90
(201)
16.8 Pendent 63
Singl 45 13.7 (242)
MEICTOWs | Class I, IL, 1L, or ' 224 Pendent 40
double-row, and
. IV, encapsulated (322)
multiple-row rack
or 25.2 Pendent 40
(no open-top
. unencapsulated (363)
containers)
14.0 Upright or 50
(201) pendent
16.8 Upright/ 35
(242) Pendent
30 9.1
22.4 Pendent 25
(322)
25.2 Pendent 15
(363)
14.0 Upright or 60
201 t
32 |98 (201) penden
16.8 Upright/ 42
(242) Pendent
14.0 Upright or 75
(201) pendent
16.8 Upright/ 52
(242) Pendent
35 10.7
22.4 Pendent 35
(32N
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Table 16.2.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Class I Thr«
Including 25 ft (7.6 m) in Height

Maximum Maximum Minim
Storage Ceiling/ Roof Operat
Height Height Pressu

Storage Nominal

Arrangement Commodity ft m ft m K-Factor Orientation psi
= |70 252 Pendent 20

(363)
14.0 Pendent 75

(201)
16.8 Pendent 52

(242)

40 12.2

22.4 Pendent 40

(322)
25.2 Pendent 25

(363)
14.0 Pendent 90

(201)
16.8 Pendent 63

45 13.7 (242)
' 22.4 Pendent 40

(322)
25.2 Pendent 40

(363)

16.2.3.2 ESFR protection as defined shall not apply to the following:

(1) Rack storage involving solid shelves

(2) Rack storage involving combustible, open-top cartons or containers

16.2.3.3 ESFR sprinkler systems shall be designed such that the minimum operating

pressure is not less than that indicated in Table 16.2.3.1 for type of storage, commodity,
storage height, and building height involved.

16.2.3.4 The design area shall consist of the most hydraulically demanding area of 12
sprinklers, consisting of four sprinklers on each of three branch lines.

16.2.3.5 Where ESFR sprinklers are installed above and below obstructions, the discharge
for up to two sprinklers for one of the levels shall be included with those of the other level in

the hydraulic calculations.

16.2.4 In-Rack Sprinklers for Rack Storage of Class I Through Class IV Commodities
Stored Up to and Including 25 ft (7.6 m) in Height.
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16.2.4.1 In-Rack Sprinkler Location for Rack Storage of Class I Through Class IV
Commodities Stored Up to and Including 25 ft (7.6 m) in Height.

16.2.4.1.1 In single- or double-row racks without solid shelves, in-rack sprinklers shall be
installed in accordance with Table 16.2.1.3.2.

16.2.4.1.2 In multiple-row racks no deeper than 16 ft (4.9 m) with aisles 8 ft (2.4 m) or
wider, in-rack sprinklers shall be installed in accordance with Table 16.2.1.3.3.1.

16.2.4.1.3 In multiple-row racks deeper than 16 ft (4.9 m) or with aisles less than 8 ft (2.4
m) wide, in-rack sprinklers shall be installed in accordance with Table 16.2.1.3.3.2.

16.2.4.1.4 In-rack sprinklers at one level only for storage up to and including 25 ft (7.6 m)
high shall be located at the first tier level at or above one-half of the storage height.

16.2.4.1.5 In-rack sprinklers at two levels only for storage up to and including 25 ft (7.6 m)
high shall be located at the first tier level at or above one-third and two-thirds of the storage
height.

16.2.4.2 In-Rack Sprinkler Spacing for Rack Storage of Class I Through Class IV
Commodities Stored Up to and Including 25 ft (7.6 m) in Height.

16.2.4.2.1* Maximum horizontal spacing of in-rack sprinklers in single- or double-row racks
with nonencapsulated storage up to and including 25 ft (7.6 m) in height shall be in
accordance with Table 16.2.4.2.1. For encapsulated storage, maximum horizontal spacing
shall be 8 ft (2.4 m).

Table 16.2.4.2.1 In-Rack Sprinkler Spacing for Class I, II, III, and IV Commodities Stor
25 ft (7.6 m) in Height

Commodity Class
Aisle Widths Iand IT 11} v
ft m ft m ft m ft
8 2.4 12 3.7 12 3.7 8
4 1.2 12 3.7 8 2.4 8

16.2.4.2.2* Maximum horizontal spacing of in-rack sprinklers on branch lines, in
multiple-row racks with encapsulated or nonencapsulated storage up to and including 25 ft
(7.6 m) in height, shall not exceed 12 ft (3.7 m) for Class I, II, or III commodities and 8 ft
(2.4 m) for Class IV commodities, with area limitations of 100 ft2 (9.3 m2) per sprinkler for
Class I, 11, or III commodities and 80 ft2 (7.4 m?) per sprinkler for Class IV commodities.
The rack plan view shall be considered in determining the area covered by each sprinkler.
The aisles shall not be included in area calculations.

16.2.4.2.3* The elevation of in-rack sprinkler deflectors with respect to storage shall not be
a consideration in single- or double-row rack storage up to and including 20 ft (6.1 m) high.
(See Section C.16.)

16.2.4.2.4* In single- or double-row racks without solid shelves with storage over 20 ft (6.1
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m) high, or in multiple-row racks, or in single- or double-row racks with solid shelves and
storage height up to and including 25 ft (7.6 m), a minimum of 6 in. (152.4 mm) vertical
clear space shall be maintained between the in-rack sprinkler deflectors and the top of a tier
of storage. Sprinkler discharge shall not be obstructed by horizontal rack members.

16.2.4.2.5 For multiple-row racks, a minimum of 6 in. (152.4 mm) shall be maintained
between the in-rack sprinkler deflector and the top of a tier of storage.

16.2.4.2.6 Sprinklers installed in racks shall be spaced without regard to rack uprights. (See
Section C.17.)

16.2.4.3 In-Rack Sprinkler Water Demand for Rack Storage of Class I Through Class
IV Commodities Stored Up to and Including 25 ft (7.6 m) in Height. (See Section C.18.)

16.2.4.3.1 The water demand for sprinklers installed in racks shall be based on simultaneous
operation of the most hydraulically remote sprinklers as follows:

(1) Six sprinklers where only one level is installed in racks with Class I, Class II, or Class
IIT commodities

(2)  Eight sprinklers where only one level is installed in racks with Class IV commodities

3) Ten sprinklers (five on each two top levels) where more than one level is installed in
racks with Class I, Class II, or Class III commodities

4) Fourteen sprinklers (seven on each two top levels) where more than one level is
installed in racks with Class IV commodities

16.2.4.3.2 Where a storage rack, due to its length, requires less than the number of in-rack
sprinklers specified in 16.2.4.3.1(1) through 16.2.4.3.1(4), only those in-rack sprinklers in a
single rack need to be included in the calculation.

16.2.4.4 In-Rack Sprinkler Discharge Pressure for Rack Storage of Class I Through
Class IV Commodities Stored Up to and Including 25 ft (7.6 m) in Height. Sprinklers in
racks shall discharge at not less than 15 psi (1 bar) for all classes of commodities. (See
Section C.19.)

16.2.5 Special Design for Rack Storage of Class I Through Class IV Commodities
Stored Up to and Including 25 ft (7.6 m) in Height.

16.2.5.1 Slatted Shelves.

16.2.5.1.1* Slatted rack shelves shall be considered equivalent to solid rack shelves where
the shelving is not considered open rack shelving or where the requirements of 16.2.5.1.2 are
not met. (See Section C.20.)

16.2.5.1.2 A wet pipe system that is designed to provide a minimum of 0.6 gpm/ft? (24.5
mm/min) density over a minimum area of 2000 fi2 (186 m2) or K-14.0 (201) ESFR sprinklers
operating at a minimum of 50 psi (3.5 bar), K-16.8 (242) sprinklers operating at a minimum
of 32 psi (1.7 bar), or K-25.2 (363) ESFR sprinklers operating at a minimum of 15 psi (1
bar) shall be permitted to protect single-row and double-row racks with slatted rack shelving
racks where all of the following conditions are met:
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(D) Sprinklers shall be K-11.2 (161), K-14.0 (201), or K-16.8 (242) orifice spray
sprinklers with a temperature rating of ordinary, intermediate, or high and shall be
listed for storage occupancies or shall be K-14.0 (201), K-16.8 (242), or K-25.2
(363) ESFR.

(2) The protected commodities shall be limited to Class I-IV, Group B plastics, Group C
plastics, cartoned (expanded and unexpanded) Group A plastics, and exposed
(unexpanded) Group A plastics.

3) Slats in slatted rack shelving shall be a minimum nominal 2 in. (38 mm) thick by
maximum nominal 6 in. (140 mm) wide with the slats held in place by spacers that
maintain a minimum 2 in. (51 mm) opening between each slat.

4) Where K-11.2 (161), K-14.0 (201), or K-16.8 (242) orifice sprinklers are used, there
shall be no slatted shelf levels in the rack above 12 ft (3.7 m). Open rack shelving
using wire mesh shall be permitted for shelf levels above 12 ft (3.7 m).

®)) Transverse flue spaces at least 3 in. (76 mm) wide shall be provided at least every 10
ft (3.1 m) horizontally.

(6) Longitudinal flue spaces at least 6 in. (152 mm) wide shall be provided for
double-row racks. Longitudinal flue spaces shall not be required where ESFR
sprinklers are used.

(7) The aisle widths shall be at least 772 ft (2.5 m).

(8) The maximum roof height shall be 27 ft (8.2 m) or 30 ft where ESFR sprinklers are
used.

) The maximum storage height shall be 20 ft (6.1 m).

(10)  Solid plywood or similar materials shall not be placed on the slatted shelves so that
they block the 2 in. (51 mm) spaces between slats, nor shall they be placed on the
wire mesh shelves.

16.3 Protection Criteria for Rack Storage of Class I Through Class IV Commodities
Stored Over 25 ft (7.6 m) in Height.

16.3.1 Control Mode Density—Area Sprinkler Protection Criteria for Rack Storage of
Class I Through Class IV Commodities Stored Over 25 ft (7.6 m) in Height.

16.3.1.1*% For single- and double-row racks, the water demand for nonencapsulated storage
without solid shelves separated by aisles at least 4 ft (1.2 m) wide and with not more than 10
ft (3.1 m) between the top of storage and the sprinklers shall be based on sprinklers in a 2000
ft2 (186 m?) operating area, discharging a minimum of 0.25 gpm/ft2 (10.2 mm/min) for Class
I commodities, 0.3 gpm/ft2 (12.2 mm/min) for Classes II and III commodities, and 0.35
gpm/ft2 (14.3 mm/min) for Class IV commodities for ordinary temperature—rated sprinklers
or a minimum of 0.35 gpm/ft? (14.3 mm/min) for Class I commodities, 0.4 gpm/ft2 (16.3
mm/min) for Classes II and III commodities, and 0.45 gpm/ft2 (18.3 mm/min) for Class IV

Copyright NFPA



Stored Over 25 ft (7.6 m) in Height.

16.3.1 Control Mode Density—Area Sprinkler Protection Criteria for Rack Storage of
Class I Through Class IV Commodities Stored Over 25 ft (7.6 m) in Height.

16.3.1.1* For single- and double-row racks, the water demand for nonencapsulated storage
without solid shelves separated by aisles at least 4 ft (1.2 m) wide and with not more than 10
ft (3.1 m) between the top of storage and the sprinklers shall be based on sprinklers in a 2000
ft2 (186 m?) operating area, discharging a minimum of 0.25 gpm/ft2 (10.2 mm/min) for Class
I commodities, 0.3 gpm/ft? (12.2 mm/min) for Classes II and III commodities, and 0.35
gpm/ft2 (14.3 mm/min) for Class IV commodities for ordinary temperature—rated sprinklers
or a minimum of 0.35 gpm/ft2 (14.3 mm/min) for Class I commodities, 0.4 gpm/ft2 (16.3
mm/min) for Classes II and III commodities, and 0.45 gpm/ft2 (18.3 mm/min) for Class IV
commodities for high temperature—rated sprinklers. (See Table 16.3.1.1 and Section C.23.)

Table 16.3.1.1 Double-Row Racks Without Solid Shelves, of Class I Through Class IV (
Aisles 4 ft (1.2 m) or Wider

In-Rack Sprinklers Approximate Vertical
Spacing at Tier Nearest the Vertical
Distance and Maximum Horizontal

Spacingab:¢ 0]
Maximum
Commodity Storage
Class Longitudinal Flued Face®f Figure Height Stagger
Vertical 20 ft (6.1 m) None 16.3.4.1.1(a) 30 ft (9.1 m) |No

Horizontal 10 ft (3.1 m) under
horizontal barriers

I Vertical 20 ft (6.1 m) Vertical 20 ft | 16.3.4.1.1(b) Yes 2
Horizontal 10 ft (3.1 m) (6.1 m) Higher than
Horizontal 10 25 ft (7.6 m)
ft 3.1 m)
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Table 16.3.1.1 Double-Row Racks Without Solid Shelves, of Class I Through Class IV (
Aisles 4 ft (1.2 m) or Wider

In-Rack Sprinklers Approximate Vertical
Spacing at Tier Nearest the Vertical
Distance and Maximum Horizontal

Spacingab:¢ 0]
Maximum
Commodity Storage
Class Longitudinal Flued Face®f Figure Height Stagger
ft (1.5 m)
Horizontal barriers at 20 ft 16.3.4.1.1(g) Yes
(6.1 m)
Vertical intervals — two lines
of sprinklers under barriers —
maximum horizontal spacing
10 ft (3.1 m), staggered
Vertical 15 ft (4.6 m) Vertical 20 ft | 16.3.4.1.1(h) Yes
Horizontal 10 ft (3.1 m) (6.1 m)
Horizontal 10
ft 3.1 m)
Vertical 20 ft (6.1 m) Vertical 20 ft | 16.3.4.1.1(i) No
Horizontal 5 ft (1.5 m) (6.1 m)
Horizontal 5 Higher than
LILILIv ft (1.5 m) 25 ft (7.6 m) 201
Horizontal barriers at 15 ft 16.3.4.1.1(j) Yes

(4.6 m)

Vertical intervals — two lines
of sprinklers under barriers —
maximum horizontal spacing
10 ft (3.1 m), staggered

aMinimum in-rack sprinkler discharge, 30 gpm (114 L/min).

bWater shields required.
¢All in-rack sprinkler spacing dimensions start from the floor.
dInstall sprinklers at least 3 in. (76.2 mm) from uprights.
¢Face sprinklers shall not be required for a Class I commodity consisting of noncombustible products on wood
shown in Figure 16.3.4.1.1(g)and Figure 16.3.4.1.1(j).
fIn Figure 16.3.4.1.1(a) through Figure 16.3.4.1.1(j), each square represents a storage cube that measures 4 ft 1
vary from approximately 18 in. to 10 ft (0.46 m to 3.1 m). Therefore, there can be one load to six or seven loac
apart vertically.

gFor encapsulated commodity, increase density 25 percent.

hClearance is distance between top of storage and ceiling.
iSee A.16.1.9 for protection recommendations where clearance is greater than 10 ft (3.1 m).

16.3.1.1.1 Where storage as described in 16.3.1.1 is encapsulated, ceiling sprinkler density
shall be 25 percent greater than for nonencapsulated storage.

16.3.1.2 For multiple-row racks, the water demand for nonencapsulated storage without
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solid shelves separated by aisles at least 4 ft (1.2 m) wide and with not more than 10 ft (3.1
m) between the top of storage and the sprinklers shall be based on sprinklers in a 2000 fi2

(186 m2) operating area for multiple-row racks, discharging a minimum of 0.25 gpm/ft2 (10.2

mm/min) for Class I commodities, 0.3 gpm/ft2 (12.2 mm/min) for Classes II and 111

commodities, and 0.35 gpm/fi2 (14.3 mm/min) for Class IV commodities for ordinary
temperature—rated sprinklers or a minimum of 0.35 gpm/ft2 (14.3 mm/min) for Class |
commodities, 0.4 gpm/fi2 (16.3 mm/min) for Classes II and III commodities, and 0.45

gpm/ft2 (18.3 mm/min) for Class IV commodities for high temperature—rated sprinklers. (See

Table 16.3.1.2.)

Table 16.3.1.2 Multiple-Row Racks, of Class I Through Class IV Comm:

In-Rack Sprinklersbs

Maximum S
Approxi | Maximum | Horizontal T
mate Horizontal | Spacing
Vertical | Spacing in across
Spacing A Flue Flue
Height
Commodity Limit
Class Encapsulated | ft m | ft m ft m (ft) Stagger Figure
I No 16.3.4.1.3(a)
20 |6.1 | 12 | 3.7 ( 10 | 3.1
Yes Bet
etween
I, 11, and III N . 16.3.4.1.
oAl ° 15 [46] 10 | 30| 10 | 3.1 | None |adjacent | '&3413®
Yes fl
L, 11, 111, and No e 16.3.4.1.3(c)
o 10 |3.1| 10 | 3.1 | 10 | 3.1 T
v Yes

For SI units, °C = # (°F-32); 1 gpm/fi? = 40.746 mm/min.

aAll four rack faces shall be protected by sprinklers located within 18 in. (0.46 m) of the faces, as indicated in
required for each sprinkler level to protect all faces.

bAll in-rack sprinkler spacing dimensions start from the floor.

In Figure 16.3.4.1.3(a) through Figure 16.3.4.1.3(c), each square represents a storage cube measuring 4 ft to !
approximately 18 in. to 10 ft (0.46 m to 3.1 m). Therefore, there could be as few as one load or as many as six
apart vertically.

16.3.1.2.1 Where such storage is encapsulated, ceiling sprinkler density shall be 25 percent
greater than for nonencapsulated storage.

16.3.1.3 The minimum water supply requirements for a hydraulically designed occupancy
hazard fire control sprinkler system shall be determined by adding the hose stream allowance
from Table 16.3.1.3 to the water supply for sprinklers determined in Section 16.3. This
supply shall be available for the minimum duration specified in Table 16.3.1.3.

Table 16.3.1.3 Hose Stream Allowance and Water Supply Duration Requirements fi
Commodities Stored Above 25 ft (7.6 m) in H
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hazard fire control sprinkler system shall be determined by adding the hose stream allowance
from Table 16.3.1.3 to the water supply for sprinklers determined in Section 16.3. This
supply shall be available for the minimum duration specified in Table 16.3.1.3.

Table 16.3.1.3 Hose Stream Allowance and Water Supply Duration Requirements fi
Commodities Stored Above 25 ft (7.6 m) in H

Storage Height Inside Hose
Commodity Classification
ft m gpm L/min
Class I, II, and III >25 >7.6 0, 50, or 100 0, 190, 380
Class IV >25 >7.6 0, 50, or 100 0, 190, 380

16.3.2 Large Drop Sprinklers and Specific Application Control Mode Sprinklers for
Rack Storage of Class I Through Class IV Commodities Stored Over 25 ft (7.6 m) in
Height.

16.3.2.1 Protection of single-, double-, and multiple-row rack storage without solid shelves
for Class I through Class IV commodities shall be in accordance with Table 16.3.2.1(a) and
Table 16.3.2.1(b).

Table 16.3.2.1(a) Large Drop Sprinkler Design Criteria for Single-, Double-, and Multi
Through Class IV Commodities Stored Over 25 ft (7.¢

Maximum
Maximum Ceiling/ Roof Number of Desig
Storage Height Height Minimum F
Type of
Commodity Class | Nominal K-Factor ft m ft m System #/psi
Wet 20/25 + 1 level of
11.2 in-rack
L1 (161) 30 o1 35 10.7 Dry 30/25 + 1 level of
in-rack
LI 11.2 35 10.7 40 12.2 Dry* 36/55
(161)
I, IV Design criteria not applicable to Class III or Class IV commodities stc

*High temperature rated sprinklers shall be used. Dry system water delivery shall be determined in accordance
seconds with four sprinklers initially open.

Table 16.3.2.1(b) Specific Application Control Mode [16.8 K-factor (242)] Sprink
Multiple-Row Racks Without Solid Shelves of Class I Through Class IV Comm

Maximum
Maximum Ceiling/ Roof Number of Desig
Storage Height Height Minimum F
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Commodity Class

Nominal K-Factor

ft ‘m‘ft‘ m ‘s'yétem‘

#/psi

Table 16.3.2.1(b) Specific Application Control Mode [16.8 K-factor (242)] Sprink
Multiple-Row Racks Without Solid Shelves of Class I Through Class IV Comm«

Maximum
Maximum Ceiling/ Roof Number of Desig
Storage Height Height Minimum F
Type of
Commodity Class | Nominal K-Factor ft m ft m System #/psi
LI 16.8 35 10.7 40 12.2 Dry* 36/22
(242)

I, IV Design criteria not applicable to Class III or Class IV commodities st

*High temperature rated sprinklers shall be used. Dry system water delivery shall be determined in accordance

seconds with four sprinklers initially open.

16.3.2.2 Where in-rack sprinklers are required by Table 16.3.2.1(a), in-rack sprinkler
spacing, design pressure, and hydraulic calculation criteria shall be in accordance with the
requirements of 16.3.4 as applicable for the commodity.

16.3.2.3 Protection shall be provided as specified in Table 16.3.2.1(a) or appropriate NFPA
standards in terms of minimum operating pressure and the number of sprinklers to be
included in the design area.

16.3.2.4 Open Wood Joist Construction.

16.3.2.4.1 Where large drop K-11.2 (161) sprinklers are installed under open wood joist
construction, their minimum operating pressure shall be 50 psi (3.4 bar).

16.3.2.4.2 Where each joist channel of open, wood joist construction is fully fire-stopped to
its full depth at intervals not exceeding 20 ft (6.1 m), the lower pressures specified in Table
16.3.2.1(a) shall be permitted to be used.

16.3.2.5 The design area shall be a rectangular area having a dimension parallel to the
branch lines at least 1.2 times the square root of the area protected by the number of
sprinklers to be included in the design area. Any fractional sprinkler shall be included in the
design area.

16.3.2.6 Hose stream allowance and water supply duration requirements shall be in
accordance with Table 16.3.2.1(a) and Table 16.3.2.1(b).

16.3.2.7 Preaction Systems.

16.3.2.7.1 For the purpose of using Table 16.3.2.1(a) and Table 16.3.2.1(b), preaction
systems shall be classified as dry pipe systems.
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16.3.2.8 Building steel shall not require special protection where Table 16.3.2.1(a) and
Table 16.3.2.1(b) are applied as appropriate for the storage configuration.

16.3.3* Early Suppression Fast-Response (ESFR) Sprinklers for Rack Storage of Class
I Through Class IV Commodities Stored Over 25 ft (7.6 m) in Height.

16.3.3.1 Protection of single-, double-, and multiple-row rack storage of Class I through

Class IV shall be in accordance with Table 16.3.3.1.

Table 16.3.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Class I Throu

m) in Height
Maximum W\
Maximum Ceiling/ Roof 0]
Storage Height Height I
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation ps
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Table 16.3.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Class I Throu

m) in Height
Maximum W\
Maximum Ceiling/ Roof 0]
Storage Height Height I
Storage Nominal

Arrangement Commodity ft m ft m | K-Factor Orientation ps
14.0 Upright or pendent 7¢

(201)
16.8 Upright/ 5%

35 10.7 (242) Pendent

22.4 Pendent 3¢

(322)
25.2 Pendent 2

(363)
14.0 Pendent 7¢

201

16.8 Pendent 5z

30 9.1 40 12.2 (242)
224 Pendent 4(

(322)
25.2 Pendent 2!

(363)
114N Dan Anns ar
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Table 16.3.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Class I Throu

m) in Height
Maximum )\’
Maximum Ceiling/ Roof 0]
Storage Height Height I
Storage Nominal

Arrangement Commodity ft m ft m K-Factor Orierll\t‘zjltli‘on ps

(201)
16.8 Pendent 6:

45 13.7 (242)
' 22.4 Pendent 4(

Sinel (322)

ingle-row,

double-row, and Class I, 11, I1I, or (2356'3%) Pendent A
multiple-row rack | IV, encapsulated :
(no open-top or unencapsulated 14.0 Pendent 7

containers) (201)
16.8 Pendent 5%

(242)

40 12.2

22.4 Pendent 4(

(322)
25.2 Pendent 2!

(363)
35 107 14.0 Pendent 9(

(201)
16.8 Pendent 6:

45 13.7 (242)
' 22.4 Pendent 4(

(322)
25.2 Pendent 4(

(363)
14.0 Pendent 9

(201)
16.8 Pendent 6:

4 12.2 45 13.7 (242)
0 ' ' 22.4 Pendent 4(

(322)
25.2 Pendent 4(

(363)

16.3.3.2 ESFR protection as defined shall not apply to the following:

(1) Rack storage involving solid shelves

(2) Rack storage involving combustible, open-top cartons or containers

16.3.3.3 ESFR sprinkler systems shall be designed such that the minimum operating
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pressure is not less than that indicated in Table 16.3.3.1 for type of storage, commodity,
storage height, and building height involved.

16.3.3.4 The design area shall consist of the most hydraulically demanding area of 12
sprinklers, consisting of four sprinklers on each of three branch lines.

16.3.3.5 Where required by Table 16.3.3.1, one level of K-8.0 (115) quick-response,
ordinary-temperature in-rack sprinklers shall be installed at the tier level closest to but not
exceeding % of the maximum storage height. In-rack sprinkler hydraulic design criteria shall
be the most hydraulically remote eight sprinklers at 50 psi (3.4 bar). In-rack sprinklers shall
be located at the intersection of the longitudinal and transverse flue space. Horizontal
spacing shall not be permitted to exceed 5 ft (1.5 m) intervals.

16.3.3.6 Where ESFR sprinklers are installed above and below obstructions, the discharge
for up to two sprinklers for one of the levels shall be included with those of the other level in
the hydraulic calculations.

16.3.4 In-Rack Sprinklers for Rack Storage of Class I Through Class IV Commodities
Stored Over 25 ft (7.6 m) in Height.

16.3.4.1 In-Rack Sprinkler Location for Rack Storage of Class I Through Class IV
Commodities Stored Over 25 ft (7.6 m) in Height.

16.3.4.1.1* Double-Row Racks.

L] L0
DE Barrier

L]
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[]
L]

IO
HENNN
I
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0 O
=
[HH

L Barriars shown
with background

Elevation Flan View

MNotes:

1, Symbol x indicates in-rack sprinklers,

2. Each square represents a slorage cube measunng 4 M to 50 {1.22m
to 1.53 m) on a side. Aclual load heights can vary rom approximately
180, (046 m) up to 10 K (3.05 m). Therefore, there could be as few as
one load or as many as six or seven loads between in-rack sprinklers
that are spaced 10t (3.05 m) apart varticalky,

FIGURE 16.3.4.1.1(a) In-Rack Sprinkler Arrangement, Class I Commodities, Storage
Height 25 ft to Maximum 30 ft (7.6 m to Maximum 9.1 m).
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Maotes:

1. Sprinkiers labeled 1 (the selected array from Table 16.3.1.1) shall
be required where loads labeled Aor grepresent top of starage.

2. Sprinkiers labeled 1 and 2 shall be required where loads labeled C
or O represent top of storage.

3. Sprinkiers labeled 1 and 3 shall be required where loads labeled
E or F represent top of storage.

4, For storage higher than represented by loads labeled F the cycle
defined by Motes 2 and 3 is repeated, with stagger as indicated.

5, Symbol A or x indicates sprinkiers on verfical or horizontal stagger.

6. Each square represents a storage cube measunng 4 Mto 5 f{1.22m
te 1.53 m) on a side. Actual load heights can vary from approximately
18 in. (046 m) upto 10 it (3.05 m). Theretors, there could be as lew as
one boad or 48 many ag six or sevan loads babwean if-rack sprinklers
that are spaced 10 f.(3.05 m) apart verfically,

FIGURE 16.3.4.1.1(b) In-Rack Sprinkler Arrangement, Class I Commodities, Storage
Height Over 25 ft (7.6 m).
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Elevation Plan View (A or B)

MNotes:

1. Alternate location of in-rack sprinklers, Sprinklers shall be permitted
to be installed above loads A and Cor above loads Band D,

2. Symbol A or X indicates sprinklers on vertical or horizantal stagger,

3. Each square represents a storage cube measunng 4 o 5 {(1.22 m
o 1.53 m) on a side. Actual load heights can vary from approximately
18 in. (0.46 m} up to 10 ft (3.05 m). Therefare, there could be as few as
ofe [oad oF 3% WMany as Six of seven loads bebwaan in-rack sprinklers
that are spaced 10 ft (3.05 m) apart vertically,

FIGURE 16.3.4.1.1(c) In-Rack Sprinkler Arrangement, Class I, Class II, or Class 111
Copyright NFPA



Commodities, Storage Height 25 ft to Maximum 30 ft (7.6 m to Maximum 9.1 m).
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Elevation Plan View

Motes:

1. Sprinklers labeled 1 shall be required where loads labeled A
rapresant the top of storage.

2. Sprinklers labeled 1 and 2 shall be required where loads labeled
B or Crepresent top of storage.

3. Sprinklers labeled 1, 2, and 3 shall be required where loads labeled
Dor E represent top of slorage.

4. Sprinklers labeled 1, 2, 3, and 4 shall be required where loads
labeled For G represent top of storage.

3, Sprinklers labeled 1, 2, 3, 4, and 5 shall be required where loads
labeted H represent top of storage.

6. For storage higher than represented by loads labeled H, the cycle
defined by Nolas 3, 4, and 5 is repeatad with stagger as indicated.

7. The indicated face sprinkiers shall be permitted (o be omitted where
commodity consisis of unwrapped or unpackaged metal pars on
wood pallets,

8. Symbol A or xindicates sprinklers on vartical or horizontal stagger.

9. Each square represents a storage cube measuring 4 to 51 (1.22 m
o 1.53 m} on a side. Actual load heights can vary from approximately
18 in. {0.46 m) up to 10 ft {3.05m}), Therefore, there could be as few as
one load oF 85 many as sk of seven loads balwean in-rack sprinklers
that are spaced 10 ft {3.05 m) apart vertically,

FIGURE 16.3.4.1.1(d) In-Rack Sprinkler Arrangement, Class I, Class II, or Class III
Commodities, Storage Height Over 25 ft (7.6 m) — Option 1.
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Motes:

1. Sprinklers labeled 1 (the selected array from Table 16.3.1.1) shall

be required where loads labeled A or B represent top of storage.

2. Sprinkiers labeled 1 and 2 shall be required where loads labeled C
or O represent top of storage.

. Sprinkiers labeled 1 and 3 shall be required where loads labeled £
or F represent lop of storage,

. For storage higher than represented by loads labeled F, the cycle
defined by Motes 2 and 3 is repeated, with stagger as indicated,

. Symbal A or x indicates sprinklers on verical or honizontal siagger.

. Each square represents a storage cube measuring 4 fito 51 (1.22 m
to 1.53 m) on a side. Actual load heights can vary from approximatedy
18 in. (046 m) up to 10 ft {3.05 m). Therefare, there could be as few as
ane load or as many as six of geven loads between in-rack sprinklers
that are spacad 10 ft (3.05 m) apart vedically,

FIGURE 16.3.4.1.1(e) In-Rack Sprinkler Arrangement, Class I, Class II, or Class 111
Commodities, Storage Height Over 25 ft (7.6 m) — Option 2.
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Motes:

1. Sprinkiers labeled 1 {the selected array from Table 16.3.1 1) shall
e required where loads labeled Aer B represent top of slorage.

2. Sprinklers labeled 1 and 2 shall be required where loads labeied
or Drepresent fop of storage.

3. Sprinklers labeled 1 and 3 shall be required where loads labeled £
reprasent top of storage.

4. Sprinklars labeled 1 and 4 shall be required where loads labeted F
or 3 represent top of storage.

&. For storage higher than represented by loads labeled G, the cycle
defined by Notes 2, 3, and 4 is repeated.

6. Symbod » indicates face and in-rack sprinklers.

7. Each square represents a storage cube measuring 4 ftto 5 {1.22 m
o 1.53 m) on a side. Actual load heights can vary from approximately
18 in. (046 m) up o 101 {3.05 m), Therefore, there could be as few as
oné load or as many as six or seven loads betweaan in-rack sprinklers
that are spaced 10 ft (3.05 m) apart vertically,

FIGURE 16.3.4.1.1(f) In-Rack Sprinkler Arrangement, Class I, Class 11, or Class III
Commodities, Storage Height Over 25 ft (7.6 m) — Option 3.
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Motas:

1. Sprinklers labeled 1 (the selacted array from Table 16.3.1.1) shall
be required where loads labaled A or B represent top of starage.

2. Sprirklars labeled 1 and 2 shall be required where lvads labeled &
or D reprasent top aof siorage.

3. Sprirklers labeled 1 and 3 shall be required where lbads labeled £
or F represent lop of storage.

4. For storage higher than represented by loads labeled F, the cycie
defined by Mates 2 and 3 is repaated.

5. Symbols g, A, and x indicate sprinklers on vertical or horizontal
slagger.

G. Each square represents a storage cube measuring 4 ftto 5#{1.22 m
o 1.53 m) on a side. Actuzl load heights can vary from approximately
18in. (0.46 m) up o 10 ft (3.05 m). Therefore, there could be as few as
ane load of 48 many as six or seven loads betwaen in-rack sprinklers
that are spaced 10t (3.05 m) apar vertically,

FIGURE 16.3.4.1.1(g) In-Rack Sprinkler Arrangement, Class I, Class I1, or Class I1I
Commodities, Storage Height Over 25 ft (7.6 m) — Option 4.
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Motes:
1. Sprinklers labeled 1 (the selected array from Table 16.3.1.1) shall
be required where lcads labeled Aor B represent top of storage.
2. Sprinklers labeled 1 and 2 shall be required where loads labeled C
or £ represent top of storage.
3. Sprinklers labeled 1, 2, and 3 shall be required where loads labeled
E or F represent top of storage.
4. Sprinklers labeled 1, 2, 3, and 4 shall be required where loads
labeled G represent top of storage.
5. Sprinklers labeled 1, 2, 3, 4, and 5 shall be required where loads
labeled M represent top of storage.
6. Sprinkiers labeled 1, 2, 3, 4, and & (not 5) shall be required where
loads labeled | or J represent top of storage.
7. Sprinklers labeled 1, 2, 3, 4, 8, and 7 shall be required where loads
labeled K represent top of storage.
B. Sprinklers labeled 1, 2, 3, 4, 8, and B shall ba required whera loads
labeled L represent top of storage.
9, Spninklers labeled 1, 2, 3, 4, §, 8, and 9 shall be required where
lnads labeled M ar N represent top of starage.
10. For storage higher than represented by loads labeled N, the cycle
defined by Motes 1 through 9 is repeated, with stagger as indicated.
In the cycle, loads labeled M are equivalent to loads labeled A
11. Symbols o, x, and A indicate sprinklers on vertical or horizontal
stagager.
12. Each square represents a storage cube measuring 4 ftto SR (1.22 m
to 1.53m) an a side. Actual load helghits can vary from approsamataly
18 in. (.46 m) up to 10 ft (3.05 m). Therefore, there could be as few
as ong load or as many as six or seven loads betwean in-rack
sprinkiers thal are spaced 10 ft (3.05 m) apar vertically.

FIGURE 16.3.4.1.1(h) In-Rack Sprinkler Arrangement, Class I, Class 11, Class III, or
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Class IV Commodities, Storage Height Over 25 ft (7.6 m) — Option 1.
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Elevation Plan View (1 and 3)

Motes:

1. Sprinklers labeled 1 (the selected array from Table 16.3.1.1) shall
be required where loads labeled Aor B represent top of storage.

2. Sprinklers labeled 1 and 2 shall be required where loads labeled C
or & represent top of slorage,

3. Sprinklers labeled 1 and 3 shall be required whers loads labeled £
or F represent top of storage.

4, For storage higher than represented by loads labeled F the oycle
defired by Notes 2 and 3 is repeated,

5. Symbol » indicates face andin-rack sprinklers,

6. Each square represents a storage cube measuring 4 ftio 58 {1.22 m
io 1.53 m) on a side. Actual load heights can vary from approximately
18 in. (0.46 m)up fo 10t (3.05 m). Therefore, there could be as few as
oné load or as many as six or seven loads betwean in-rack sprinklers
that are spaced 10 ft (3.05 m) apart vertically,

FIGURE 16.3.4.1.1(i) In-Rack Sprinkler Arrangement, Class I, Class II, Class III, or
Class IV Commodities, Storage Height Over 25 ft (7.6 m) — Option 2.
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Moles:

1. Sprinklers labaled 1 (the selected array from Table 16.3.1.1} shall
be required where loads labeled A or B represent top of storage,

2. Sprinklers labaled 1 and 2 and barrier labeled 1 shall be required
whera Igads labaled C represent top of storage.

3, Sprinklers and barners labeled 1 and 3 shall be required whera
loads labeled D or £ represent lop of storage.

4, For storage higher than represented by loads labeled E, the cycle
defined by Motes £ and 3 is repeated.

5. Symbol A or x indicates sprinklers on vertical or herizonial stagger.

&, Symbod o indicates longiludinal flue space sprinklars.

7. Each square represents a storage cube measuring 4 Hto 5t {(1.22m
o 1.53 m) on a side. Actual load heights can vary from approximatety
18 in, (046 myup fo 10ft (3.05 m). Tharefore, there could be as few as
ané load oF A% many as Six of seven loads betwaan in-rack sprinklars
that are spaced 10 ft (3.05 m) apart vertically,

FIGURE 16.3.4.1.1(j) In-Rack Sprinkler Arrangement, Class I, Class II, Class III, or
Class IV Commodities, Storage Height Over 25 ft (7.6 m) — Option 3.

16.3.4.1.1.1 In double-row racks without solid shelves and with a maximum of 10 ft (3.1 m)
between the top of storage and the ceiling, in-rack sprinklers shall be installed in accordance
with Table 16.3.1.1 and Figure 16.3.4.1.1(a) through Figure 16.3.4.1.1(j). The highest level
of in-rack sprinklers shall be not more than 10 ft (3.1 m) below the top of storage. Where a
single-row rack is mixed with double-row racks, Table 16.3.1.1 and Figure 16.3.4.1.1(a)
through Figure 16.3.4.1.1(j) shall be used.

16.3.4.1.1.2 Figure 16.3.4.1.2(a) through Figure 16.3.4.1.2(c) shall be permitted to be used
for the protection of the single-row racks.

16.3.4.1.2* Single-Row Racks. In single-row racks without solid shelves with storage
height over 25 ft (7.6 m) and a maximum of 10 ft (3.1 m) between the top of storage and the
ceiling, sprinklers shall be installed in accordance with Figure 16.3.4.1.2(a) through Figure
16.3.4.1.2(e). In single-row racks, where figures show in-rack sprinklers in transverse flue
spaces centered between the rack faces, it shall be permitted to position these in-rack
sprinklers in the transverse flue at any point between the load faces.
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Elevation Plan View

Metes:

1. For all storage heights, sprinklers shall be installed in every other
tier and staggerad as indicated.

2. Bymbol A or x indicates sprinklers on vertical or horizontal stagger,

3. Each square represents a storage cube measunng 4 o 5 (122 m
o 1.53 m) on a side. Actual lead heights can vary from approximately
18 in. (0.46 m) up o 10 f (3.05 m). Therefare, there could be as few as
one load oF 3% Many as six of seven loads bebwean in-rack sprinklers
that are spaced 10 ft (3.05 m) apart vertically,

FIGURE 16.3.4.1.2(a) Class I, Class I1, Class III, or Class IV Commodities, In-Rack
Sprinkler Arrangement, Single-Row Racks, Storage Height Over 25 ft (7.6 m) —

Copyright NFPA
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Elevation Plan View

MNole: Each square represents a storage cube measuring 4 Mo 51 (1.22 m
to 1.53 m) on & side. Actual load heighls can vary from approximately 18in,
(0,46 m}) up to 10 ft (3.05 m). Therefore, there could be as few as one load
OF &5 Many as six o soven loads betwean in-rack sprinkiers that are
spaced 10 i (3.05 m) apart vertically,

FIGURE 16.3.4.1.2(b) Class I, Class II, or Class III Commodities, In-Rack Sprinkler
Arrangement, Single-Row Racks, Storage Height Over 25 ft (7.6 m) — Option 1.
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Elevation Plan View

Nole: Each square represents a slorage cube measuring 4 M to 51t (1.22 m
te 1.53 m) on a side. Actual lead heights can vary from approximately 18 in,
(0.46:m) up to 10 ft (3.05 m). Therefore, there could be as few as ong load
OF &5 MAany as X oF seven loads betwean in-rack sprinklers that ara
spaced 10 ff (3.05 m) apart vertically,

FIGURE 16.3.4.1.2(¢) Class I, Class II, or Class III Commodities, In-Rack Sprinkler
Arrangement, Single-Row Racks, Storage Height Over 25 ft (7.6 m) — Option 2.
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Elevation Plan View

MNete: Each square represants a slorage cube measurng 4 (Lo 5 i (1.22 m
to 1.53 m) on a side. Actual lead heights can vary from approximatehy 18:in.
(0.46 m}) up to 10 f (3.05 m). Therefore, there could be as few as one load
of as many as six or seven loads between in-rack sprinklers that are
spaced 10 i (3.05 m) apart verticaliy.

FIGURE 16.3.4.1.2(d) Class I, Class II, Class III, or Class IV Commodities, In-Rack
Sprinkler Arrangement, Single-Row Racks, Storage Height Over 25 ft (7.6 m) —
Option 2.
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MNote: Each square reprasents a storage cube measunmng 4 Mo 5t (1.22 m
te 1.53 m) on a side. Actual rad heights can vary from approximately 18 in.
{0.46 m) up to 10 f (3.05 m). Therefore, there could be as few as one load
or as many as six or seven loads between in-rack sprinklers that are
spaced 10 i (3.05 m) apart vertically.

FIGURE 16.3.4.1.2(e) Class I, Class II, Class III, or Class IV Commodities, In-Rack
Sprinkler Arrangement, Single-Row Racks, Storage Height Over 25 ft (7.6 m) —
Option 3.

16.3.4.1.3* In-Rack Sprinkler Location — Multiple-Row Racks for Rack Storage of
Class I Through Class IV Commodities Stored Over 25 ft (7.6 m) in Height. In
multiple-row racks with a maximum of 10 ft (3.1 m) between the top of storage and the
ceiling, protection shall be in accordance with Table 16.3.1.2 and in-rack sprinklers shall be
installed as indicated in Figure 16.3.4.1.3(a) through Figure 16.3.4.1.3(c). The highest level
of in-rack sprinklers shall be not more than 10 ft (3.1 m) below maximum storage height for
Class I, Class 11, or Class III commodities or 5 ft (1.5 m) below the top of storage for Class
IV commodities.
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Loading Aisle Elevation

Notes:

1, Sprinklers labeled 1 shall be required if loads labeled A represent top
of storage.

2. Sprinklers l[abeled 1 and 2 shall be required if lcads labaled Bor C©
represent lop of storage.

3. Sprinklers labeled 1 arvd 3 shall be required if loads labeled Dor E
represent top of storage.

4. For storage higher than represanted by loads labeled E, the cycie
defired by Notes 2 and 3 is repeated, with stagger as indicated.

5. Symbol A or x indicates sprinklers on vertical or horizontal stagger.

6. Each square represents a storage cube measuring 4 ftte 5 (1.22 m
to 1.53 m} on a side. Actual load heights can vary from approximately
18in. (046 m} up to 10 ft (3.05 m). Therefore, there coukd be as few as
one load oF a5 Many as sk of seven loads between in-rack sprinkiers
that are spaced 10 ft (3.05 m) apart vertically,

FIGURE 16.3.4.1.3(a) In-Rack Sprinkler Arrangement — Multiple-Row Racks, Class
I Commodities, Storage Height Over 25 ft (7.6 m).
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Motes:

. Sprinklers labaled 1 and 2 shall be required if loads labetad A

represent top of storage,

2. Sprinkiers labaled 1 and 3 shall ba required if loads labeled Bor ©
represent top of storage,

3. For storage hagher than represented by loads labeled G, the cyce
defined by Notes 2 and 3 is repeated, with stagaer as indicated.

4, Symbol A or x indicates sprinklers on vertical or honizontal stagger,

5. Each square represents a storage cube measuring 4 ftto 58 (1.22 m
to 1.53 m} on a side. Actual load heights can vary from approximatehy
18 in. (0.46 m) up to 10t (3.05 m). Therefore, there could be as few as
onie load of &8 many as s of seven loads between in-rack sprinklers
that are spaced 10 ft (3.05 m) apart vertically,

FIGURE 16.3.4.1.3(b) In-Rack Sprinkler Arrangement — Multiple-Row Racks, Class
I, Class IL, or Class III Commodities, Storage Height Over 25 ft (7.6 m).

b
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Motas:

1. Sprinkiers labeled 1, 2, and 3 shall be required if loads labeled A
represent top of storage.

2. Sprinkiers labeled 1, 2, and 4 shall be required if loads labeled B
reaprasent top of storage.

3. For storage higher than reprasented by loads labeled B, the cycle
defined by Notes 1 and 2 is repeated, with stagger as indicated,

4. Symbat A or x indicates sprinklers on vertical or horizontal stagger,

5. Each square represents a storage cube measunng 4 oS50 {1.22 m
to 1.53 m) on & side, Actual load heights can vary from approxmately
18 in, (0.46 m) up to 101 (3.05 m). Therefore, there could be as few as
one lbad oF as many as six of seven leads between In-rack sprinklers
that are spaced 10 # (3.05 m) apart vertically.

FIGURE 16.3.4.1.3(c) In-Rack Sprinkler Arrangement, Class I, Class II, Class III, or
Class IV Commodities — Multiple-Row Racks, Storage Height Over 25 ft (7.6 m).

16.3.4.2 In-Rack Sprinkler Spacing for Rack Storage of Class I Through Class IV
Commodities Stored Over 25 ft (7.6 m) in Height.

16.3.4.2.1 In-Rack Sprinkler Spacing. In-rack sprinklers shall be staggered horizontally
and vertically where installed in accordance with Table 16.3.1.1, Figure 16.3.4.1.1(a)
through Figure 16.3.4.1.1(j) and Figure 16.3.4.1.2(a) through Figure 16.3.4.1.2(e).

16.3.4.2.2 In-rack sprinklers for storage higher than 25 ft (7.6 m) in double-row racks shall
be spaced horizontally and located in the horizontal space nearest the vertical intervals
specified in Table 16.3.1.1 and Figure 16.3.4.1.1(a) through Figure 16.3.4.1.1(j).

16.3.4.2.3 In-Rack Sprinkler Spacing. Maximum horizontal spacing of sprinklers in
multiple-row racks with storage higher than 25 ft (7.6 m) shall be in accordance with Figure
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16.3.4.1.3(a) through Figure 16.3.4.1.3(c).

16.3.4.3 In-Rack Sprinkler Water Demand for Rack Storage of Class I Through Class
IV Commodities Stored Over 25 ft (7.6 m) in Height. The water demand for sprinklers
installed in racks shall be based on simultaneous operation of the most hydraulically remote
sprinklers as follows:

(1) Six sprinklers where only one level is installed in racks with Class I, Class II, or Class
IIT commodities

(2)  Eight sprinklers where only one level is installed in racks with Class IV commodities

3) Ten sprinklers (five on each two top levels) where more than one level is installed in
racks with Class I, Class II, or Class III commodities

4) Fourteen sprinklers (seven on each two top levels) where more than one level is
installed in racks with Class IV commodities

16.3.4.3.1 In-Rack Sprinkler Discharge for Rack Storage of Class I Through Class IV
Commodities Stored Over 25 ft (7.6 m) in Height. Sprinklers in racks shall discharge at a
rate not less than 30 gpm (113.6 L/min) for all classes of commodities.

16.3.5 Special Design for Rack Storage of Class I Through Class IV Commodities
Stored Over 25 ft (7.6 m) in Height.

16.3.5.1 Where high-expansion foam systems are used for storage over 25 ft (7.6 m) high
up to and including 35 ft (10.7 m) high, they shall be used in combination with ceiling
sprinklers. The maximum submergence time for the high-expansion foam shall be 5 minutes
for Class I, Class II, or Class III commodities and 4 minutes for Class IV commodities.

Chapter 17 Protection of Plastic and Rubber Commodities That
Are Stored on Racks

17.1 General.

17.1.1 This chapter shall apply to storage of plastic and rubber commodities stored in racks.
The requirements of Chapter 12 shall apply unless modified by this chapter. (See Section
C9)

17.1.2 Sprinkler Protection Criteria.

17.1.2.1 Plastic commodities shall be protected in accordance with Figure 17.1.2.1. This
decision tree also shall be used to determine protection for commodities that are not entirely
Group A plastics but contain such quantities and arrangements of Group A plastics that they
are deemed more hazardous than Class IV commodities. The design criteria of 17.2.1 for
single- and double-row rack storage of plastic commodities shall be applicable where aisles
are 3.5 ft (1.07 m) or greater in width. Storage with aisles less than 3.5 ft (1.07 m) shall be
protected as multiple-row rack storage. (See Section C.21.)
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Plastics

Group A Group B Giroup C
| Class IV Class 1l
Cartoned, expanded or Exposed, expanded
unexpanded, and (outside the scope
exposed, unexpanded of Chapter 17)
Stable Fraa-flowing
(sae Chapter 17) Class IV

Mote: Cartons that contain Group A plastic material shall be permitted to
be treated as Class IV commodities under the following conditions:
(1) There shall be multiple layers of corrugation or equivalent outer
material that would significantly delay fire involvement of the
Group A plastic.
(2) The amount and arrangemeant of Group A plastic material within an
ordinary carton would not be expected to significantly increase
the fire hazard.

FIGURE 17.1.2.1 Decision Tree.
17.1.2.2 Group B plastics and free-flowing Group A plastics shall be protected the same as
Class IV commodities.
17.1.2.3 Group C plastics shall be protected the same as Class III commodities.

17.1.2.4 Sprinkler protection criteria for the storage of materials on racks shall be in
accordance with Section 17.2 for storage up to 25 ft (7.6 m), and Section 17.3 for storage
over 25 ft (7.6 m).

17.1.2.5% Protection criteria for Group A plastics shall be permitted for the protection of the
same storage height and configuration of Class I, II, III, and IV commodities.

17.1.3 Movable Racks. Rack storage in movable racks shall be protected in the same
manner as multiple-row racks.

17.1.4 Fire Protection of Steel Columns — Columns Within Storage Racks. (See
Section C.10.)

17.1.4.1 Where sprinkler protection of building columns within the rack structure or vertical
rack members supporting the building are installed in lieu of fireproofing, sprinkler
protection in accordance with one of the following shall be provided:

(1) Sidewall sprinklers at the 15 ft (4.6 m) elevation, pointed toward one side of the steel
column

(2) Provision of ceiling sprinkler density for a minimum of 2000 ft2 (186 m2) with
ordinary 165°F (74°C) or high-temperature 286°F (141°C) rated sprinklers as shown
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in Table 17.1.4.1 for storage heights above 15 ft (4.6 m), up to and including 20 ft
(6.1 m)

3) Provision of large drop, specific application control mode or ESFR ceiling sprinkler
protection

(4) This protection shall not be required where storage in fixed racks is protected by
in-rack sprinklers.

Table 17.1.4.1 Ceiling Sprinkler Densities for Protection of Steel Building

Columns
Aisle Width
4t (1.2 m) 8 ft (2.4 m)
Commodity gpm/ft2 (L/min)/m2 gpm/ft2
Classification (L/min)/m2
Class | 0.37 15.1 0.33 13.5
Class IT 0.44 17.9 0.37 15.1
Class III 0.49 20 0.42 17.1
Class IV and 0.68 27.7 0.57 23.2
Plastics

17.1.4.2 The flow from a column sprinkler(s) shall be permitted to be omitted from the
sprinkler system hydraulic calculations.

17.1.5 Solid Shelving.

17.1.5.1 Where solid shelving in single-, double-, and multiple-row racks exceeds 20 ft2
(1.86 m2) but does not exceed 64 ft2 (5.95 m?) in area, sprinklers shall not be required below
every shelf, but shall be installed at the ceiling and below shelves at intermediate levels not
more than 6 ft (2 m) apart vertically. (See Section C.11.)

17.1.5.2 Where solid shelving in single-, double-, and multiple-row racks exceeds 64 ft2
(5.95 m2) in area or where the levels of storage exceed 6 ft (2 m), sprinklers shall be installed
at the ceiling and below each level of shelving.

17.1.5.3 In-rack sprinklers shall be horizontally spaced in accordance with 17.2.4 and
17.3.4.

17.1.5.4 Design criteria for combined ceiling and in-rack sprinklers shall be used for the
storage configurations in 17.1.5.1 and 17.1.5.2.

17.1.6 Open-Top Combustible Containers. See Section C.12.
17.1.7 In-Rack Sprinklers.

17.1.7.1 The number of sprinklers and the pipe sizing on a line of sprinklers in racks shall be
restricted only by hydraulic calculations and not by any piping schedule.

17.1.7.2 When in-rack sprinklers are necessary to protect a higher-hazard commodity that
occupies only a portion of the length of a rack, in-rack sprinklers shall be extended a
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minimum of 8 ft (2.44 m) or one bay, whichever is greater, in each direction along the rack
on either side of the higher hazard. The in-rack sprinklers protecting the higher hazard need
not be extended across the aisle.

17.1.7.3 Where a storage rack, due to its length, requires less than the number of in-rack
sprinklers specified, only those in-rack sprinklers in a single rack need to be included in the
calculation.

17.1.7.4% In-rack sprinklers shall be located at an intersection of transverse and longitudinal
flues while not exceeding the maximum spacing rules. Where distances between transverse
flues exceed the maximum allowable distances, sprinklers shall be installed at the intersection
of the transverse and longitudinal flues and additional sprinklers shall be installed between
transverse flues to meet the maximum distance rules. Where no transverse flues exist, in-rack
sprinklers shall not exceed the maximum spacing rules.

17.1.8* Horizontal Barriers and In-Rack Sprinklers. Horizontal barriers used in
conjunction with in-rack sprinklers to impede vertical fire development shall be constructed
of sheet metal, wood, or similar material and shall extend the full length and depth of the
rack. Barriers shall be fitted within 2 in. (51 mm) horizontally around rack uprights.

17.1.9 Flue Space Requirements for Storage Up to and Including 25 ft (7.6 m). In
double-row and multiple-row racks without solid shelves, a longitudinal (back-to-back
clearance between loads) flue space shall not be required. Nominal 6 in. (152.4 mm)
transverse flue spaces between loads and at rack uprights shall be maintained in single-row,
double-row, and multiple-row racks. Random variations in the width of flue spaces or in
their vertical alignment shall be permitted. (See Section C.13.)

17.1.10 Flue Space Requirements for Storage Over 25 ft (7.6 m).

17.1.10.1 Nominal 6 in. (152.4 mm) transverse flue spaces between loads and at rack
uprights shall be maintained in single-row, double-row, and multiple-row racks. Nominal 6
in. (152.4 mm) longitudinal flue spaces shall be provided in double-row racks. Random
variations in the width of the flue spaces or in their vertical alignment shall be permitted.

17.1.10.2 In single-row, double-row, or multiple-row racks, a minimum 6 in. (152.4 mm)
vertical clear space shall be maintained between the sprinkler deflectors and the top of a tier
of storage. Face sprinklers in such racks shall be located a minimum of 3 in. (76 mm) from
rack uprights and no more than 18 in. (460 mm) from the aisle face of storage. Longitudinal
flue in-rack sprinklers shall be located at the intersection with the transverse flue space and
with the deflector located at or below the bottom of horizontal load beams or above or
below other adjacent horizontal rack members. Such in-rack sprinklers shall be a minimum of
3 in. (76 mm) radially from the side of the rack uprights.

17.2 Protection Criteria for Rack Storage of Plastics Commodities Stored Up to and
Including 25 ft (7.6 m) in Height.

17.2.1 Control Mode Density-Area Sprinkler Protection Criteria for Single-, Double-,
and Multiple-Row Racks for Plastics Commodities Stored Up to and Including 25 ft
(7.6 m) in Height, with Clearances Up to and Including 10 ft (3.1 m).
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17.2.1.1* For the storage of Group A plastics stored 5 ft (1.5 m) or less in height, the
sprinkler design criteria for miscellaneous storage specified in Chapter 13 shall be used. The
protection criteria in Chapter 13 shall be acceptable for storage of Group A plastic
commodities up to and including 5 ft (1.5 m) in height. See Table 13.2.1 for specific Group
A plastic storage height protection criteria.

17.2.1.2 Ceiling Sprinkler Water Demand. For Group A plastic commodities in cartons,
encapsulated or nonencapsulated in single-, double-, and multiple-row racks, ceiling sprinkler
water demand in terms of density [gpm/ft> (mm/min)] and area of operation [{t2 (m2)] shall
be selected from Figure 17.2.1.2(a) through Figure 17.2.1.2(f). Linear interpolation of design
densities and areas of application shall be permitted between storage heights with the same
clearances. No interpolation between clearances shall be permitted. (See Section C.22.)

Single-, double-, and multiple-row racks Slngle , double-, and mulliple-row racks

.30 gpm /12 par 2000 12 gpm / ft2 par 2000 it

{12.2 mm/min per 186 m®) (18.3 mmy/min per 186 m%)

< 5 it {1.5 m) cailing clearance Eftta 100 (1.5 mto 3.1 m) cailing clearance

1 L0

LIV LT Y | L LL[1]
EII:II:IIIII[HII[]DDIIIIIIIH
0.00,.00,.000 O0.00.00.0000
O:00: 0001010 O:00:; 0 d: OO
N | 1 1 I M
== w2l = 1 = e e | = v B s VY s 1 1 e i IR SR e L
OO0 OO0 O 00 O L
OO0 CI IO eI TIeC T

Mote: Each square reprasents a storage cube measuring 4 ftto 5 fi (1.22 m to 1.52 m) on a side. Actual load heights can vary

fram approximately 18 in. (046 m) up to 10 f (3.05 m). Therefore, there could be as few as ona load or as many as six or
seven loads between in-rack sprinklers that are spaced 10 ft (3.05 m) apart vertically,

FIGURE 17.2.1.2(a) 5 ft to 10 ft (1.5 m to 3 m) Storage; Up to 10 ft (3 m) Clearance to
Ceiling.
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giggla- and double-row racks Multi-row racks Single-, double-, and multipie-row racks

gpm /12 per 2000 (2 0.60 gpm /112 par 2000 112 0.30 gpm / 12 par 2000 12
(24.5 mmymin per 186 m®} {24.5 mm/min per 186 m?) (12.2 mmimin per 186 m?)
Eftto 10f{1.5mto 3.1 m) Efto 10/ {1.5mto3.1m)
cailing clearance ceiling clearance
See Note 2 See Note 1

B 1t {2.44 ) maximum batwes

|

000 OO0 0o 00 OO,

fyeciyiinyiai el el
000 OoiOIo %%DD%

ooo O JO0
0.00 OO0 00,000, 010
0:00 OO:0110 %%D"D%ﬁ‘l‘?%r"l“r‘l
O 00 T 0171 000 00 O]

Notes:

1. Single lavel of in-rack sprinklers ['4 in. or *% in. (12.7 mm or 13.5 mm) operating at 15 psi (1.03 bar) minimum] installed as indicated in the
transverse flue spaces.

2. Where sprinklers lisled for storage use are inslalled at the ceiling only and the ceiling height in the protected area does not exceed 22 1t (8.7 m)
and a minimum clearance of 5 ft (1,53 m) and the storage height does nol exceed 15 ft (4.6 m), the ceiling sprinkler discharge criteria shall
be permitted to be reduced to 0.45 gpm/fE per 2000 2 (18,3 mm/min per 186 mé),

3. Each square represents a slorage cube measuring 4 f fo 5 #(1.22 m to 1.52 m) on a side. Actual load heights can vary from approximately
18 in. (0,46 m) up to 10 # (3.05 m). Therefore, there could be as few as one load or as many as six or seven loads between in-rack
sprinklars that are spaced 10 ft {3.05 m) apart verfically.

FIGURE 17.2.1.2(b) 15 ft (4.6 m) Storage; Up to 10 ft (1.5 m to 3.1 m) Clearance to
Ceiling.
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Single- and double-row racks  Single-, double-, and multiple-row racks

0.60 gpm / 1! per 2000 (24.5 0.45 gpm / % per 2000 ff

mimiemin per 186 mé) {18.3 mm/min per 186 m)

<5t (1.5 m) ceiling clearance P H 5 mj ceiling cearance
See Note 1
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Elevation View
MNotes:

&1t {2.44 m} maximum between sprinklars
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Single-, double-, and mullm-mw racks
Uﬂﬂgpmiﬂ?perzﬂm fi2
(12.2 mm/min per 186 m?)

':ﬁt“{‘l .5 m) ceiling clearance
See Note 2

8 it {2.44 m) maximum between sprinklers
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1. Single level of in-rack sprinklers [ in. or T4 in. (127 mm or 13.5 mm) operaling at 15 psi (1.03 bar) minimum] installed as indicated in the transverse

flue spaces.

2. Single level of in-rack sprinklers ['% in, (13.5 mm) cperating at 15 psi (1.03 bar) minimum or ' in, (12.7 mm) operating at 30 psi {2.07 bar) minimum)
installed on 4 ftlo 5 ft {1.25 m 1o 1.56 m) spacings localed, as indicated, in the longitedinal flue space at the Intersection of every ransverse flue space.

3. Each square represents a slorage cube measuring 4 fllo 5 ft (1.22 m to 1.52 m) on a side. Aclual load heights can vary from approximately
18 in. {0.46 mp up 1o 10t (3.05 m). Therefore, there could be as few as one load of a3 many as six o seven loads betwean in-rack sprinklers that are
spaced 10 1 {3.05 m) apart verfically.

FIGURE 17.2.1.2(c) 20 ft (6.1 m) Storage; <5 ft (1.5 m) Clearance to Ceiling.
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(.45 gpm { I per 2000 f2
(18,3 mm/min per 186 m#)

St to 10 f (1.5 m to 3.1 m) ceiling clearance
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See Notes 2, 3, and 5
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See Notes 2, 4, and 5
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Motes:

. Single level of in-rack sprinklers [% in. or %4in, (12.7 mm or 13.5 mm) operafing at 15 psi (1.03 bar) minimum] installed as indicated in the

transverse flue spaces.

. Ceiling only protection shall not be permitted for this storage configuration except where K-11.2, K-14, or K-16.8 spray sprinklers fisted for storage
use are installed. In-rack sprinklers shall not be required, provided the ceiling sprinkler discharge criterion i increased to 0.6 gpmifi? (24 mmimin)
over 2000 12 (188 m?) and the ceiling helght in the protected area does nol exceed 27 it (8.2 m).

. Twa levels of in-rack sprinklers [z in, or "ain, (12,7 mmoor 13.5 mm) operating at 15 psi (1,03 bar) minimum] installed as indicated and staggered

in the transverse flue space.

. Single level of in-rack sprinklers [ in. {13.5 mm) operating at 15 psi (1.03 bar) or Y2 in. (12.7 mm) aperating at 30 psi (2.07 bar) minimum]
instalied on 4 tito 5 ft {1.22'm to1.52 m) spacings located, as indicated, in the longitudinal flue space at the intersection of every transverse

flue space.

. Each square represents a storage cube measuring 4 f to 5 1t {1.22 m to 1.52 m) on a side. Actual load heights can vary from approximately 18 in.
(0.46 m) up to 10 # {3.05 m). Theretore, there could be as few as one load or as many as six or seven loads belween in-rack sprinklers that are

spaced 10 1 (3.05 m) apart verlically.
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FIGURE 17.2.1.2(d) 20 ft (6.1 m) Storage; 5 ft to 10 ft (1.5 m to 3.1 m) Clearance to
Ceiling.

0.45 gpm/fi? par 2000 ft*
{18.3 mm/min per 186 m?)

<5 1t (1.5 m) ceiling clearance
See Notes 1, 2, and 4

0.30 gpm/it* per 2000 2
(12.2 mmimin per 186 mé)

=5 1t (1.5 m) ceiling clearance
See Notes 2, 3, and 4
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Motes:

Elevation View

Elevation View

1. Single level of in-rack sprinklers [ in. (13.5 mm) operating at 15 psi (1.03 bar) minimum ar Y in. (12.7 mm) operating at 30 psi (2.07 bar)
minimum] installed on 4 # 10 51 (1.22 m o 1.52 m) spacings located, as indicated, in the longitudinal fiue space al the intersection of every

fransverse flue space.

. Ceiling-only protection shall not be permitted for this storage configuration e
installed. In-rack sprinklers shall not be required, provided the ceiling

sorinkl

xctam where K-16.8 spray sprinklers listed for
er discharge crulemrﬂ increased to 0.8 gpm,

P

use are
mirming

quer 2000 112 (186 m2) for wet systems and 4500 12 (418 m?) for ﬂr:.r systems and the ceiling height in the protected area does not exceed

30 1t (9.1 m).

staggered in the transverse flue space.

. Two levels of in-rack sprinklers [ in. or 5 in, (12,7 mm or 13.5 mm) operating at 15 psi (1.03 bar) minimum} installed as indicated and

. Each square represents a storage cube measuring 4 ft fo 5 # (1.22 m to 1.52 m) on a side. Actual load heights can vary from approximately

18 in. (0.46 m) up 1o 10 fi (3.05 m). Therefore, there could be as few as one load or as many as six or seven loads between in-rack
epnnklers that are gpaced 10 it (3.05 m) apan vertically.

FIGURE 17.2.1.2(e) 25 ft (7.6 m) Storage; <5 ft (1.5 m) Clearance to Ceiling. (See
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0.30 gomyit? per 2000 f2
{12.2 mm/min per 186 m2)

Stito 106 (1.5 mto 3.1 m) ceiling clearance
See Notes 1,2, and 3

8 1t (2.44 m) maximum babwean sprinklars

i
Moles:

1. Two lavels of in-rack sprinklers ['% in. or " in. (127 mmor 13.5 mm)
operating at 15 psi (1.03 bar) minimum] installed on 8 f to 10 H#{2.4 m
to 3.1 m) spacings located as indicated and staggered in the
lransverse flue space.

2. Ceiling-only protestion shall not be permitled for this storage
configuration except where K-16.8 spray sprinklers listed for storage
use are installad. In-rack sprinklers shall not be required, provided
the ceiling sprinkler discharge criterion is increased to 0.8 gpmdts
(326 mm'min) over 2000 2 (186 m2) for wet systems and 4500 ft2
{418 m?) for dry systems and the ceiling height in the protected area
does not exceed 301 (9.1 m).

3. Each sguare represents a storage cube measuning 4 f o 58 (1.22 m
to 1.52 m} on a side, Actual load heights can vary from approximately
18 in. (46 m) up to 10 i {3.05 m), Therefore, there could be as few
as one |oad or as many as ik or seven loads between in-rack
sprinklers that are spaced 10 ft {3.05 m) apart vertically.

FIGURE 17.2.1.2(f) 25 ft (7.6 m) Storage; 5 ft to 10 ft (1.5 m to 3.1 m) Clearance to
Ceiling. (See Note 2.)
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17.2.1.3 Single-, Double-, and Multiple-Row Racks Up to 10 ft (3.1 m) Storage with Up
to 10 ft (3.1 m) Clearance. The protection strategies utilizing only ceiling sprinklers, as
shown in Figure 17.2.1.2(a), shall be acceptable for single-, double-, and multiple-row rack
storage.

17.2.1.4 Single- and Double-Row Rack Storage Greater Than 10 ft (3.1 m) Up to 15 ft
(4.6 m) with Up to 10 ft (3.1 m) Clearance. The protection strategy utilizing only ceiling
sprinklers, as shown in Figure 17.2.1.2(b), shall be acceptable only for single- and
double-row rack storage.

17.2.1.5 Single- and Double-Row Rack Storage Greater Than 10 ft (3.1 m) Up to 15 ft
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(4.6 m) with Clearance from 5 ft to 10 ft (1.5 m to 3.1 m), and Single- and Double-Row
Rack Storage Up to 20 ft (6.1 m) with Less Than 5 ft (1.5 m) Clearance. The protection
strategies utilizing only ceiling sprinklers, as shown in Figure 17.2.1.2(b) and Figure

17.2.1.2(c), shall be acceptable only for single- and double-row rack storage.

17.2.1.6 Multiple-Row Racks — 15 ft (4.6 m) Storage with Less Than 5 ft (1.5 m)
Clearance. Where using the protection strategy utilizing only ceiling sprinklers, as shown in
Figure 17.2.1.2(b), for multiple-row rack storage, the density to be used shall be 0.6 gpm/fi2
(24.5 mm/min) over 2000 ft2 (186 m2). The combination of ceiling and in-rack sprinklers
specified in Figure 17.2.1.2(b) shall be permitted as an alternative.

17.2.1.7 Multiple-Row Racks — 15 ft (4.6 m) Storage with 10 ft (3.1 m) Clearance, and
20 ft (6.1 m) Storage with Up to 10 ft (3.1 m) Clearance. The protection strategies
utilizing only ceiling sprinklers, as shown in Figure 17.2.1.2(b) through Figure 17.2.1.2(d),
shall not be permitted for multiple-row rack storage. Only the specified combinations of
ceiling and in-rack sprinklers shall be used.

17.2.1.8* The minimum water supply requirements for a hydraulically designed occupancy
hazard fire control sprinkler system shall be determined by adding the hose stream allowance
from Table 17.2.1.8 to the water supply for sprinklers determined in 17.2.1. This supply shall
be available for the minimum duration specified in Table 17.2.1.8. (See Section C.8.)

Table 17.2.1.8 Hose Stream Allowance and Water Supply Duration Requirements for R
and Including 25 ft (7.6 m) in Height

Storage Height Inside Hose
Commodity
Classification ft m gpm L/min
Plastic >5up to 20 >1.5upto 6.1 0, 50, or 100 0,190, or 3
>20 up to 25 >6.1 up to 7.6 0, 50, or 100 0,190, or 3

17.2.2 Large Drop Sprinklers and Specific Application Control Mode Sprinklers for
Rack Storage of Plastics Commodities Stored Up to and Including 25 ft (7.6 m) in
Height.

17.2.2.1 Protection of single-, double-, and multiple-row rack storage without solid shelves
for unexpanded plastic commodities shall be in accordance with Table 17.2.2.1(a) and Table

17.2.2.1(b).

Table 17.2.2.1(a) Large Drop Sprinkler Design Criteria for Single-, Double-, and Multij
Commodities Stored Up to and Including 25 ft (7.6 1

Maximum Number of |
Maximum Ceiling/ Roof Sprinklers/M
Storage Height Height Pressui
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for unexpanded plastic commodities shall be in accordance with Table 17.2.2.1(a) and Table

17.2.2.1(b).

Table 17.2.2.1(a) Large Drop Sprinkler Design Criteria for Single-, Double-, and Multij
Commodities Stored Up to and Including 25 ft (7.6 1

Maximum Number of |
Maximum Ceiling/ Roof Sprinklers/M
Storage Height Height Pressu
Nominal Type of
Commodity Class K-Factor ft m ft m System /psi
Cartoned or exposed 11.2 Wet 15/50
unexpanded plastics (161) 20 6.1 25 76 Dry N/A
Wet 30/50
Cartoned or exposed 11.2 Dry N/A
unexpanded plastics (161) 20 6.1 30 o1 Wet 20/75
Dry N/A
Wet 15/50 + 1
Cartoned or exposed 11.2 level of
unexpanded plastics (161) 25 76 30 91 in-rack
Dry N/A
Wet 30/50 + 1
level of
in-rack
Cartoned or exposed 11.2 Dry N/A
unexpanded plastics (161) 25 76 35 10.7 Wet 20/75+1
level of
in-rack
Dry N/A

Table 17.2.2.1(b) Specific Application Control Mode [16.8 K-factor (242)] Sprink
Multiple-Row Racks Without Solid Shelves of Plastics Commodities Stored Up

Maximum Storage | Maximum Building Number of Desig:
Height Height Minimum Oper:
10 psi
Commodity Class ft m ft m Type of System (0.7 bar)
Cartoned or exposed 25 7.6 30 9.1 Wet —
unexpanded plastics

17.2.2.2 Where in-rack sprinklers are required by Table 17.2.2.1(a) and Table 17.2.2.1(b),
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in-rack sprinkler spacing, design pressure, and hydraulic calculation criteria shall be in
accordance with the requirements of 17.2.4 as applicable for the commodity.

17.2.2.3 Protection shall be provided as specified in Table 17.2.2.1(a) and Table 17.2.2.1(b)
or appropriate NFPA standards in terms of minimum operating pressure and the number of
sprinklers to be included in the design area.

17.2.2.4 Open Wood Joist Construction.

17.2.2.4.1 Where large drop K-11.2 (161) sprinklers are installed under open wood joist
construction, their minimum operating pressure shall be 50 psi (3.4 bar).

17.2.2.4.2 Where each joist channel of open, wood joist construction is fully fire-stopped to
its full depth at intervals not exceeding 20 ft (6.1 m), the lower pressures specified in Table
17.2.2.1(a) shall be permitted to be used.

17.2.2.5 The design area shall be a rectangular area having a dimension parallel to the
branch lines at least 1.2 times the square root of the area protected by the number of
sprinklers to be included in the design area. Any fractional sprinkler shall be included in the
design area.

17.2.2.6 Hose stream allowance and water supply duration requirements shall be in
accordance with those for extra hazard occupancies in Table 17.2.2.1(a) and Table
17.2.2.1(b).

17.2.2.7 Preaction Systems.

17.2.2.7.1 For the purpose of using Table 17.2.2.1(a) and Table 17.2.2.1(b), preaction
systems shall be classified as dry pipe systems.

17.2.2.8 Building steel shall not require special protection where Table 17.2.2.1(a) or Table
17.2.2.1(b) is applied as appropriate for the storage configuration.

17.2.3* Early Suppression Fast-Response (ESFR) Sprinklers for Rack Storage of
Plastics Commodities Stored Up to and Including 25 ft (7.6 m) in Height.

17.2.3.1 Protection of single-, double-, and multiple-row rack storage of cartoned or
uncartoned unexpanded plastic and cartoned expanded plastic shall be in accordance with
Table 17.2.3.1.

Table 17.2.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Plastics Com1

in Height
Maximum
Maximum Ceiling/ Roof (
Storage Height Height
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation p
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Table 17.2.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Plastics Comr

in Height
Maximum
Maximum Ceiling/ Roof (
Storage Height Height
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation p
Single-row, Cartoned 14.0 Upright or 5
double-row, and unexpanded (201) pendent
multiple-row rack 16.8 Upright/ 3
(no open-top (242) Pendent
containers) 25 7.6 22 4 Pend
. endent 2
(322)
25.2 Pendent 1
(363)
14.0 Upright or 5
(201) pendent
16.8 Upright/ 3
(242) Pendent
30 o1 22.4 Pendent 2
(322)
25.2 Pendent 1
(363)
14.0 Upright or 7
(201) pendent
16.8 Upright/ 5
(242) Pendent
20 6.1 35 107 22.4 Pendent 3
(322)
25.2 Pendent 2
(363)
14.0 Pendent 7
(201)
16.8 Pendent 5
(242)
40 12.2
224 Pendent 4
(322)
25.2 Pendent 2
(363)
14.0 Pendent 9
(201)
16.8 Pendent 6
45 13.7 (242)
' 22.4 Pendent 4
(322)
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Table 17.2.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Plastics Comr

in Height
Maximum 1
Maximum Ceiling/ Roof (
Storage Height Height
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation p
J. FCIIacIt 4
(363)
14.0 Upright or 5
(201) pendent
16.8 Upright/ 3
(242) Pendent
30 o1 22.4 Pendent 2
(322)
25.2 Pendent 1
(363)
14.0 Upright or 6
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Table 17.2.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Plastics Comr

in Height
Maximum
Maximum Ceiling/ Roof
Storage Height Height
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation
0 9.8 (201) pen'dent
16.8 Upright/
(242) Pendent
14.0 Upright or
(201) pendent
16.8 Upright/
(242) Pendent
10.
35 0.7 22.4 Pendent
25 7.6 (322)
25.2 Pendent
(363)
14.0 Pendent
(201)
16.8 Pendent
(242)
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Table 17.2.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Plastics Comr

in Height
Maximum
Maximum Ceiling/ Roof (
Storage Height Height
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation p
o el 22.4 Pendent 4
(322)
25.2 Pendent 2
(363)
14.0 Pendent 9
(201)
16.8 Pendent 6
45 13.7 (242)
22.4 Pendent 4
(322)
25.2 Pendent 4
(363)
Exposed 14.0 Pendent 5
unexpanded (201)
25 76 16.8 Pendent 3
(242)
14.0 Pendent 5
(201)
30 o1 16.8 Pendent 3
(242)
14.0 Pendent 7
(201)
20 6.1 35 10.7 16.8 Pendent 5
(242)
14.0 Pendent 7
(201)
40 122 16.8 Pendent 5
(242)
14.0 Pendent 9
(201)
45 13.7
16.8 Pendent 6
(242)
14 Pendent 5
(201)
30 o1 16.8 Pendent 3
(242)
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Table 17.2.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Plastics Comr

in Height
Maximum |
Maximum Ceiling/ Roof (
Storage Height Height
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation p
14.0 Pendent 6
(201)
2 .
3 08 16.8 Pendent 4
(242)
14.0 Pendent 7
201
35 10.7 (201)
25 76 16.8 Pendent 5
' (242)
14.0 Pendent 7
(201)
16.8 Pendent 5
40 12.2 (242)
25.2 Pendent 5
(363)
14.0 Pendent 9
(201)
45 13.7
16.8 Pendent 6
(242)
Cartoned expanded 14.0 Upright or 5
)5 76 (201) pen'dent
16.8 Upright/ 3
242 P t
20 | 61 (242) enden
14.0 Upright or 5
201 t
30 | 9.1 (200 penden
16.8 Upright/ 3
(242) Pendent
14.0 Upright or 5
201 t
30 | 9.1 (200 penden
16.8 Upright/ 3
(242) Pendent
2 .
5 76 14.0 Pendent 6
201
32 9.8 (20 -
16.8 Upright/ 4
(242) Pendent

17.2.3.1.1 ESFR protection as defined shall not apply to the following:

(M
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(2) Rack storage involving combustible, open-top cartons or containers

17.2.3.2 ESFR sprinkler systems shall be designed such that the minimum operating
pressure is not less than that indicated in Table 17.2.3.1 for type of storage, commodity,
storage height, and building height involved.

17.2.3.3 The design area shall consist of the most hydraulically demanding area of 12
sprinklers, consisting of four sprinklers on each of three branch lines.

17.2.3.4 Where ESFR sprinklers are installed above and below obstructions, the discharge
for up to two sprinklers for one of the levels shall be included with those of the other level in
the hydraulic calculations.

17.2.4 In-Rack Sprinklers for Rack Storage of Plastics Commodities Stored Up to and
Including 25 ft (7.6 m) in Height.

17.2.4.1 In-Rack Sprinkler Location for Rack Storage of Plastics Commodities Stored
Up to and Including 25 ft (7.6 m) in Height. In-rack sprinklers shall be installed in
accordance with Figure 17.2.1.2(a) through Figure 17.2.1.2(f).

17.2.4.2 In-Rack Sprinkler Spacing for Rack Storage of Plastics Commodities Stored
Up to and Including 25 ft (7.6 m) in Height.

17.2.4.2.1 In-Rack Sprinkler Clearance. The minimum of 6 in. (152.4 mm) vertical clear
space shall be maintained between the sprinkler deflectors and the top of a tier of storage.

17.2.4.2.2 The spacing of in-rack sprinklers shall be in accordance with Figure 17.2.1.2(a)
through Figure 17.2.1.2(f).

17.2.4.3 In-Rack Sprinkler Water Demand for Rack Storage of Plastics Commodities
Stored Up to and Including 25 ft (7.6 m) in Height. The water demand for sprinklers
installed in racks shall be based on simultaneous operation of the most hydraulically remote
sprinklers as follows:

(1) Eight sprinklers where only one level is installed in racks

(2) Fourteen sprinklers (seven on each top two levels) where more than one level is
installed in racks

17.2.4.4 In-Rack Sprinkler Discharge Pressure for Rack Storage of Plastics
Commodities Stored Up to and Including 25 ft (7.6 m) in Height. Sprinklers in racks
shall discharge at not less than 15 psi (1 bar) for all classes of commodities. (See Section
C.19)

17.2.5 Special Design for Rack Storage of Plastics Commodities Stored Up to and
Including 25 ft (7.6 m) in Height.

17.2.5.1 Slatted Shelves.

17.2.5.1.1* Slatted rack shelves shall be considered equivalent to solid rack shelves where
the shelving is not considered open rack shelving or where the requirements of 17.2.5.1 are
not met. (See Section C.20.)
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17.2.5.1.2 A wet pipe system that is designed to provide a minimum of 0.6 gpm/ft2 (24.5
mm/min) density over a minimum area of 2000 fi2 (186 m2) or K-14.0 (201) ESFR sprinklers
operating at a minimum of 50 psi (3.5 bar), K-16.8 (242) sprinklers operating at a minimum
of 32 psi (1.7 bar), or K-25.2 (363) ESFR sprinklers operating at a minimum of 15 psi shall
be permitted to protect single-row and double-row racks with slatted rack shelving racks
where all of the following conditions are met:

(D) Sprinklers shall be K-11.2 (161), K-14.0 (201), or K-16.8 (242) orifice spray
sprinklers with a temperature rating of ordinary, intermediate, or high and shall be
listed for storage occupancies or shall be K-14.0 (201), K-16.8 (242), or K-25.2
(363) ESFR.

(2) The protected commodities shall be limited to Class I-IV, Group B plastics, Group C
plastics, cartoned (expanded and unexpanded) Group A plastics, and exposed
(unexpanded) Group A plastics.

3) Slats in slatted rack shelving shall be a minimum nominal 2 in. (38 mm) thick by
maximum nominal 6 in. (140 mm) wide with the slats held in place by spacers that
maintain a minimum 2 in. (51 mm) opening between each slat.

4) Where K-11.2 (161), K-14.0 (201), or K-16.8 (242) orifice sprinklers are used, there
shall be no slatted shelf levels in the rack above 12 ft (3.7 m). Open rack shelving
using wire mesh shall be permitted for shelf levels above 12 ft (3.7 m).

®)] Transverse flue spaces at least 3 in. (76 mm) wide shall be provided at least every 10
ft (3.1 m) horizontally.

(6) Longitudinal flue spaces at least 6 in. (152 mm) wide shall be provided for
double-row racks. Longitudinal flue spaces shall not be required when ESFR
sprinklers are used.

(7) The aisle widths shall be at least 7% ft (2.5 m).

(8) The maximum roof height shall be 27 ft (8.2 m) or 30 ft where ESFR sprinklers are
used.

) The maximum storage height shall be 20 ft (6.1 m).

(10)  Solid plywood or similar materials shall not be placed on the slatted shelves so that
they block the 2 in. (51 mm) spaces between slats, nor shall they be placed on the
wire mesh shelves.

17.3 Protection Criteria for Rack Storage of Plastics Commodities Stored Over 25 ft
(7.6 m) in Height.

17.3.1 Control Mode Density—Area Sprinkler Protection Criteria for Rack Storage of
Plastics Commodities Stored Over 25 ft (7.6 m) in Height for Single-, Double-, and
Multiple-Row Racks.

17.3.1.1% Ceiling Sprinkler Water Demand. For Group A plastic commodities in cartons,
encapsulated or nonencapsulated, ceiling sprinkler water demand in terms of density [gpm/1t?
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(mm/min)] and area of operation [ft2 (m2?)] shall be selected from Table 17.3.1.1.

Table 17.3.1.1 Control Mode Density—Area Sprinkler Discharge
Criteria for Single-, Double-, and Multiple-Row Racks of Plastics
Commodities with Storage Over 25 ft (7.6 m) in Height

Storage Height Above Top Level In-Rack Ceiling Sprinklers Density
Sprinklers
ft m gpmy/ft? mm/min
5 ft or less 1.5 m or less 0.30/2000 12.2/186 m?2
Over 5 ftupto 10 ft | Over 1.5 mup to 3.05 m 0.45/2000 18.3/186 m?

17.3.1.2 Where a single-row rack is mixed with double-row racks, either Figure 17.3.1.2(a)
or Figure 17.3.1.2(b) shall be used in accordance with the corresponding storage height.

[
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[=]

OOREREE

Elevation View Plan View

Motes:

1. Sprinklers and barriers labeled 1 shall be required where loads
labeled Aor B represent top of slorage.

2. Sprinklers labeled 1 and 2 and barriers labeled 1 shall be required
where loads labeled C represent top of storage,

3. Sprinklers and barriers labelad 1 and 3 shall be required where
lzads labeled D or E represent top of storage.

4. For storage higher than represented by loads labeled E, the cycle
defined by Noles 2 and 3 is repeated,

5. Symbal A or x indicates face sprinklers on vertical or horizontal
stagger,

6. Symbeol o indicates longitudinal flue space sprinklers.

7. Each square represents a storage cube measuring 4 ftto 5 {122 m
to 1.53 m) on a side, Actual load heights can vary from approximately
18in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as
one load or as many as six oF Séven loads bebwean in-rack sprinklers
that are spaced 10 ft (3.05 m) apart vertically.

FIGURE 17.3.1.2(a) In-Rack Sprinkler Arrangement, Group A Plastic Commodities,
Storage Height Over 25 ft (7.6 m) — Option 1.
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Motes:

1. Sprinkiers labeled 1 shall be required where lcads labeled Aor B
represant top of slorage.

2. Sprinkiers labeled 1 and 2 shall be required where loads labeled
C represent top of storage.

3. Sprinkiers labeled 1 and 3 shall be required whare loads labeled [
or E represent top of storage.

4. For storage higher than loads labeled F the cycle defimed by
Notes 2 and 3 is repeated.

5. Symbol x indicates face and in-rack sprinklers.

6. Each square represents a storage cube measuring 4 ftlo 5 {1.22 m
fo 1.53 m) on a side. Actual load heights can vary from approximately
18 in. (046 m) up to 10 f (3.05 m). Therefare, there coukl be as few as
one load or a8 many a8 ik of sevan loads betwaean in-rack sprinklees
that are spaced 10 f (3.05 m) apart vertically.

FIGURE 17.3.1.2(b) In-Rack Sprinkler Arrangement, Group A Plastic Commodities,

Storage Height Over 25 ft (7.6 m) — Option 2.

17.3.1.2.1 Figure 17.3.1.2.1(a) through Figure 17.3.1.2.1(c) shall be permitted to be used
for the protection of the single-row racks.
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Plan View
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Elevation View

Mate: Each square represents a storage cube measuring 4 fllo 5 ft
(1.22 mto 1.53 m) on a side. Actual load heights can vary from
approximately 18 in. (.46 m) up to 10 ft (3.05 m}. Therafore, there
could be as few as one load o as many as six or seven loads batweean
in-rack sprinkiers that are spaced 10 ft (3.05 m) apart vertically,

FIGURE 17.3.1.2.1(a) In-Rack Sprinkler Arrangement, Group A Plastic
Commodities, Single-Row Racks, Storage Height Over 25 ft (7.6 m) — Option 1.
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Plan View
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Elevation View

Mate: Each square represents a slorage cube measuring 4 fi fo 5 ft
(1.22 mto 1.53 m) on a side. Actual load heights can vary from
approximately 18 in. (0.46 m) up 1o 10 ft (3.05 m). Therafore, thera
could be as few as one load or as many as six or seven loads between
in-rack sprinklers that are spaced 10 ft (3.05m) apart vertically,

FIGURE 17.3.1.2.1(b) In-Rack Sprinkler Arrangement, Group A Plastic
Commodities, Single-Row Racks, Storage Height Over 25 ft (7.6 m) — Option 2.
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Maote: Each square represents a slorage cube measuring 4 it o 5 ft
(1.22 m 10 1.53 m) on a side. Actual load heights can vary from
approximately 18 in. (.46 m) up to 10 ft (3.05 m). Tharafore, there
could be as few as one load or as many as six or seven loads babween
in-rack sprinkiers that are spaced 10 ft (3.05 m) apart vertically,

FIGURE 17.3.1.2.1(c) In-Rack Sprinkler Arrangement, Group A Plastic
Commodities, Single-Row Racks, Storage Height Over 25 ft (7.6 m) — Option 3.

17.3.1.3 The minimum water supply requirements for a hydraulically designed occupancy
hazard fire control sprinkler system shall be determined by adding the hose stream allowance
from Table 17.3.1.3 to the water supply for sprinklers determined in Section 17.3. This
supply shall be available for the minimum duration specified in Table 17.3.1.3.

Table 17.3.1.3 Hose Stream Allowance and Water Supply Duration Requirements
Commodities Stored Above 25 ft (7.6 m) in Height

Total Cor

Storage Height Inside Hose On
Commodity Classification ft m gpm L/min gpm
Plastic >25 >7.6 0, 50, 100 0, 190, 380 500

17.3.1.4 For Group A plastic commodities that are exposed and unexpanded, encapsulated
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or unencapsulated, that are permitted to be protected in accordance with one of the in-rack
options of 17.3.4.1.3, the ceiling sprinkler water demand in terms of density and area of
operation shall be selected from Table 17.3.1.1.

17.3.2 Large Drop Sprinklers and Specific Application Control Mode Sprinklers for
Rack Storage of Plastics Commodities Stored Over 25 ft (7.6 m) in Height. (Reserved)

17.3.3* Early Suppression Fast-Response (ESFR) Sprinklers for Rack Storage of
Plastics Commodities Stored Over 25 ft (7.6 m) in Height.

17.3.3.1 Protection of single-, double-, and multiple-row rack storage of cartoned or
uncartoned unexpanded plastic shall be in accordance with Table 17.3.3.1.

Table 17.3.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Plastics Cor

Maximum I\
Maximum Ceiling/ Roof (
Storage Height Height

Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation P

Copyright NFPA



Table 17.3.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Plastics Cor

Maximum
Maximum Ceiling/ Roof (
Storage Height Height
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation p
Single-row, Cartoned 14.0 Upright or 7
Double-row, and | unexpanded (201) pendent
Multiple-row 16.8 Upright 5
0Rack (No 35 10.7 (242) Pendent
pen-top 22.4 Pendent 3
containers) (322)
25.2 Pendent 2
(363)
14.0 Pendent 7
(201)
16.8 Pendent 5
30 9.1 40 12.2 (242)
224 Pendent 4
(322)
25.2 Pendent 2
(363)
14.0 Pendent 9
(201)
16.8 Pendent 6
45 13.7 (242)
224 Pendent 4
(322)
25.2 Pendent 4
(363)
14.0 Pendent 7
(201)
16.8 Pendent 5
40 12.2 (242)
25.2 Pendent 2
(363)
14.0 Pendent 9
35 10.7 201)
16.8 Pendent 6
45 13.7 (242)
224 Pendent 4
(322)
25.2 Pendent 4
(322)
14.0 Pendent 9
AN\
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Table 17.3.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Plastics Cor

Maximum
Maximum Ceiling/ Roof (
Storage Height Height
Storage Nominal
Arrangement Commodity ft m ft m K-Factor Orientation p
\=vTJ
16.8 Pendent
40 12.2 45 13.7 (242)
' ' 22.4 Pendent 4
(322)
25.2 Pendent 4
(322)
Exposed 14.0 Pendent 7
unexpanded (201)
10.
35 0.7 16.8 Pendent 5
(242)
14.0 Pendent 7
(201)
16.8 Pendent 5
30 9.1 40 12.2 (242)
25.2 Pendent 5
(322)
14.0 Pendent 9
(201)
4 13.
5 37 16.8 Pendent 6
(242)
14.0 Pendent 7
(201)
16.8 Pendent 5
40 12.2 (242)
25.2 Pendent 5
35 10.7 (322)
14.0 Pendent 9
(201)
4 13.
5 37 16.8 Pendent 6
(242)
14.0 Pendent 9
(201)
4 12.2 4 13.
0 5 37 16.8 Pendent 6
(242)

17.3.3.1.1 ESFR protection as defined shall not apply to the following:
(1) Rack storage involving solid shelves

(2) Rack storage involving combustible, open-top cartons or containers
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17.3.3.2 ESFR sprinkler systems shall be designed such that the minimum operating
pressure is not less than that indicated in Table 17.3.3.1 for type of storage, commodity,
storage height, and building height involved.

17.3.3.3 The design area shall consist of the most hydraulically demanding area of 12
sprinklers, consisting of four sprinklers on each of three branch lines.

17.3.3.4 Where required by Table 17.3.3.1, one level of K-8.0 quick-response,
ordinary-temperature in-rack sprinklers shall be installed at the tier level closest to but not
exceeding '2 of the maximum storage height. In-rack sprinkler hydraulic design criteria shall
be the most hydraulically remote eight sprinklers at 50 psi (3.4 bar). In-rack sprinklers shall
be located at the intersection of the longitudinal and transverse flue space. Horizontal
spacing shall not be permitted to exceed 5 ft (1.5 m) intervals.

17.3.3.5 Where ESFR sprinklers are installed above and below obstructions, the discharge
for up to two sprinklers for one of the levels shall be included with those of the other level in
the hydraulic calculations.

17.3.4 In-Rack Sprinklers for Rack Storage of Plastics Commodities Stored Over 25 ft
(7.6 m) in Height.

17.3.4.1 In-Rack Sprinkler Location for Rack Storage of Plastics Commodities Stored
Over 25 ft (7.6 m) in Height.

17.3.4.1.1 In double-row racks without solid shelves and with a maximum of 10 ft (3.1 m)
between the top of storage and the ceiling, in-rack sprinklers shall be installed in accordance
with Figure 17.3.1.2(a) or Figure 17.3.1.2(b). The highest level of in-rack sprinklers shall be
not more than 10 ft (3.1 m) below the top of storage.

17.3.4.1.2 In single-row racks without solid shelves with storage height over 25 ft (7.6 m)
and a maximum of 10 ft (3.1 m) between the top of storage and the ceiling, sprinklers shall
be installed as indicated in Figure 17.3.1.2.1(a), Figure 17.3.1.2.1(b), or Figure 17.3.1.2.1(c).

17.3.4.1.3* In multiple-row racks without solid shelves with storage height over 25 ft (7.6
m) and a maximum of 10 ft (3.1 m) between the top of storage and the roof/ceiling, in-rack
sprinklers shall be installed as indicated in Figure 17.3.4.1.3(a) through Figure 17.3.4.1.3(f).
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Note: Each square represents a storage cube measuring 4 ft to 5t (1.22 m to 1.52 m) on a side. Actual load heights can vary from approximately
18.in. {0.46 m) up to 10 ft (3.05 m). Therefora, there could be as few as one load or as many as six or seven loads batween in-rack sprinklers tha
are spaced 10 f (3.05 m) apart verically,

FIGURE 17.3.4.1.3(a) In-Rack Sprinkler Arrangement, Cartoned Plastic and
Uncartoned Unexpanded Plastic, Multiple-Row Racks, Storage Height Over 25 ft (7.6
m) — Option 1 [10 ft (3.05 m) Maximum Spacing].
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Elevation View

Mote: Each square represents a slorage cube measuning 4 filo 5 ft (1.22 mto 1.53 m) on
a side. Actual load heights can vary from approximately 18 in. (0.46 m) up to 10 it {3.05 m).
Therelore, there could be as few as one load or as many as six or seven loads belwean
in-rack sprinkiers that are spaced 10 ft (3.05 m) apart vertically,
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FIGURE 17.3.4.1.3(b) In-Rack Sprinkler Arrangement, Cartoned Plastic and
Uncartoned Unexpanded Plastic, Multiple-Row Racks, Storage Height Over 25 ft (7.6
m) — Option 2 [10 ft (3.05 m) Maximum Spacing].
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Mote: Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m to 1.52 m) on a side. Actual load heights can vary from approximately
18 in. {046 m) up to 10 ft (3.05 m). Tharefore, there could be as few as one load o as many as six o seven loads between in-rack sprinklers that
are spaced 10 1 (2.05 m) apart verfically,

FIGURE 17.3.4.1.3(c) In-Rack Sprinkler Arrangement, Cartoned Plastic and
Uncartoned Unexpanded Plastic, Multiple-Row Racks, Storage Height Over 25 ft (7.6
m) — Option 1 [5 ft (1.52 m) Maximum Spacing].
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Elevation View

Mote: Each square represents a storage cube measuring 4 fito 5/ {1.22 m to 1.52 m)
on a side. Actual load heights can vary from approximately 18in. (0.46 m) up to 10t
(3.05 m). Therefore, there could be as few as one load or as many as Six or Seven
loads between in-rack sprinklers that are spaced 10 f (3.05 m) apart verticalky.

FIGURE 17.3.4.1.3(d) In-Rack Sprinkler Arrangement, Cartoned Plastic and
Uncartoned Unexpanded Plastic, Multiple-Row Racks, Storage Height Over 25 ft (7.6
m) — Option 2 [5 ft (1.52 m) Maximum Spacing].
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Maote: Each square represents a slorage cube measuring 4 it o 5 ft
(1.22 m 10 1.53 m) on a side. Actual load heights can vary from
approximately 18 in. (.46 m) up to 10 ft (3.05 m). Tharafore, there
could be as few as one load or as many as six or seven loads babween
in-rack sprinklers that are spaced 10 ft (3.05 m) apart vertically,

FIGURE 17.3.4.1.3(e) In-Rack Sprinkler Arrangement, Cartoned Plastic and
Uncartoned Unexpanded Plastic, Multiple-Row Racks, Storage Height Over 25 ft (7.6
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Maote: Each square represents a storage cube measuring 4 ftto 5 fi
(1.22 mto 1.53 m) on a side. Actual load heights can vary from
approximately 18 in. (0.46 m) up to 10 ft (3.05 m). Therefors, there
could be as few as one lead or as many as six or seven loads between
in-rack sprnkiers that are spaced 10 ft (3,08 m) apart vertically.

FIGURE 17.3.4.1.3(f) In-Rack Sprinkler Arrangement, Cartoned Plastic and
Uncartoned Unexpanded Plastic, Multiple-Row Racks, Storage Height Over 25 ft (7.6
m) — Option 4 [5 ft (1.52 m) Maximum Spacing].

17.3.4.1.4 In single-row and double-row racks without solid shelves with storage height
over 25 ft (7.6 m) with aisles greater than 4 ft (1.2 m), in-rack sprinklers shall be located in
accordance with Figure 17.3.4.1.4 and the ceiling sprinklers shall be designed for 0.45
gpmV/ft2 (18.3 mm/min) over a minimum design area of 2000 ft2 (186 m2).
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FIGURE 17.3.4.1.4 In-Rack Sprinkler Arrangement, Cartoned Expanded and
Unexpanded Plastic and Uncartoned Unexpanded Plastic Commodities, Single- and
Double-Row Racks, Storage Height Over 25 ft (7.6 m).

17.3.4.2 In-Rack Sprinkler Spacing for Rack Storage of Plastics Commodities Stored
Over 25 ft (7.6 m) in Height.

17.3.4.2.1 In-rack sprinklers for storage higher than 25 ft (7.6 m) in double-row racks shall
be spaced horizontally and shall be located in the horizontal space nearest the vertical
intervals specified in Figure 17.3.1.2(a) or Figure 17.3.1.2(b).

17.3.4.2.2 The minimum of 6 in. (152.4 mm) vertical clear space shall be maintained
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between the sprinkler deflectors and the top of a tier of storage.

17.3.4.3 In-Rack Sprinkler Water Demand for Rack Storage of Plastics Commodities
Stored Over 25 ft (7.6 m) in Height. The water demand for sprinklers installed in racks
shall be based on simultaneous operation of the most hydraulically remote sprinklers as
follows:

(1) Eight sprinklers where only one level is installed in racks

(2) Fourteen sprinklers (seven on each top two levels) where more than one level is
installed in racks

17.3.4.4 In-Rack Sprinkler Discharge Pressure for Rack Storage of Plastics
Commodities Stored Over 25 ft (7.6 m) in Height. Sprinklers in racks shall discharge at
not less than 30 gpm (113.6 L/min).

Chapter 18 Protection of Rubber Tire Storage

18.1 General.
The requirements of Chapter 12 shall apply unless modified by this chapter.

18.2 Columns Within Rubber Tire Storage.
18.2.1 Where fireproofing is not provided, steel columns shall be protected as follows:

(1) Storage exceeding 15 ft through 20 ft (4.6 m through 6 m) in height — one sidewall
sprinkler directed to one side of the column at a 15 ft (4.6 m) level

(2) Storage exceeding 20 ft (6.1 m) in height — two sidewall sprinklers, one at the top
of the column and the other at a 15 ft (4.6 m) level, both directed to the side of the
column

18.2.2 The flow from a column sprinkler(s) shall be permitted to be omitted from the
sprinkler system hydraulic calculations.

18.2.3 The protection specified in 18.2.1(1) and 18.2.1(2) shall not be required where
storage in fixed racks is protected by in-rack sprinklers.

18.2.4 The protection specified in 18.2.1 shall not be required where ESFR or large drop
sprinkler systems that are approved for rubber tire storage are installed.

18.2.5 The rate of water supply shall be sufficient to provide the required sprinkler
discharge density over the required area of application plus provision for generation of
high-expansion foam and in-rack sprinklers where used.

18.3 Water Supplies.
Total water supplies shall be in accordance with the following options:

(D) A minimum of not less than 750 gpm (2835 L/min) for hose streams in addition to
that required for automatic sprinklers and foam systems. Water supplies shall be

Copyright NFPA



capable of supplying the demand for sprinkler systems and hose streams for not less

than 3 hours.

(2) For on-floor storage up to and including 5 ft (1.5 m) in height, hose stream
requirements shall be permitted to be 250 gpm (946 L/min) with a water supply

duration of not less than 2 hours.

(3)  For ESFR and large drop sprinkler systems approved for rubber tire storage, duration
and hose allowance shall be in accordance with Table 18.4(c) and Table 18.4(d).

18.4* Ceiling Systems.

Sprinkler discharge and area of application shall be in accordance with Table 18.4(a) for
standard spray sprinklers. Large drop and ESFR sprinklers shall be in accordance with Table

18.4(c) and Table 18.4(d), respectively.

Table 18.4(a) Protection Criteria for Rubber Tire Storage Using Control Mode

Sprinkler Discharge Den

(gpm/ft?)
Piling Method Piling Height (ft) (see Note 1)
(1) On-floor storage Upto5 0.19
(a) Pyramid piles, on-side Over 5 to 12 0.30
(b) Other arrangements such that no horizontal channels Over 12 to 18 0.60
are formed (see Note 2)
(2) On-floor storage Upto5 0.19
Tires on-tread Over 5 to 12 0.30
(3) Palletized portable rack storage Upto5 0.19
On-side or on-tread Over 5 to 20 See Table 18.4(b)
Over 20 to 30 0.30 plus high-expansion ft
(4) Palletized portable rack storage on-side Upto5 0.19
Over 5 to 20 See Table 18.4(b)
Over 20 to 25 0.60 and
0.90 (see Note 3) or
0.75 with 1-hour fire-resist
rating of roof and ceiling
assembly
(5) Open portable rack storage, on-side or on-tread Upto5 0.19
Over 5 to 12 0.60
Over 12 to 20 0.60 and
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Table 18.4(a) Protection Criteria for Rubber Tire Storage Using Control Mode

Sprinkler Discharge Den

(gpm/ft?)
Piling Method Piling Height (ft) (see Note 1)
(6) Single-, double-, and multiple-row fixed rack storage Up to 5 0.19
on pallets, on-side, or on-tread without shelves Over 5 to 20 See Table 18.4(b) or
0.40 plus one level in-rack
sprinklers or
0.30 plus high-expansion f«
Over 20 to 30 0.30 plus high-expansion ft

(7) Single-, double-, and multiple-row fixed rack storage Up to 5
without pallets or shelves, on-side or on-tread

Over 5to 12
Over 12 to 20

Over 20 to 30

0.19

0.60

0.60 and

0.90 (see Note 3) or

0.40 plus one level in-rack
sprinklers or

0.30 plus high-expansion f«
0.30 plus high-expansion fc

For SI units, 1 ft = 0.3048 m; 1 ft2 = 0.0929 m2; 1 gpm/ft? = 40.746 mm/min.

Notes:

(1) Sprinkler discharge densities and areas of application are based on a maximum clearance of 10 ft (3.1 m) t
maximum available height of storage. The maximum clearance is noted from actual testing and is not a definit
(2) Laced tires on-floor, vertical stacking on-side (typical truck tires), and off-road tires. Laced tires are not stc
method due to the damage inflicted on the tire (i.e., bead).

(3) Water supply shall fulfill both requirements.

(4) Shelf storage of rubber tires shall be protected as solid rack shelving.

Table 18.4(b) Control Mode Density-Area Sprinklers System Density for
Palletized Portable Rack Storage and Fixed Rack Storage of Rubber

Tires with Pallets, Over 5 ft to 20 ft in Height

Sprinkler Temperature

Storage Height High Temperature Ordinary Temperature
>5 ftto 10 ft 0.32/2000 0.32/2000
>10 ft to 12 ft 0.39/2000 0.39/2600
>12 ft tol4 ft 0.45/2000 0.45/3200
>14 ft to 16 ft 0.5/2300 0.5/3700
>16 ft to 18 ft 0.55/2600 0.55/4400
>18 ft to 20 ft 0.6/3000 0.6/5000
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Palletized Portable Rack Storage and Fixed Rack Storage of Rubber
Tires with Pallets, Over 5 ft to 20 ft in Height

Sprinkler Temperature
Storage Height High Temperature Ordinary Temperature

Table 18.4(c) Large Drop Sprinklers and Sprinkler Protection for

Number of Sprinklers and Minimum
Piling Method Pile Height Operating Pressures (see Note 2) Maxi

Rubber tire storage, on-side or Upto25 ft (7.6 m) 15 sprinklers at 75 psi (5.2 bar) (see Note 3)
on-tread, in palletized portable racks,
or open portable racks, or fixed racks
without solid shelves
Notes:
(1) Wet systems only.
(2) Sprinkler operating pressures and number of sprinklers in the design are based on tests in which the cleara
deflector and the maximum height of storage.
(3) The design area shall consist of the most hydraulically demanding area of 15 sprinklers, consisting of five
include a minimum operating area of 1200 fi? (112 m2) and a maximum operating area of 1500 ft2 (139 m?2) a
| (4) Shelf storage of rubber tires shall be protected as solid rack shelving.
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Table 18.4(d) Early Suppression Fast-Response (ESFR) Sprinklers for Pro

Maximum
Building
Height
Nominal Numb
Piling Method Pile Height ft m | K-factor Orientation Sprinl
14.0 Upright or pendent 12
(201) (see N
Rubber tire storage, on-side or 16.8 Upright/ Pendent L
on-tread, in palletized portable Upto25 ft (242) (see M
30 | 9.1 22.4 Pendent LZ
racks, open portable racks, or (7.6 m)
fixed racks without solid shelves (322) (see N
Pendent LZ
25.2 (see Nt
(363)
14.0 Upright or pendent 12
(201) (see Nt
Rubber tire storage, on-side, in 168 Pendent .
. (242) (see N
palletized portable racks, open Upto25 f (7.6 m) | 35 |10.7 4 Pendent T
portable racks, or fixed racks
without solid shelves (322) (see Ne
Pendent LZ
25.2 (see Nt
(363)
14.0 Pendent 2(
;acci(e: tires in open portable steel Upto25ft (7.6m) | 30 | 9.1 (12;)18) — (see Notes
(242)
Rubber tire storage, on-side, in Upto25ft(7.6m) | 40 |12.2 14.0 Pendent LZ
palletized portable racks (201)
16.8 Pendent
(242)

Notes:
(1) Wet systems only.

(2) The shape of the design area shall be in accordance with 14.4.3 and 14.4.4.
(3) Where used in this application, ESFR protection is expected to control rather than to suppress the fire.

(4) The design area shall consist of the most hydraulically demanding area of 20 sprinklers, consisting of five :
include a minimum operating area of 1600 fi? (149 m2).

18.5 In-Rack Sprinkler System Requirements for Protection of Rubber Tires.

18.5.1 In-rack sprinklers, where provided, shall be installed in accordance with Chapter 17,
except as modified by 18.5.2 through 18.5.4.

18.5.2 The maximum horizontal spacing of sprinklers in rack shall be 8 ft (2.4 m).

Copyright NFPA




18.5.3 Water demand for sprinklers installed in racks shall be based on simultaneous
operation of the most hydraulically remote 12 sprinklers where only one level is installed in
racks.

18.5.4 Sprinklers in racks shall discharge at not less than 30 psi (2.1 bar).

18.6 Reduced Discharge Density.

Where high-expansion foam systems are installed in accordance with NFPA 11, Standard for
Low-, Medium-, and High-Expansion Foam, a reduction in sprinkler discharge density to
one-half the density specified in Table 18.4(a) or 0.24 gpm/fi2 (9.78 mm/min), whichever is
higher, shall be permitted.

Chapter 19 Protection of Roll Paper

19.1* Protection of Roll Paper Storage.
‘19.1.1 General. The requirements of Chapter 12 shall apply unless modified by this chapter.

19.1.1.1 The water supply system for automatic fire protection systems shall be designed for
a minimum duration of 2 hours.

19.1.1.1.1 For ESFR sprinklers, the water supply duration shall be 1 hour.

19.1.1.2 At least 500 gpm (1893 L/min) shall be added to the sprinkler demand for large and
small hose stream allowance.

19.1.1.2.1 For ESFR sprinklers, the hose stream allowance shall be for 250 gpm (947
L/min).

19.1.1.3 The water supply design shall include the demand of the automatic sprinkler system
plus the hose stream allowance plus, where provided, the high-expansion foam system.

19.1.1.4 Wet pipe systems shall be used in tissue storage areas.

19.1.1.5 Horizontal storage of heavyweight or mediumweight paper shall be protected as a
closed array.

19.1.1.6 Mediumweight paper shall be permitted to be protected as heavyweight paper
where wrapped completely on the sides and both ends, or where wrapped on the sides only
with steel bands. Wrapping material shall be either a single layer of heavyweight paper with a
basis weight 0of 40 1b (18.1 kg) or two layers of heavyweight paper with a basis weight of
less than 40 Ib (18.1 kg).

19.1.1.7 Lightweight paper or tissue paper shall be permitted to be protected as
mediumweight paper where wrapped completely on the sides and both ends, or where
wrapped on the sides only with steel bands. Wrapping material shall be either a single layer
of heavyweight paper with a basis weight of 40 1b (18.1 kg) or two layers of heavyweight
paper with a basis weight of less than 40 Ib (18.1 kg).

19.1.1.8 For purposes of sprinkler system design criteria, lightweight class paper shall be
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protected as tissue.

19.1.2* Protection Criteria for the Protection of Roll Paper Storage.

19.1.2.1 Control Mode Density—Area Sprinkler Protection Criteria for the Protection
of Roll Paper Storage.

19.1.2.1.1 Storage of heavyweight or mediumweight classes of rolled paper up to 10 ft (3.1
m) in height shall be protected by sprinklers designed for ordinary hazard Group 2 densities.

19.1.2.1.2 Storage of tissue and lightweight classes of paper up to 10 ft (3.1 m) in height
shall be protected by sprinklers in accordance with extra hazard Group 1 densities.

19.1.2.1.3 Sprinkler design criteria for storage of roll paper 10 ft (3.1 m) high and higher in
buildings or structures with roof or ceilings up to 30 ft (9.1 m) shall be in accordance with
Table 19.1.2.1.3(a) and Table 19.1.2.1.3(b).

Table 19.1.2.1.3(a) Control Mode Density—Area Sprinkler Protection Criteria for the Pr

or Structures with Roof or Ceilings Up to 30 ft (Discharge Densitic

Heavyweight
Standard Array Open Array
Closed
Closed Array Array
Storage Clearance | Banded or Banded or
Height (ft) (ft) Unbanded Banded | Unbanded | Banded | Unbanded | Unbanded I
10 =5 0.3/2000 0.3/2000 | 0.3/2000 | 0.3/2000 | 0.3/2000 0.3/2000 0
10 >5 0.3/2000 0.3/2000 | 0.3/2000 | 0.3/2000 | 0.3/2000 0.3/2000 0
15 =5 0.3/2000 0.3/2000 | 0.3/2000 | 0.3/2500 | 0.3/3000 0.3/2000 0
15 >5 0.3/2000 0.3/2000 | 0.3/2000 | 0.3/3000 | 0.3/3500 0.3/2000 0
20 <5 0.3/2000 0.3/2000 | 0.3/2500 | 0.45/3000 | 0.45/3500 0.3/2000 0.
20 >5 0.3/2000 0.3/2500 | 0.3/3000 | 0.45/3500 | 0.45/4000 0.3/2500 0.
25 =5 0.45/2500 | 0.45/3000 | 0.45/3500 | 0.6/2500 | 0.6/3000 0.45/3000 0
Notes:

(1) Sprinkler protection requirements for tissue stored above 20 ft have not been determined.

(2) Densities or areas, or both, shall be permitted to be interpolated between any 5 ft storage height increment.

Table 19.1.2.1.3(b) Control Mode Density—Area Sprinkler Protection Criteria for the
Structures with Roof or Ceilings Up to 9.1 m (Discharge Densi

Heavyweight
Standard Array Open Array

Closed Array Closed A

Storage Height | Clearance Banded or Bandec
(m) (m) Unbanded Banded | Unbanded | Banded | Unbanded | Unban

3.1 =1.5 12.2/185.8 12.2/185.8 | 12.2/185.8 | 12.2/185.8 | 12.2/185.8 12.2/18

3.1 >1.5 12.2/185.8 12.2/185.8 | 12.2/185.8 | 12.2/185.8 | 12.2/185.8 12.2/18

4.6 =15 12.2/185.8 12.2/185.8 | 12.2/185.8 | 12.2/232.3 | 12.2/278.7 12.2/18
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Table 19.1.2.1.3(b) Control Mode Density—Area Sprinkler Protection Criteria for the
Structures with Roof or Ceilings Up to 9.1 m (Discharge Densi

Heavyweight
Standard Array Open Array

Closed Array Closed A

Storage Height [ Clearance Banded or Bandec
(m) (m) Unbanded Banded Unbanded | Banded | Unbanded | Unbani

4.6 >1.5 12.2/185.8 12.2/185.8 | 12.2/185.8 | 12.2/278.7 | 12.2/322.2 12.2/18

6.1 =15 12.2/185.8 12.2/185.8 | 12.2/232.3 | 18.3/278.7 | 18.3/325.2 12.2/18

6.1 >1.5 12.2/185.8 12.2/232.3 | 12.2/278.7 | 18.3/325.2 | 18.3/371.6 12.2/23

7.6 =15 18.3/232.3 18.3/278.7 | 18.3/325.2 | 24.5/232.3 | 24.5/278.7 18.3/27

Notes:
(1) Sprinkler protection requirements for tissue stored above 6.1 m have not been determined.
(2) Densities or areas, or both, shall be permitted to be interpolated between any 1.5 m storage height increme

19.1.2.1.4* High-temperature sprinklers shall be used for installations protecting roll paper
stored 15 ft (4.6 m) or higher.

19.1.2.1.5 The protection area per sprinkler shall not exceed 100 ft2 (9.3 m2) or be less than
70 fi2 (6.5 m2).

19.1.2.1.6 Where high-expansion foam systems are installed in heavyweight class and
mediumweight class storage areas, sprinkler discharge design densities can be reduced to not
less than 0.24 gpm/fi2 (9.8 mm/min) with a minimum operating area of 2000 t2 (186 m?).

19.1.2.1.7 Where high-expansion foam systems are installed in tissue storage areas, sprinkler
discharge densities and areas of application shall not be reduced below those provided in
Table 19.1.2.1.3(a) and Table 19.1.2.1.3(b).

19.1.2.2 Large Drop Sprinklers and Specific Application Control Mode Sprinklers for
the Protection of Roll Paper Storage. Where automatic sprinkler system protection utilizes
large drop sprinklers, hydraulic design criteria shall be as specified in Table 19.1.2.2. Design
discharge pressure shall be 50 psi (3.4 bar). The number of sprinklers to be calculated is
indicated based on storage height, clearance, and system type.

Table 19.1.2.2 Large Drop Sprinklers for the Protection of Roll Paper Storage

Heavyweight
Storage Closed Closed
Height Clearance Array Standard Array Open Array Array
System | Banded or Banded ¢
ft m ft m Type | Unbanded | Banded | Unbanded | Banded | Unbanded | Unbande
20 6.1 <10 <3.1 W 15 15 15 15 NA 15
20 6.1 <10 <3.1 D 25 25 25 NA NA 25
26 7.9 <34 | <104 W 15 15 15 15 NA NA
26 7.9 <34 | <104 D NA NA NA NA NA NA
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Table 19.1.2.2 Large Drop Sprinklers for the Protection of Roll Paper Storage

Heavyweight
Storage Closed Closed
Height Clearance Array Standard Array Open Array Array
System | Banded or Banded ¢
ft m ft m Type | Unbanded | Banded | Unbanded | Banded | Unbanded | Unbande

W: Wet. D: Dry. NA: Not applicable.

Notes:

(1) For definition of storage height, see 3.9.2.
(2) Twenty-five large drop sprinklers @ 75 psi (5.2 bar) for closed or standard array; other arrays NA.

19.1.2.3 Early Suppression Fast-Response (ESFR) Sprinklers for the Protection of Roll
Paper Storage. Where automatic sprinkler system protection utilizes ESFR sprinklers,
hydraulic design criteria shall be as specified in Table 19.1.2.3. Design discharge pressure
shall be applied to 12 operating sprinklers.

Table 19.1.2.3 ESFR Sprinklers for the Protection of Roll Paper Storage (Max

Heavyweight
Building

Pressure Height Closed Standard 0]
ESFR System
K-Factor Orientation Type psi bar ft m ft m ft m ft
14.0 Upright or wet 50 34
(201) pendent
16.8 Upright/ Wet 35 2.4
(242) Pendent 30 |91 | 25 | 76| 25 | 76 | 25
224 Pendent Wet 25 1.7
(322)
25.2 Pendent Wet 15 1.0
(363)
14.0 Upright or Wet 75 5.2
(201) pendent
163 Upright/ Wet = 36 35 1107 30 | 9.1 30 | 9.1 30
(242) Pendent
14.0 Pendent Wet 75 5.2
(201)
16.8 Pendent Wet 52 3.6
(242) 40 122 30 | 91| 30 | 9.1 | 30
224 Pendent Wet 40 2.8
(322)
25.2 Pendent Wet 25 1.7
(363)
224 Pendent Wet 50 34
(322) _ P U n oA n
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Table 19.1.2.3 ESFR Sprinklers for the Protection of Roll Paper Storage (Max

Heavyweight
Building
Pressure Height Closed Standard 0]
ESFR System
K-Factor Orientation Type psi bar ft m ft m ft m ft
25.2 Pendent Wet 50 4 | LT T T
(363)
Chapter 20 Special Designs of Storage Protection I

20.1 General.
The requirements of Chapter 12 shall apply unless modified by this chapter.

20.2* Plastic Motor Vehicle Components.

Plastic automotive components and associated packaging material shall be permitted to be
protected in accordance with Table 20.2.

Table 20.2 K-25.2 (363) ESFR Sprinkler Design Criteria for Portable Racks (Close
Automotive Components

Number of Des

Maximum Maximum Sprinklers b

Maximum Ceiling/Roof Sprinkler Minimum Oper:

Storage Height Height Spacing? Pressure®
Type of

Commodity ft m ft m System ft2 m? psi bai

Automotive components 25 7.6 35 10.7 Wet 100 9.3 16 at 16 :

and associated 37 psi 2.5t
packaging material

2Portable rack array shall be tightly nested without any flue spaces.

bSprinkler spacing can exceed 100 ft2 (9.3 m2) where sprinklers are listed for larger spacing.

System hydraulic design shall also be capable of delivering a discharge density of 0.60 gpm/fi? over the most
dMaximum deflector distance below ceiling shall be permitted to exceed 18 in.2 where sprinklers are listed for

20.3* Sprinkler Design Criteria for Storage and Display of Class I Through Class IV
Commodities, Cartoned Non-Expanded Group A Plastics, and Non-Expanded
Exposed Group A Plastics in Retail Stores.

20.3.1 A wet pipe system designed to meet two separate design points — 0.6 gpm/fi2 (24.4
mm/min) density over 2000 fi2 (186 m?) and 0.7 gpm/ft2 (28.5 mm/min) density for the four
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hydraulically most demanding sprinklers with 500 gpm (1893 L/min) hose stream allowance
for a 2 hour duration — shall be permitted to protect single- and double-row slatted shelf
racks when the following conditions are met:

(1)  Anextended coverage sprinkler with a nominal K-factor of K-25.2 (363) listed for
storage occupancies shall be provided.

(2) Shelves shall be slatted using a 2 in. (50 mm) thick by maximum 6 in. (152 mm) wide
slat held in place by spacers that maintain a minimum 2 in. (50 mm) opening between
each slat.

3) There shall be no slatted shelf levels in the rack above nominal 12 ft (3.66 m) level.
Wire mesh (greater than 50 percent opening) shall be permitted for shelf levels above
12 ft (3.66 m).

4) Solid plywood shelving (3% ft x 8 ft 3 in.) (1.07 m by 2.51 m) shall be permissible
over the wood slats at the 5 ft (1.52 m) level.

(%) Perforated metal (open area of 40 percent or more) shall be permitted over the slatted
shelves up to the 60 in. (1.52 m) level.

(6) Other than what is allowed in this section, solid plywood or similar materials shall not
be placed on the slatted shelves.

(7) Solid veneered particleboard displays shall be permissible, provided that all flues are
maintained and only one display is installed per bay.

(8) Maximum roof height shall be 30 ft (9.14 m) in the protected area.
) Maximum storage height shall be 22 ft (6.71 m).
(10)  Aisle widths shall be a minimum of 8 ft (2.44 m).

(11)  Minimum transverse flue spaces of 3 in. every 10 ft (76 mm every 3.05 m)
horizontally shall be provided.

(12)  Minimum longitudinal flue spaces of 6 in. (152 mm) shall be provided for double-row
racks.

(13)  Storage in the aisle shall be permissible, provided the aisle storage is no more than 4
ft (1.22 m) high and a minimum clear aisle of 4 ft (1.22 m) is maintained.

20.3.2 A wet pipe system designed to meet two separate design points — 0.425 gpm/ft2
(17.3 mm/min) density over 2000 fi2 (186 m2) and 0.50 gpm/fi2 (20.4 mm/min) density for
the four hydraulically most demanding sprinklers with 500 gpm (1893 L/min) hose stream
allowance for a 2 hour duration — shall be permitted in solid steel cantilever style retail
shelving racks (gondola racks) when the following conditions are met:

(1)  Anextended coverage sprinkler with a nominal K-factor of K-25.2 (363) listed for
storage occupancies shall be provided.

(2)  The storage height shall not exceed 12 ft (3.66 m).
3) The ceiling height shall not exceed 22 ft (6.71 m) in the protected area.
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4) Gondola rack structure shall not exceed 48 in. (1.22 m) in aggregate depth or 78 in.
(1.99 m) in height.

(5 A minimum aisle of 5 ft (1.52 m) between storage shall be maintained.
(6) Rack lengths shall be no more than 70 ft (21.3 m).

20.3.3 A wet system designed to meet two separate design points — 0.425 gpm/ft2 (17.3
mm/min) density over 2000 fi2 (186 m2) and 0.50 gpm/fi2 (20.4 mm/min) density for the four
hydraulically most demanding sprinklers with 500 gpm (1893 L/min) hose stream allowance
for a 2 hour duration — shall be permitted in solid steel cantilever-style retail shelving racks
(gondola racks) when the following conditions are met:

(1)  Anextended coverage sprinkler with a nominal K-factor of K-25.2 (363) listed for
storage occupancies shall be provided.

(2) Storage height shall not exceed 15 ft (4.57 m).
3) Ceiling height shall not exceed 25 ft (7.62 m) in the protected area.

4) Gondola rack structure shall not exceed 60 in. (1.52 m) in aggregate depth or 8 ft
(2.44 m) in height.

®)) A perforated metal deck at the 8 ft (2.44 m) level shall be permissible with storage
placed on top with or without flue spaces to a maximum height from floor of 15 ft
(4.57 m).

(6) Rack lengths shall not exceed 70 ft (21.3 m).
(7) A minimum aisle space of 6 ft (1.83 m) shall be provided.

20.3.4 A wet pipe system designed to meet two separate design points — 0.45 gpm/ft?
(17.3 mm/min) density over 2000 fi2 (186 m2) and 0.55 gpm/fi2 (22.4 mm/min) density for
the four hydraulically most demanding sprinklers with 500 gpm (1893 L/min) hose stream
allowance for a 2 hour duration — shall be permitted without the use of in-rack sprinklers
when the following are met:

(1)  Anextended coverage sprinkler with a nominal K-factor of K-25.2 (363) listed for
storage occupancies shall be provided.

(2) Storage height shall not exceed 15 ft (4.57 m).
3) Ceiling height shall not exceed 20 ft 6 in. (6.25 m).

4) Shelving structure shall not exceed 48 in. (1.22 mm) aggregate depth or 12 ft (3.66
m) in height.

(%) Shelving shall be permitted to be made of solid particleboard.
(6) A minimum aisle space of 3 ft (914 mm) shall be maintained.
(7) Shelving length shall be a maximum of 70 ft (21.3 m).

20.3.5 A wet pipe system designed to meet two separate design points — 0.38 gpm/ft?
(15.5 mm/min) density over 2000 fi2 (186 m2) and 0.45 gpm/fi2 (17.3 mm/min) density for
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the four hydraulically most demanding sprinklers with 500 gpm (1893 L/min) hose stream
allowance for a 2 hour duration — shall be permitted without the use of in-rack sprinklers in
steel retail sales floor shelving racks where the following conditions are met:

(1)  Anextended coverage sprinkler with a nominal K-factor of K-25.2 (363) listed for
storage occupancies shall be provided.

(2) Storage height shall not exceed 14 ft (4.27 m).
3) Ceiling height shall not exceed 20 ft (6.1 m).

(4) Solid metal shelving shall be permissible up to the 72 in. (1.83 mm) level and wire
shelving shall be permissible up to the 10 ft (3.05 m) level.

&) The solid metal shelving shall not exceed 66 in. (1.68 m) in aggregate depth with a 6
in. (152 mm) longitudinal flue between two 30 in. (762 mm) deep shelves.

(6) A minimum aisle space of 5 ft (1.52 m) shall be maintained.
(7) A minimum longitudinal flue of 6 in. (152 mm) shall be maintained.
(8) Rack length shall be a maximum of 70 ft (21.3 m).

20.3.6 A wet pipe system designed to meet two separate design points — 0.49 gpm/ft2 (20
mm/min) density over 2000 fi2 (186 m2) and 0.55 gpm/fi2 (22.4 mm/min) density for the four
hydraulically most demanding sprinklers with 500 gpm (1893 L/min) hose stream allowance
for a 2 hour duration — shall be permitted without the use of in-rack sprinklers in retail solid
shelved steel rack structure when the following conditions are met:

(1)  Anextended coverage sprinkler with a nominal K-factor of K-25.2 (363) listed for
storage occupancies shall be provided.

(2) Storage height shall not exceed 16.5 ft (5.03 m).
3) Ceiling height shall not exceed 22 ft (6.71 m).

(4) Shelving structure shall not exceed 51 in. (1.3 m) aggregate depth or 148 in. (3.76 m)
in height.

&) The intersection of perpendicular steel racks shall be permissible as long as no
storage is placed within the void space at the junction of the racks.

(6) The top shelf shall be wire mesh.

(7) A minimum aisle width of 4 ft (1.22 m) shall be maintained between shelf units and
other displays.

20.4 Protection of Baled Cotton Storage.
20.4.1 General. The requirements of Chapter 12 shall apply unless modified by this chapter.

20.4.1.1 The total water supply available shall be sufficient to provide the recommended
sprinkler discharge density over the area to be protected, plus a minimum of 500 gpm (1893
L/min) for hose streams.
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20.4.1.2 Water supplies shall be capable of supplying the total demand for sprinklers and
hose streams for not less than 2 hours.

20.4.2 Control Mode Density—Area Sprinkler Protection Criteria for Baled Cotton
Storage.

20.4.2.1 For tiered or rack storage up to a nominal 15 ft (4.6 m) in height, sprinkler
discharge densities and areas of application shall be in accordance with Table 20.4.2.1.

Table 20.4.2.1 Baled Cotton Storage Up to and
Including 15 ft (4.6 m)

Baled Cotton Storage Up to
and Including 15 ft

System Type Tiered Storage Rack Storage Untiered Storage
Wet 0.25/3000 0.33/3000 0.15/3000
Dry 0.25/3900 0.33/3900 0.15/3900

20.4.2.2 Where roof or ceiling heights would prohibit storage above a nominal 10 ft (3.1 m),
the sprinkler discharge density shall be permitted to be reduced by 20 percent of that
indicated in Table 20.4.2.1 but shall not be reduced to less than 0.15 gpm/ft? (6.1 mm/min).

Chapter 21 Special Occupancy Requirements

21.1 General.
21.1.1 Application.

21.1.1.1 In addition to the requirements of Chapter 8, and Chapter 11 through 21 and
Chapter 22, the following special occupancy requirements shall apply. All provisions of
design criteria in this standard, including design area increases and reductions, shall also
apply to these special occupancy requirements.

21.1.1.2 Where the requirements of the reference standard differ from the requirements of
this standard, the reference standard shall take precedence.

21.1.2 Definitions. For terms not defined in Chapter 3, the definitions of the reference
standard shall apply.

21.2 Flammable and Combustible Liquids.

21.2.1 Design Requirements. Sprinkler system discharge criteria for the protection of
flammable and combustible liquids shall comply with NFPA 30, Flammable and Combustible
Liquids Code.

21.2.2 Installation Requirements. (Reserved)

21.3 Aerosol Products.
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21.3.1 Design Requirements. Sprinkler system discharge criteria for the protection of
aerosol products shall comply with NFPA 30B, Code for the Manufacture and Storage of
Aerosol Products.

21.3.2 Installation Requirements. (Reserved)

21.4 Standard for Spray Application Using Flammable or Combustible Materials.
21.4.1 Design Requirements.

21.4.1.1* The automatic sprinkler system shall be a wet pipe system, a dry pipe system, a
preaction system, or an open-head deluge system, whichever is most appropriate for the
portion of the spray operation being protected. [33:9.4.1]

21.4.1.2 The automatic sprinkler system shall be designed for Extra Hazard (Group 2)
occupancies.

Exception:

For spray application of styrene cross-link thermoset resins, Section 17.3 of NFPA 33 shall
apply.
[33:9.4.2]

21.4.1.3 The water supply shall be sufficient to supply all sprinklers likely to open in any one
fire incident without depleting the available water for use in hose streams. [33:9.4.3]

21.4.1.4 Where sprinklers are installed to protect spray areas and mixing rooms only, water
shall be permitted to be supplied from domestic water systems provided the domestic supply
can meet the design criteria of 21.4.1.2. [33:9.4.4]

21.4.1.5 The sprinkler system for each spray area and mixing room shall be controlled by a
separate, listed indicating valve(s), operable from the floor. [33:9.4.5]

21.4.1.6 Resin application areas shall be protected by an automatic sprinkler system that is
designed for at least ordinary hazard (Group 2) occupancies. [33:17.3]

21.4.2 Installation Requirements.

21.4.2.1* Sprinklers protecting spray areas and mixing rooms shall be protected against
overspray residue, either by location or covering, so that they will operate quickly in event of
fire. [33:9.4.7]

21.4.2.2 Sprinklers shall be permitted to be covered only by cellophane bags having a
thickness of 0.003 in. (0.08 mm) or less or by thin paper bags. These coverings shall be
replaced frequently so that heavy deposits of residue do not accumulate. [33:9.4.7.1]

21.5 Solvent Extraction Plants.
21.5.1* Design Requirements.

21.5.2 Installation Requirements. (Reserved)
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21.6 Installation and Use of Stationary Combustion Engines and Gas Turbines.

21.6.1* Design Requirements. Automatic sprinkler systems shall be designed to provide for
a density of 0.3 gpm/ft? (12.2 L/min/m?) over the most remote 2500 t2 (230 m?).
[37:11.4.5.1]

21.6.2 Installation Requirements.
21.6.2.1 Sprinklers shall be spaced at a 100 ft2 (9 m?) maximum. [37:11.4.5.1.1]

21.6.2.2 System coverage shall be provided to all areas within the enclosure located within
20 ft (6 m) of the engine, lubricating oil system, or fuel system. [37:11.4.5.1.2]

21.6.2.3 Sprinklers and water spray nozzles shall not be directed at engine components that
are susceptible to thermal shock or deformation. [37:11.4.5.2]

21.7 Nitrate Film.
21.7.1 Design Requirements.

21.7.1.1 Every room, except projection booths and rewinding rooms, where nitrate film is
stored or handled in quantities greater than 51 1b (23 kg), or 10 standard rolls, shall be
protected by an automatic sprinkler system that is designed in accordance with the
requirements for Group II extra hazard occupancies. [40:5.1.2]

21.7.1.2 Water supplies for automatic sprinklers shall be based on 20 gpm (1.26 L/sec) per
sprinkler for 20 minutes for the total number of sprinklers in one vault plus 25 percent of the
sprinklers in the communicating fire area. [40:5.2.2]

21.7.2 Installation Requirements.

21.7.2.1 In areas or rooms where nitrate film is handled, the area that is protected per
sprinkler shall not exceed 64 ft2 (6 m?) with sprinklers and branch lines not being more than
8 ft (2.4 m) apart. [40:5.1.4]

21.7.2.2 Cabinet Protection. [40:6.2.5]

21.7.2.2.1 Cabinets having a capacity of more than 34 kg (75 1b), or 15 standard rolls, of
film shall be provided with at least one automatic sprinkler head. [40:6.2.5.1]

21.7.2.2.2 Where cans are stored on more than one shelf, as shown in Figure 21.7.2.2.2 and
as described in 6.2.6.2 or 6.2.6.3 of NFPA 40, Standard for the Storage and Handling of
Cellulose Nitrate Film, one sprinkler shall be provided for each shelf. [40:6.2.5.2]
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FIGURE 21.7.2.2.2 Standard Film Cabinet for Other Than Extended Term Storage
Film. [40:Figure 6.2.1]

21.7.2.3* Vaults Other Than Extended Term Storage Vaults. [40:6.3] (See Figure
A.21.7.2.3.)

21.7.2.3.1 Sprinkler protection utilizing regular automatic sprinklers or open sprinklers shall
be calculated on the basis of one sprinkler for each 62.5 ft3 (1.8 m3) of the interior vault
volume. [40:6.3.7.1]

21.7.2.3.2 The minimum number of sprinklers for a standard 750 ft3 (21 m3) vault shall be
not less than 12. [40:6.3.7.2]

21.7.2.3.3*% Sprinklers or nozzles shall be arranged to provide coverage over the tops and
fronts of shelves. [40:6.3.7.3]

21.7.2.3.4 Where automatic sprinklers are used, barriers made of No. 24 U.S. gauge sheet
steel or other acceptable noncombustible material shall be installed between each sprinkler.
Barriers shall be fastened rigidly in place and shall extend from the ceiling down to 4 in. (100
cm) below the sprinkler deflectors. [40:6.3.7.4]

21.7.2.4 Extended Term Storage Vaults. (See Figure 21.7.2.4.)
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FIGURE 21.7.2.4 Extended Term Storage Vault. [40:Figure A.6.5]
21.7.2.4.1 Sprinklers shall be provided in a ratio of one head for each 63.6 ft3 (1.8 m3) of
vault volume.

Exception:

Sprinkler systems in existing extended term storage vaults that were in compliance with the
provisions of NFPA 40, Standard for the Storage and Handling of Cellulose Nitrate Film,
at the time of installation shall be permitted to be continued in use. [40:6.5.6.1]

21.7.2.4.2 The minimum number of sprinkler heads for a 1000 ft3 (28 m3) vault shall be 15
sprinklers.

Exception:

Sprinkler systems in existing extended term storage vaults that were in compliance with the
provisions of NFPA 40, Standard for the Storage and Handling of Cellulose Nitrate Film,
at the time of installation shall be permitted to be continued in use. [40:6.5.6.2]

21.7.2.4.3 Directional sprinkler heads that will provide coverage into the face of the shelves
shall be provided. [40:6.5.6.3]

21.7.2.5 Motion Picture Film Laboratories. In all cases, sprinklers shall be arranged so
that not more than two machines are protected by any one sprinkler head. [40:9.2.5.2]

21.8 Storage of Pyroxylin Plastic.
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21.8.1 Design Requirements.

21.8.1.1 The water supply for automatic sprinklers shall be based on the number of
sprinklers liable to be affected in any fire section between fire walls or fire-resistive
partitions. It shall be assumed that any of the following numbers of sprinklers can be affected
and the condition giving maximum flow used as a basis:

(1)  All sprinklers in a vault

(2)  All sprinklers in a tote box storeroom

3) Three-fourths of the sprinklers in a finished-stock storeroom

(4)  All sprinklers in a section of an isolated storage building [42:4.4.3.1]

21.8.1.2 The water supply for an automatic sprinkler system shall be based on a flow of 20
gpm (76 Lpm) per sprinkler for 20 minutes, with a minimum rate of flow of 500 gpm (1900
Lpm). Such flow shall be with an effective pressure at the top line of sprinklers of not less
than 40 psi (276 kPa). [42:4.4.3.2]

21.8.2 Installation Requirements. See Figure 21.8.2(a) and Figure 21.8.2(b).

i i =F:.I;.i=b;la; ;;r-'lk Scupper
i Rope to k
' .1};/' :a:'rc;':ltl:'rﬂ-::l;mnwpI 5 L o - rs
S " {, . 5%
T s
13 7in. A 3N Izgf_i“-l é%}”l
@1 m | 3 ik ///JEIE'
T Galvanized /g,n
iren baffles / -]
% T 20 U5 gauge - b -
-
/% a ) Scupper
L i
T / Wﬁ%ﬁﬂﬁﬁfﬂ
Control vahve
15 fi (4.6 m)

15in, Vent
i (15 &m) {38 cm) \<
kS
I R, ?
4 = 7
) T
7 Door |
. /' cpaning |,
?ﬂsm./. :
23m) / &
% - £
| L3
i ﬁ/}///f//}.a A

3-in. (7.B-cm) concrete sill

Copyright NFPA



FIGURE 21.8.2(a) Raw Stock Storage Vault Showing General Arrangement of
Sprinklers, Racks, and Baffles. [42:Figure 6.3.3.7(a)]
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FIGURE 21.8.2(b) Details of Storage Racks in Raw Stock Storage Vault. [42:Figure

6.3.3.7(b)]

21.8.2.1 Where sprinkler systems are provided for isolated storage buildings per 5.4.3 of
NFPA 42, Code for the Storage of Pyroxylin Plastic, sprinklers shall be spaced so that there
is one sprinkler per 32 ft2 (3 m2). [42:5.4.3]

21.8.2.2 Sprinklers in buildings used for storage of loose scrap shall be installed in the ratio

of one sprinkler for each 1000 Ib (4

Exception:

54 kg) of storage.

The ratio in 21.8.2.2 shall not apply if the scrap is in tanks or other receptacles kept filled

with water. [42:5.4.4]

21.8.2.3 Cabinets holding over 50 Ib (23 kg) of pyroxylin plastic shall be equipped with at
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least one automatic sprinkler. If divided into two or more compartments, they shall have at
least one automatic sprinkler in each compartment. [42:6.2.10]

21.8.2.4 Vaults Containing Pyroxylin Plastic.

21.8.2.4.1 Vaults shall be equipped with automatic sprinklers in a ratio of one sprinkler to
each 834 Ib (378 kg) of pyroxylin plastic or one sprinkler to each 125 ft3 (3.5 m3) of total
vault space. [42:6.4.1]

21.8.2.4.2 A vault that is divided into two or more sections shall have at least one automatic
sprinkler in each section. [42:6.4.2]

21.8.2.4.3 Cabinets holding over 50 Ib (23kg) of pyroxylin plastic shall be equipped with at
least one automatic sprinkler. If divided into two or more compartments, they shall have at
least one automatic sprinkler in each compartment. [42:6.4.5]

21.8.2.5 Tote-Box Storeroom for Pyroxylin Plastic. Sprinkler protection provided for the
tote box storeroom shall consist of one sprinkler in the center of the aisle immediately in
front of the dividing partition between each pair of sections. Proper baffles shall be provided
between heads. [42:6.7.9] [See Figure 21.8.2.5(a) and Figure 21.8.2.5(b).]
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Automatically opening windows
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FIGURE 21.8.2.5(b) Tote Box Storeroom Showing Arrangement of Sprinklers and
Baffles and Section of Tote Box Storage Rack. [42:Figure 6.7.7]

21.8.2.6 Finished Stock Storeroom for Pyroxylin Plastic. See Figure 21.8.2.6.
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[42:Figure 6.8(a)]
21.8.2.6.1 Automatic sprinklers shall be installed with proper baffles between sprinklers in
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the center of the aisle opposite each section. [42:6.8.7]

21.8.2.6.2 Special Rooms for Stock in Shipping Cases. The special room shall be
protected by automatic sprinklers, with at least one sprinkler for each 64 ft2 (6 m2).
[42:6.9.4]

21.9 Laboratories Using Chemicals.
21.9.1 Design Requirements.

21.9.1.1 An automatic sprinkler system protection shall be required for all new laboratories
in accordance with the following:

(1)  Automatic sprinkler system protection for Class A and Class B laboratories shall be
in accordance with ordinary hazard (Group 2) occupancies.

(2)  Automatic sprinkler system protection for Class C and Class D laboratories shall be
in accordance with ordinary hazard (Group 1) occupancies. [45:6.2.1.1]

21.9.2 Installation Requirements. (Reserved)

21.10 Oxygen-Fuel Gas Systems for Welding, Cutting, and Allied Processes.
21.10.1 Design Requirements.

21.10.1.1 The total gas capacity of acetylene or nonliquefied flammable gas in one storage
area shall be permitted to be increased to 141.5 m3 (5000 ft3) in cylinder storage areas that
are protected by an automatic sprinkler system and water supply designed in accordance with
NFPA 13, Standard for the Installation of Sprinkler Systems, furnishing a sprinkler
discharge density of at least (10 L/min)/m2 [(0.25 gal/min)/ft2] over a minimum operating
area of at least 297 m2 (3000 ft2) with sprinklers located not more than 6.1 m (20 ft) above
the floor where the cylinders are stored. [51:4.3.2]

21.10.2 Installation Requirements.

21.10.2.1 In buildings protected by an automatic sprinkler system and water supply designed
in accordance with NFPA 13, Standard for the Installation of Sprinkler Systems, for an
ordinary hazard or more hazardous occupancy, where the occupancy other than the cylinder
storage is not more hazardous than ordinary hazard as defined in NFPA 13, the distance
between storage areas shall be permitted to be reduced to 15.2 m (50 ft). If the occupancy in
such protected buildings between the storage areas is free of combustible material, the
distance shall be permitted to be reduced to 7.6 m (25 ft). [51:4.3.4]

21.11 Acetylene Cylinder Charging Plants.
21.11.1 Design Requirements.

21.11.1.1 Where an automatic sprinkler system is required per NFPA 51A, Standard for
Acetylene Cylinder Charging Plants, it is permitted to be an extra hazard (Group 1) open or
closed head sprinkler system. [51A:9.2.2]

21.11.2 Installation Requirements. (Reserved)
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21.12 Storage, Use, and Handling of Compressed Gases and Cryogenic Fluids in
Portable and Stationary Containers, Cylinders, and Tanks.

21.12.1 Design Criteria.

21.12.1.1 When sprinkler protection is provided for areas in which compressed gases or
cryogenic fluids are stored or used, the system shall be designed for ordinary hazard, Group
2, with a minimum design area of 3000 ft2 (278.7 m2). [55:6.10.2.1]

21.12.1.2 When sprinkler protection is provided for areas in which the flammable or
pyrophoric compressed gases or cryogenic fluids are stored or used, the system shall be
designed for extra hazard, Group 1, with a minimum design area of 2500 ft2 (232.25 m?).
[55:6.10.2.2]

21.12.2 Installation Requirements. (Reserved)

21.13 Utility LP-Gas Plants.
21.13.1 Design Requirements.

21.13.1.1 The design of fire water supply and distribution systems, if required by NFPA 59,
Utility LP-Gas Plant Code, shall provide for the simultaneous supply of those fixed fire
protection systems involved in the maximum single incident expected in the plant, including
monitor nozzles, at their design flow and pressure. An additional supply of 1000 gal/min (63
L/sec) shall be available for hand hose streams for a period of not less than 2 hours. Manually
actuated monitors shall be permitted to be used to augment hand hose streams. [59:13.4.2]

21.13.2 Installation Requirements. (Reserved)

21.14 Production, Storage, and Handling of Liquefied Natural Gas (LNG).

21.14.1 Design Requirements. The fire water supply and distribution systems, if required by
NFPA 59A, Standard for the Production, Storage, and Handling of Liquefied Natural Gas
(LNG), shall simultaneously supply water to fixed fire protection systems, including monitor
nozzles, at their design flow and pressure, involved in the maximum single incident expected
in the plant plus an allowance of 1000 gpm (63 L/sec) for hand hose streams for not less than
2 hours. [59A:12.5.2]

21.14.2 Installation Requirements. (Reserved)

21.15 Protection of Information Technology Equipment.
21.15.1 Design Requirements. (Reserved)
21.15.2 Installation Requirements.

21.15.2.1 Sprinkler systems protecting information technology equipment areas shall be
valved separately from other sprinkler systems. [75:8.1.3]

21.16 Standard on Incinerators, and Waste and Linen Handling Systems and
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Equipment.

21.16.1 Design Requirements. (Reserved)

21.16.2 Installation Requirements.

21.16.2.1* Waste and Linen Chutes and Transport Systems. [82:5]
21.16.2.1.1 Gravity Linen Chute. [82:5.2.6.1]

21.16.2.1.1.1 Gravity chutes shall be protected internally by automatic sprinklers.
[82:5.2.6.1.1]

21.16.2.1.1.2 This protection requires that a sprinkler be installed at or above the top
service opening of the chute. [82:5.2.6.1.2]

21.16.2.1.1.3 Chute Sprinkler Protection. Automatic sprinklers installed in gravity chute
service openings shall be recessed out of the chute area through which the material travels.
[82:5.2.6.1.3]

21.16.2.1.1.4 In addition, a sprinkler shall be installed within the chute at alternate floor
levels in buildings over two stories in height, with a mandatory sprinkler located at the
lowest service level. [82:5.2.6.1.4]

21.16.2.1.2 Chute Room Automatic Sprinklers. Automatic sprinklers shall be installed in
chute terminal rooms. [82:5.2.7.2]

21.16.2.1.3 Gravity Pneumatic Trash or Linen Conveying Systems. [82:5.4]

21.16.2.1.3.1 Chute Automatic Sprinklers. Where material is to be stored at the bottom of
the chute and above the riser discharge damper (above the transport tee), automatic
sprinklers shall be installed below the last service door on the chute. [82:5.4.2.3]

21.16.2.1.3.2 Automatic sprinklers shall be installed in chute discharge rooms.
[82:5.4.2.4.3]

21.16.2.2 Waste Compactors. [82:7]

21.16.2.2.1 All chute-fed compactors shall have an automatic special fine-water spray
sprinkler with a minimum %2 in. (13 mm) orifice installed in the hopper of the compactor.
[82:7.2.1]

21.16.2.2.1.1 Sprinklers shall be ordinary temperature-rated sprinklers. [82:7.2.1.1]

21.16.2.2.1.2 A cycling (on-off), self-actuating, snap-action, heat-actuated sprinkler shall be
permitted to be used, or the sprinkler shall be permitted to be controlled by a temperature
sensor operating a solenoid valve [82:7.2.1.4]

21.16.2.2.2 Hand-fed compactors located within a building and not operated in conjunction
with a chute shall not require installation of an automatic sprinkler in the hopper. [82:7.2.2]

21.17 Standard for Ovens and Furnaces.

21.17.1 Design Requirements. (Reserved)
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21.17.2 Installation Requirements.

21.17.2.1 Where automatic sprinklers are provided, they shall be installed in accordance
with NFPA 13, unless otherwise permitted by 21.17.2.2.

21.17.2.2 Where sprinklers that protect ovens only are installed and connection to a reliable
fire protection water supply is not feasible, a domestic water supply connection shall be
permitted to supply these sprinklers subject to the approval of the authority having
jurisdiction. [86: 14.2.2]

21.17.2.3 Where sprinklers are selected for the protection of ovens, furnaces, or related
equipment, the use of closed-head sprinkler systems shall be prohibited and only deluge
sprinkler systems shall be used where the following condition exist:

(1) In equipment where temperatures can exceed 625°F (329°C)
(2) Where flash fire conditions can occur[86: 13.3.3]

21.18 Industrial Furnaces Using a Special Process Atmosphere.
21.18.1 Design Requirements. (Reserved)

21.18.2 Installation Requirements. Where sprinkler systems are provided per NFPA 86,
Standard for Ovens and Furnaces, sprinklers shall be of extra high-temperature rating
[325°F to 650°F (163°C to 343°C] to avoid premature operation from localized flashing.
[86A:18.1.2(b)]

L]
21.19 Class A Hyperbaric Chambers.
21.19.1 Design Requirements.

21.19.1.1 In chambers that consist of more than one chamber compartment (lock), the
design of the deluge system shall meet the requirements of 20.2.5.2 of NFPA 99, Standard
for Health Care Facilities, when the chamber compartments are at different depths
(pressures). [99:20.2.5.2.1]

21.19.1.2 The deluge system in different compartments (locks) shall operate independently
or simultaneously. [99:20.2.5.2.2]

21.19.1.3 Fixed deluge systems shall not be required in chamber compartments that are used
strictly as personnel transfer compartments (locks), and for no other purposes.
[99:20.2.5.2.3]

21.19.1.4*% Manual activation and deactivation deluge controls shall be located at the
operator's console and in each chamber compartment (lock) containing a deluge system.
[99:20.2.5.2.4]

21.19.1.5 Controls shall be designed to prevent unintended activation. [99:20.2.5.2.4.1]

21.19.1.6 Water shall be delivered from the fixed discharge nozzles as specified in 21.19.1.8
within 3 seconds of activation of any affiliated deluge control. [99:20.2.5.2.5]
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21.19.1.7*% Average spray density at floor level shall be not less than 2 gpm/ft? (81.5
L/min/m?2) with no floor area larger than 10.76 ft2 (1 m?) receiving less than 1 gpm/ft2 (40.75
L/min/m?). [99:20.2.5.2.6]

21.19.1.8 There shall be water available in the deluge system to maintain the flow specified
in 21.19.1.7 simultaneously in each chamber compartment (lock) containing the deluge
system for 1 minute. [99:20.2.5.2.7]

21.19.1.9 The limit on maximum extinguishment duration shall be governed by the chamber
capacity (bilge capacity also, if so equipped) and/or its drainage system. [99:20.2.5.2.7.1]

21.19.1.10 The deluge system shall have stored pressure to operate for at least 15 seconds
without electrical branch power. [99:20.2.5.2.8]

21.19.2 Installation Requirements. (Reserved)

21.20 Life Safety Code.

21.20.1 Features of Fire Protection.
21.20.1.1 Design Requirements. (Reserved)
21.20.1.2 Installation Requirements.

21.20.1.2.1 Atriums. Glass walls and inoperable windows shall be permitted in lieu of the
fire barriers where all the following are met:

(D) Automatic sprinklers are spaced along both sides of the glass wall and the inoperable
window at intervals not to exceed 72 in. (1830 mm).

(2) The automatic sprinklers specified in 21.20.1.2.1(1) are located at a distance from the
glass wall not to exceed 12 in. (305 mm) and arranged so that the entire surface of
the glass is wet upon operation of the sprinklers.

3) The glass wall is of tempered, wired, or laminated glass held in place by a gasket
system that allows the glass framing system to deflect without breaking (loading) the
glass before the sprinklers operate.

4) The automatic sprinklers required by 21.20.1.2.1(1) are not required on the atrium
side of the glass wall and the inoperable window where there is no walkway or other
floor area on the atrium side above the main floor level. [101:8.6.7(1)(c)]

21.20.2 Special Structures and High-Rise Buildings.
21.20.2.1 Design Criteria.

21.20.2.1.1 High-rise buildings shall be protected throughout by an approved, supervised
automatic sprinkler system in accordance with NFPA 701, Life Safety Code, Section 9.7. A
sprinkler control valve and a waterflow device shall be provided for each floor.
[101:11.8.2.1]

21.20.3 New Assembly Occupancies. (Reserved)
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21.20.4 Existing Assembly Occupancies. (Reserved)

21.20.5 New Educational Occupancies. (Reserved)

21.20.6 Existing Educational Occupancies. (Reserved)

21.20.7 New Day-Care Occupancies. (Reserved)

21.20.8 Existing Day-Care Occupancies. (Reserved)

21.20.9 New Health Care Occupancies. (Reserved)

21.20.10 Existing Health Care Occupancies. (Reserved)

21.20.11 New Ambulatory Health Care Occupancies. (Reserved)
21.20.12 Existing Ambulatory Health Care Occupancies. (Reserved)
21.20.13 New Detention and Correctional Occupancies. (Reserved)
21.20.14 Existing Detention and Correctional Occupancies. (Reserved)
21.20.15 One- and Two-Family Dwellings. (Reserved)

21.20.16 Lodging or Rooming Houses.

21.20.16.1 Design Requirements. (Reserved)

21.20.16.2 Installation Requirements.

21.20.16.2.1 In buildings sprinklered in accordance with NFPA 13, closets that contain
equipment such as washers, dryers, furnaces, or water heaters shall be sprinklered regardless
of'size. [101:26.3.6.3.5]

21.20.16.2.2 In existing lodging or rooming houses, sprinkler installations shall not be
required in closets not exceeding 24 t2 (2.2 m?) and in bathrooms not exceeding 55 t2 (5.1
m?). [101:26.3.6.3.6]

21.20.17 New Hotels and Dormitories.
21.20.17.1 Design Requirements. (Reserved)
21.20.17.2 Installation Requirements.

21.20.17.2.1 The provisions for draft stops and closely spaced sprinklers in NFPA 13 shall
not be required for openings complying with NFPA 101, Life Safety Code, 8.6.8.2, where
the opening is within the guest room or guest suite. [101:28.3.5.4]

21.20.17.2.2 Listed quick-response or listed residential sprinklers shall be used throughout
guest rooms and guest room suites. [101:28.3.5.6]

21.20.18 Existing Hotels and Dormitories.
21.20.18.1 Design Requirements. (Reserved)
21.20.18.2 Installation Requirements.

21.20.18.2.1 In guest rooms and in guest room suites, sprinkler installations shall not be
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required in closets not exceeding 24 t2 (2.2 m?) and in bathrooms not exceeding 55 t2 (5.1
m2). [101:29.3.5.5]

21.20.19 New Apartment Buildings.
21.20.19.1 Design Requirements. (Reserved)
21.20.19.2 Installation Requirements.

21.20.19.2.1 In buildings sprinklered in accordance with NFPA 13, closets less than 12 fi2
(1.1 m?) in area in individual dwelling units shall not be required to be sprinklered. Closets
that contain equipment such as washers, dryers, furnaces, or water heaters shall be
sprinklered regardless of size. [101:30.3.5.4]

21.20.19.2.2 Listed quick-response or listed residential sprinklers shall be used throughout
all dwelling units. [101:30.3.5.6]

21.20.19.2.3 The draft stop and closely spaced sprinkler requirements of NFPA 13 shall not
be required for convenience openings complying with NFPA 701, 8.6.8.2, where the
convenience opening is within the dwelling unit. [701:30.3.5.5]

21.20.20 Existing Apartment Buildings.
21.20.20.1 Design Requirements. (Reserved)
21.20.20.2 Installation Requirements.

21.20.20.2.1 In individual dwelling units, sprinkler installation shall not be required in
closets not exceeding 24 ft? (2.2 m2) and in bathrooms not exceeding 55 ft2 (5.1 m2). Closets
that contain equipment such as washers, dryers, furnaces, or water heaters shall be
sprinklered regardless of size. [101:31.3.5.4]

21.20.20.2.2 The draft stop and closely spaced sprinkler requirements of NFPA 13 shall not
be required for convenience openings complying with NFPA 701, 8.6.8.2, where the
convenience opening is within the dwelling unit. [701:31.3.5.5]

21.20.21 New Residential Board and Care Occupancies. (Reserved)
21.20.22 Existing Residential Board and Care Occupancies.
21.20.22.1 Design Requirements. (Reserved)

21.20.22.2 Installation Requirements.

21.20.22.2.1 Standard response sprinklers shall be permitted for use in hazardous areas in
accordance with NFPA /01, 33.2.3.2. [101:33.2.2.2.4]

21.20.22.2.2 In prompt and slow evacuation facilities, where an automatic sprinkler system
is in accordance with NFPA 13 sprinklers shall not be required in closets not exceeding 24 ft2
(2.2 m?) and in bathrooms not exceeding 55 ft2 (5.1 m?), provided that such spaces are
finished with lath and plaster or materials providing a 15-minute thermal barrier.
[101:33.2.3.5.2.3]

21.20.23 New Mercantile Occupancies.
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21.20.23.1 Design Requirements. (Reserved)

21.20.23.2 Installation Requirements.

21.20.23.2.1 Protection of Vertical Openings. Any vertical opening shall be protected in
accordance with NFPA /01, Section 8.6, except under the following conditions:

(M

)

3)

In Class A or Class B mercantile occupancies protected throughout by an approved,
supervised automatic sprinkler system in accordance with NFPA 7101, 9.7.1.1(1),
unprotected vertical openings shall be permitted at one of the following locations:

(a) Between any two floors

(b) Among the street floor, the first adjacent floor below, and adjacent floor (or
mezzanine) above

In Class C mercantile occupancies, unprotected openings shall be permitted between
the street floor and the mezzanine.

The draft stop and closely spaced sprinkler requirements of NFPA 13 shall not be
required for unenclosed vertical openings permitted in NFPA 701, 36.3.1(1) and (2).
[101:36.3.1]

21.20.23.2.2 Rooms housing building service equipment, janitor closets, and service
elevators shall be permitted to open directly onto exit passageways, provided that the
following criteria are met:

(M

)

The required fire resistance rating between such rooms or areas and the exit
passageway shall be maintained in accordance with NFPA 701, 7.1.3.2.

Such rooms or areas shall be protected by an approved, supervised automatic
sprinkler system in accordance with NFPA 701, 9.7.1.1(1) but the exceptions in
NFPA 13 allowing the omission of sprinklers from such rooms shall not be permitted.
[101:36.4.4.6.2]

21.20.24 Existing Mercantile Occupancies.

21.20.24.1 Design Requirements. (Reserved)

21.20.24.2 Installation Requirements.

21.20.24.2.1 Protection of Vertical Openings. Any vertical opening shall be protected in
accordance with NFPA /01, Section 8.6, except under the following conditions:

(M

)

In Class A or Class B mercantile occupancies protected throughout by an approved,
supervised automatic sprinkler system in accordance with NFPA 7101, 9.7.1.1(1),
unprotected vertical openings shall be permitted at one of the following locations:

(a) Between any two floors

(b) Among the street floor, the first adjacent floor below, and adjacent floor (or
mezzanine) above

In Class C mercantile occupancies, unprotected openings shall be permitted between
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the street floor and the mezzanine.

3) The draft stop and closely spaced sprinkler requirements of NFPA 13 shall not be
required for unenclosed vertical openings permitted in NFPA 7017, 37.3.1(1) and (2).
[101:37.3.1]

21.20.24.2.2 Rooms housing building service equipment, janitor closets, and service
elevators shall be permitted to open directly onto exit passageways, provided that the
following criteria are met:

(1) The required fire resistance rating between such rooms or areas and the exit
passageway shall be maintained in accordance with NFPA 701, 7.1.3.2.

(2) Such rooms or areas shall be protected by an approved, supervised automatic
sprinkler system in accordance with NFPA 701, 9.7.1.1(1) but the exceptions in
NFPA 13 allowing the omission of sprinklers from such rooms shall not be permitted.
[101:37.4.4.6.2]

21.20.25 New Business Occupancies.

21.20.25.1 Design Requirements. (Reserved)
21.20.25.2 Installation Requirements. (Reserved)
21.20.26 Existing Business Occupancies.
21.20.26.1 Design Requirements. (Reserved)
21.20.26.2 Installation Requirements. (Reserved)
21.20.27 Industrial Occupancies. (Reserved)
21.20.27.1 Design Criteria.

21.20.27.1.1 Special Provisions — High-Rise Buildings. The automatic sprinkler
requirements of NFPA 701, 11.8.2.1, shall be required for new high-rise industrial
occupancies, except for general low hazard or special-purpose industrial occupancies.
[101:40.4]

21.20.28 Storage Occupancies. (Reserved)

21.21 Fixed Guideway Transit Systems.
21.21.1 Design Requirements. (Reserved)
21.21.2 Installation Requirements. (Reserved)

21.22 Motion Picture and Television Production Studio Soundstages and Approved
Production Facilities.

21.22.1 Design Requirements.

21.22.1.1 The requirements of NFPA 13 prohibiting obstruction to sprinkler discharge shall
not be applicable if approved mitigation techniques are employed. [140:5.2.3.1]
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21.22.1.2 The requirements of NFPA 13 prohibiting obstruction to sprinkler discharge shall
not be applicable if the building sprinkler system meets the design criteria for extra hazard
Group 2. [140:5.2.3.2]

21.22.2 Installation Requirements. (Reserved)

21.23 Animal Housing Facilities.

21.23.1 Design Requirements.

21.23.1.1 (Reserved)

21.23.2 Installation Requirements. (Reserved)

21.23.2.1 Quick-response sprinklers shall be utilized throughout the animal housing facility.
[150:9.2.3]

21.24 Water Cooling Towers.

21.24.1 Design Requirements.

21.24.1.1 Types of Systems.

21.24.1.1.1* Because the counterflow tower design lends itself to either closed- or
open-head systems, the following systems shall be permitted to be used:

(I)  Wet-pipe
(2)  Dry-pipe
3) Preaction
4) Deluge [214:5.2.2.1]

21.24.1.1.2* The open-head deluge system shall be used in crossflow towers to maximize
the water distribution and heat detection activation. [214:5.2.2.2]

21.24.1.2 Minimum Rate of Application. [241:5.2.3]

21.24.1.2.1 Under the fan decks of counterflow towers, the rate of application of water shall
be 0.5 gpm/ft? (20.4 mm/min), including fan opening. [214:5.2.3.1]

21.24.1.2.2 Under the fan decks of crossflow towers, the rate of application of water shall
be 0.33 gpm/fi2 (13.45 mm/min), including fan opening. [214:5.2.3.2]

21.24.1.2.3 Over the fill areas of crossflow towers, the rate of application of water shall be
0.5 gpnv/ft2 (20.4 mm/min). [214:5.2.3.3]

21.24.1.3 Extended Fan Decks. On towers having extended fan decks that completely
enclose the distribution basin, the discharge outlets protecting the fill area shall be located
over the basin, under the extension of the fan deck. [214:5.2.4.3]

21.24.1.3.1 These discharge outlets shall be open directional spray nozzles or other
approved spray devices arranged to discharge 0.35 gpm/fi2 (14.26 mm/min) directly on the
distribution basin and 0.15 gpm/fi2 (6.11 mm/min) on the underside of the fan deck
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extension. [214:5.2.4.3.1]

21.24.1.3.2 On towers having extended fan decks that do not completely enclose the
hot-water basin, outlets protecting the fill shall be located under the distribution basin in
accordance with 5.2.4.2.2 of NFPA 214, Standard on Water-Cooling Towers.
[214:5.2.4.3.2]

21.24.1.4 Combustible Fan Decks. For deluge systems using directional spray nozzles in
the pendent position, provisions shall be made to protect the underside of a combustible fan
deck at a minimum of 0.15 gpm/fi2 (6.11 mm/min), which shall be included as part of the
application rate specified in 5.2.3 of NFPA 214, Standard on Water-Cooling Towers.
[214:5.2.4.4]

21.24.1.5 Water Basin Covers. On film-filled towers that have solid, hot-water basin covers
over the complete basin, the discharge outlets protecting the fill area shall be permitted to be
located under the basin covers.

21.24.1.5.1 These discharge outlets shall be open directional spray nozzles or other
approved devices arranged to discharge 0.50 gpm/ft2 (20.4 mm/min) into the distribution
basin horizontally, with some of the spray splashing up and on the underside of the water
basin covers. [214:5.2.4.5.1]

21.24.1.6 Exterior Protection. Systems for exterior protection shall be designed with the
same attention and care as interior systems. [214:5.2.10.2]

21.24.1.6.1 Pipe sizing shall be based on hydraulic calculations. [214:5.2.10.2.1]

21.24.1.6.2 Water supply and discharge rate shall be based on a minimum 0.15 gpm/ft2
(6.11 mm/min) for all protected surfaces. [214:5.2.10.2.2]

21.24.1.7 Sprinkler System Water Supply.
21.24.1.7.1 Deluge Systems.

21.24.1.7.1.1* Where all cells of a cooling tower are protected by a single deluge system,
the water supply shall be adequate to supply all discharge outlets on that system.
[214:5.6.1.1]

21.24.1.7.1.2 Where two or more deluge systems are used to protect a cooling tower and
fire-resistant partitions are not provided between the deluge systems, the water supply shall
be adequate to supply all discharge outlets in the two most hydraulically demanding adjacent
systems. [214:5.6.1.2]

21.24.1.7.1.3* Where two or more deluge systems are separated by fire-resistant partitions,
the water supply shall be adequate to supply all discharge outlets in the single most
hydraulically demanding system. [214:5.6.1.3]

21.24.1.7.2 Wet, Dry, and Preaction Systems.

21.24.1.7.2.1* Where each cell of the cooling tower is separated by a fire-resistant partition,
the water supply shall be adequate to supply all discharge outlets in the hydraulically most
demanding single cell. [214:5.6.2.1]
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21.24.1.7.2.2* Where fire-resistant partitions are not provided between each cell of a
cooling tower, the water supply shall be adequate to supply all discharge outlets in the two
most hydraulically demanding adjoining cells. [214:5.6.2.2]

21.24.1.7.3 Hose Streams. Water supplies shall be sufficient to include a minimum of 500
gpm (1892.5 L/min) for hose streams in addition to the sprinkler requirements. [214:5.6.3]

21.24.1.7.4 Duration. An adequate water supply of at least a 2-hour duration shall be
provided for the combination of the water supply specified in 5.6.1 or 5.6.2 of NFPA 214,
Standard on Water-Cooling Towers, plus the hose stream demand specified in 21.24.1.7.3.
[214:5.6.4]

21.24.2 Installation Requirements.
21.24.2.1* Counterflow Towers. [214:5.2.4.1]

21.24.2.1.1 The discharge outlets shall be located under the fan deck and fan opening.
[214:5.2.4.1.1]

21.24.2.1.2 Except under the fan opening, all discharge outlets shall have deflector distances
installed in accordance with Section 8.5. [214:5.2.4.1.2]

21.24.2.1.3 Closed-head discharge outlets for dry pipe and preaction systems shall be
installed in the upright position only. [214:5.2.4.1.3]

21.24.2.2* Crossflow Towers. [214:5.2.4.2]

21.24.2.2.1 The discharge outlets protecting the plenum area shall be located under the fan
deck and in the fan opening. [214:5.2.4.2.1]

21.24.2.2.2 Discharge outlets protecting the fill shall be located under the distribution basin
on either the louver or drift eliminator side, discharging horizontally through the joist
channels. [214:5.2.4.2.2]

21.24.2.2.3 Towers with an air travel dimension longer than the maximum allowable for the
discharge device being used shall have discharge devices placed on both sides of the fill area
in each joist channel. [214:5.2.4.2.3.1]

21.24.2.2.4 The pressure at each discharge device shall be adequate to provide protection
for half of the length of the fill measured along the air travel. [214:5.2.4.2.3.2]

21.24.2.2.5 Where joist channels are wider than 2 ft (0.6 m), more than one discharge
device shall be required per joist channel. [214:5.2.4.2.4.1]

21.24.2.2.6 If the discharge device being used is listed for the width of the joist channel
being protected, one discharge device per joist channel shall be permitted to be used.
[214:5.2.4.2.4.2]

21.24.2.3* Extended Fan Decks. On towers having extended fan decks that completely
enclose the distribution basin, the discharge outlets protecting the fill area shall be located
over the basin, under the extension of the fan deck. [214:5.2.4.3]

21.24.2.4 Combustible Fan Decks. For deluge systems using directional spray nozzles in
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the pendent position, provisions shall be made to protect the underside of a combustible fan
deck at a minimum rate of 0.15 gpm/ft? (6.11 mm/min), which shall be included as part of the
application rate specified in 21.24.1.2. [214:5.2.4.4]

21.24.2.5* Water Basin Covers. On film-filled towers that have solid, hot-water basin
covers over the complete basin, the discharge outlets protecting the fill area shall be
permitted to be located under the basin covers. [214:5.2.4.5]

21.24.2.6 Valves. [214:5.2.6]

21.24.2.6.1 Shutoff valves and automatically operated water control valves, if provided,
shall be located as follows:

(1) Outside the fire-exposed area

(2)  Asclose to the cooling tower as possible to minimize the amount of pipe to the
discharge device

3) Where they will be accessible during a fire emergency [214:5.2.6.1.2]
21.24.2.6.2 Manual Release Valve. [214:5.2.6.2]

21.24.2.6.2.1 Remote manual release valves, where required, shall be conspicuously located
and accessible during a fire emergency. [214:5.2.6.2.1]

21.24.2.6.2.2 Where remote manual release valves are not required, an inspector's test valve
shall be provided for each pilot-head-operated system. [214:5.2.6.2.2]

21.24.2.7 Strainers. Strainers shall be required for systems utilizing discharge devices with
waterways of less than 0.375 in. (9.5 mm) diameter. [214:5.2.7]

21.24.2.8 Heat Detectors. Where deluge or preaction systems are used, heat detectors shall
be installed and shall be selected from either of the types in 5.2.8.1 or 5.2.8.2 of NFPA 214,
Standard on Water-Cooling Towers. [214:5.2.8]

21.24.2.8.1 In mechanical-draft towers, pilot line detectors shall be located under the fan
deck at the circumference of the fan opening and under the fan opening where necessary to
comply with the spacing requirements in 21.24.2.8.1.1. (For extended fan decks, see
5.2.8.2.3 in NFPA 214, Standard on Water-Cooling Towers.) [214:5.2.8.1.2.1(A)]

21.24.2.8.1.1 Pilot line detectors shall be spaced not more than 8 ft (2.4 m) apart in any
direction including the fan opening. Temperature ratings shall be selected in accordance with
operating conditions, but shall be no less than intermediate. [214:5.2.8.1.2.1(B)]

21.24.2.8.2 On towers having extended fan decks that completely enclose the distribution
basin, electrical heat detectors shall be located under the fan deck extension in accordance
with standard, indoor-spacing rules for the type detectors used in accordance with NFPA 72,
National Fire Alarm Code. [214:5.2.8.2.3]

21.24.2.8.2.1 Where the fan deck extension is 16 ft (4.9 m) or less and this dimension is the
length of the joist channel, then only one row of detectors centered on and at right angles to
the joist channels shall be required. Spacing between detectors shall be in accordance with
NFPA 72, National Fire Alarm Code. [214:5.2.8.2.3.1]
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21.24.2.8.2.2 On towers having extended fan decks that do not completely enclose the
hot-water basin, electrical heat detectors shall not be required under the fan deck extension.
[214:5.2.8.2.3.2]

21.24.2.8.3 Where electrical heat detectors are inaccessible during tower operation, an
accessible test detector shall be provided for each detection zone. [214:5.2.8.3]

21.24.2.8.4 Electrical heat detector components exposed to corrosive vapors or liquids shall
be protected by materials of construction or by protective coatings applied by the equipment
manufacturer. [214:5.2.8.4]

21.24.2.9 Protection for Fan Drive Motor. [214:5.2.9]

21.24.2.9.1 A water discharge outlet activated by a pilot line detector or a listed electrical
heat detector shall be provided over each fan drive motor when the motor is located so that
it is not within the protected area of the tower. [214:5.2.9.1]

21.24.2.9.2 Provision shall be made to interlock the fan motors with the fire protection
system so that the cooling tower fan motors are stopped in the cell(s) for which the system is
actuated. [214:5.2.9.2]

21.24.2.9.3 Where the continued operation of the fans is vital to the process, a manual
override switch shall be permitted to be provided to reactivate the fan when it is determined
that there is no fire. [214:5.2.9.3]

21.24.2.10 Corrosion Protection. [214:5.3]

21.24.2.10.1 Piping, fittings, hangers, braces, and attachment hardware including fasteners
shall be hot-dip galvanized steel per ASTM A 153A/ 153M, Standard Specification for Zinc
Coating (Hot Dip) on Iron and Steel Hardware, or other materials having a superior
corrosion resistance. [214:5.3.1]

21.24.2.10.1.1 Exposed pipe threads and bolts on fittings shall be protected against
corrosion. [214:5.3.1.1]

21.24.2.10.1.2 All other components shall be corrosion resistant or protected against
corrosion by a coating. [214:5.3.1.2]

21.24.2.10.2* Wax-type coatings shall not be used on devices without fusible elements.
[214:5.3.2]

21.24.2.10.3* Special care shall be taken in the handling and installation of wax-coated or
similar sprinklers to avoid damaging the coating. [214:5.3.3]

21.24.2.10.3.1 Corrosion-resistant coatings shall not be applied to the sprinklers by anyone
other than the manufacturer of the sprinklers. [214:5.3.3.1]

21.24.2.10.3.2 In all cases, any damage to the protective coating occurring at the time of
installation shall be repaired at once using only the coating of the manufacturer of the
sprinkler in an approved manner, so that no part of the sprinkler will be exposed after the
installation has been completed. [214:5.3.3.2]
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21.25 Standard for the Construction and Fire Protection of Marine Terminals, Piers,
and Wharves.

21.25.1 Design Requirements.

21.25.1.1*% For terminal buildings that do not meet the requirements of 21.25.1.2, automatic
sprinkler systems shall be designed based upon the design criteria for the protection of Group
A plastics. [307:5.4.2.1]

21.25.1.2 With the approval of the authority having jurisdiction, the requirements of
21.25.1.1 shall not apply to buildings used exclusively for the handling or storage of specific
cargoes and commodities that are defined as commodity classes less than Group A plastics
by this standard. [307:5.4.2.2]

21.25.1.3 Buildings consistent with 21.25.1.2 shall be protected in accordance with the
design criteria for the applicable commodity as required by this standard. [307:5.4.2.3]

21.25.1.4 Buildings used for the storage of hazardous materials shall be protected in
accordance with this standard and the applicable codes and standards for the type of
hazardous material being stored. [307:5.4.2.4]

21.25.2 Installation Requirements.
21.25.2.1 Piers and Wharves with Combustible Substructure.

21.25.2.1.1 Where there is danger of damage to sprinkler equipment by floating objects,
physical barriers shall be provided to exclude such objects. [307:4.3.3.1.2.2]

21.25.2.1.2 The installation requirements in 21.25.2.1.2.1, 21.25.2.1.2.1(A), and
21.25.2.1.2.1(B) are also required.

21.25.2.1.2.1* Upward Projecting Sprinklers. Where narrow horizontal channels or spaces
are caused by caps, stringers, ties, and other structural members and where the standard
upright sprinkler does not project sufficient water upward to extinguish or control fires on
the underside of the pier or wharf deck, a sprinkler that projects water upward to wet the
overhead shall be used.

(A) Location, spacing, and deflector position shall be governed by the discharge pattern of
the sprinkler and the structure being protected.

(B) The following design and installation guides shall apply where pendent sprinklers in the
upright position or old-style sprinklers are to be utilized:

(1)  The maximum coverage per sprinkler head shall be limited to 80 t2 (7.5 m2).

(2) Where spacing or arrangement of stringers constitutes typical open-joist construction
directly supporting the deck, sprinkler branch lines shall be installed between the
bents at right angles to the stringers and shall meet the following requirements:

(a) Spacing between branch lines shall not exceed 10 ft (3 m).
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(b) Sprinklers on branch lines shall be staggered and spaced not to exceed 8 ft (2.5
m) on center.

(3)*  Where crisscross construction is involved, closer spacing of sprinklers shall be
permitted as necessary to provide wetting of the entire structure.

4) The deflectors of sprinklers on lines under stringers shall be located not less than 4 in.
(100 mm) nor more than 10 in. (250 mm) below the bottom plane of the stringer, and
not more than 18 in. (450 mm) below the underside of the pier or wharf deck.

(5)* The sprinkler system shall be hydraulically designed in accordance with the
requirements of this standard and shall meet the following requirements:

(a) Sprinkler orifice shall be % in. (12.7 mm) and shall discharge at a minimum
pressure of 12.5 psi (85 kPa).

(b) Design area shall be based upon the largest area between firestops plus an
additional area embracing at least two branch lines on opposite sides of the
firestop.

(c) Minimum design area shall be not less than 5000 t2 (465 m?).
(6) The temperature rating of the sprinkler shall not exceed 165°F (74°C).

(7)  The maximum area to be protected by any one system shall be limited to 25,000 ft2
(2325 m2).

«[307:4.3.3.1.3.1]

21.26 Cleanrooms.
21.26.1 Design Requirements.

21.26.1.1*% Automatic sprinklers for cleanrooms or clean zones shall be hydraulically
designed for a density of 0.20 gpm/ft2 (8.15 L/min- m?) over a design area of 3000 fi2
(278.8 m2). [318:4.1.2.1]

21.26.1.2 Automatic sprinkler protection shall be designed and installed in the plenum and
interstitial space above cleanrooms for a density of 0.20 gpm/ft2 (8.15 L/min+ m?) over a
design area of 3000 ft2 (278.8 m2). [318:4.1.2.5]

21.26.1.2.1 Automatic sprinklers shall be permitted to be omitted if the construction and
occupancy of these spaces are noncombustible. [318:4.1.2.5.1]

21.26.1.3* Sprinklers installed in duct systems shall be hydraulically designed to provide 0.5
gpm (1.9 L/min) over an area derived by multiplying the distance between the sprinklers in a
horizontal duct by the width of the duct. [318:4.1.2.6.2]

21.26.1.3.1 Minimum discharge shall be 20 gpm (76 L/min) per sprinkler from the five
hydraulically most remote sprinklers. [318:4.1.2.6.2.1]

21.26.2 Installation Requirements.
21.26.2.1 Wet pipe automatic sprinkler protection shall be provided throughout facilities
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containing cleanrooms and clean zones. [318:4.1.1]

21.26.2.2*% Approved quick-response sprinklers shall be utilized for sprinkler installations
within down-flow airstreams in cleanrooms and clean zones. [318:4.1.2.2]

21.26.2.3* Sprinklers installed in ductwork shall be spaced a maximum of 20 ft (6.1 m)
apart horizontally and 12 ft (3.7 m) apart vertically. [318:4.1.2.6.2.2]

21.26.2.4 A separate indicating control valve shall be provided for sprinklers installed in
ductwork. [318:4.1.2.6.3]

21.26.2.5 The sprinklers shall be accessible for periodic inspection and maintenance.
[318:4.1.2.6.6]
21.27 Aircraft Hangars.

21.27.1 Design Requirements. Sprinkler systems installed in aircraft hangars shall comply
with NFPA 409, Standard on Aircraft Hangars.

21.27.2 Installation Requirements. Sprinkler systems installed in aircraft hangars shall
comply with NFPA 409, Standard on Aircraft Hangars.

21.28 Standard on Airport Terminal Buildings, Fueling Ramp Drainage, and Loading
Walkways.

21.28.1 Design Requirements.

21.28.1.1 Passenger handling areas shall be classified as ordinary hazard Group 1 occupancy
for the purpose of sprinkler system design. [415:4.5.1.3]

21.28.1.2*% Baggage, package, and mail handling areas shall be classified as ordinary hazard
Group 2 occupancy for the purpose of sprinkler system design. [415:4.5.1.4]

21.28.1.3 Other areas of the airport terminal building shall be classified based on the
occupancy of the area. [415:4.5.1.5]

21.28.2 Installation Requirements. (Reserved)

21.29 Aircraft Engine Test Facilities.
21.29.1 Design Requirements.

21.29.1.1* In engine test cells, the minimum design discharge density shall be 0.5 gpm/ft2
(0.34 L/sec/m?) of protected area. [423:7.6.3]

21.29.1.2 In engine test cells, water supplies shall be capable of meeting the largest demand
at the design rate plus hose stream demand for a period of 30 minutes. [423:7.6.4]

21.29.1.2.1 Hose stream demand shall be a minimum of 250 gpm (16 L/sec). [423:7.6.4.1]

21.29.1.2.2 The hydraulic calculation and the water supply shall be based on the assumption
that all sprinklers in the test cell are operating simultaneously. [423:7.6.4.2]

21.29.2 Installation Requirements. (Reserved)
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21.30 Code for the Storage of Liquid and Solid Oxidizers.
21.30.1 Design Requirements.

21.30.1.1* Sprinkler Protection for Class 1 Oxidizers. For the purpose of applying the
requirements of NFPA 13, Class 1 oxidizers shall be designated as follows:

(1) Class 1 oxidizers in noncombustible or combustible containers (paper bags or
noncombustible containers with removable combustible liners) shall be designated as
a Class I commodity.

(2) Class 1 oxidizers contained in fiber drums, wooden or fiber boxes or barrels, or
noncombustible containers in combustible packaging shall be designated as a Class 11
commodity

3) Class 1 oxidizers contained in plastic containers shall be designated as a Class III
commodity. [430:5.3.2]

21.30.1.2 Sprinkler Protection for Class 2 Oxidizers.

21.30.1.2.1 Sprinkler protection for Class 2 oxidizers shall be designed in accordance with
Table 21.30.1.2.1. [430:6.4.1]

Table 21.30.1.2.1 Ceiling Sprinkler Protection for Class 2 Oxidizers in Palletized or 1

Ceiling Sprinklers
Storage Height Density Area of Applica
Type of Storage ft m gpm/ft2 L/min/m?2 ft2
Palletized or bulk 8 24 0.20 8 3750
Palletized or bulk 12 3.7 0.35 14 3750
Rack 12 3.7 0.20 8 3750
Rack 16 49 0.30 12 2000

[430: Table 6.4.1]

21.30.1.2.2 Ceiling sprinklers shall be high-temperature sprinklers. [430:6.4.3]
21.30.1.2.3 Storage Protection with In-Rack Sprinklers.

21.30.1.2.3.1 In-rack sprinklers shall be quick response with an ordinary temperature rating
and have a K-factor of not less than K = 8.0. [430:6.4.4.1]

21.30.1.2.3.2 In-rack sprinklers shall be designed to provide 25 psi (172 kPa) for the six
most hydraulically remote sprinklers on each level. [430:6.4.4.2]

21.30.1.2.3.3 The in-rack sprinklers shall be 8 ft to 10 ft (2.4 m to 3.0 m) spacings in the
longitudinal flue space at the intersection of the transverse flue spaces. [430:6.4.4.3]

21.30.1.3 Sprinkler Protection for Class 3 Oxidizers.
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21.30.1.3.1 Class 3 Oxidizers Less Than 2300 Ib (1043 kg). Sprinkler design criteria for
buildings that require sprinkler protection having total quantities of Class 3 oxidizers less
than the 2300 Ib (1043 kg) shall be in accordance with the requirements of 21.30.1.3.2.
[430:7.4.1]

21.30.1.3.2 Facilities that require sprinkler protection having total quantities of Class 3
oxidizers greater than 200 1b (91 kg) but less than 2300 Ib (1043 kg) shall follow the
sprinkler design criteria in accordance with Table 21.30.1.3.2. [430: 7.4.1.1]

Table 21.30.1.3.2 Sprinkler Protection of Class 3 Oxidizers Stored in Total Quantities G
Ib (1043 kg)

Shelf Bulk or Pile B
Maximum storage height 6 ft (1.8 m) 5ft(1.5m) 1
Maximum ceiling height 25 ft (7.6 m) 25 ft (7.6 m) 2!
Aisles — pile separation 4 ft (1.2 m) min clear aisles 4 ft (1.2 m) min clear aisles 8ft(2.41
Ceiling design criteria 0.45 gpm/2000 ft2 0.35 gpm/5000 ft2 or 0.6 gpm/2000 0.65
fi2
In-rack sprinklers NP NP
Hose stream demand 500 gpm 500 gpm
Duration 120 minutes 120 minutes L.

NP: Not permitted.
[430: Table 7.4.1.1]

21.30.1.3.3 Sprinkler protection required by 21.30.1.3.3 shall be in accordance with the
requirements of Table 21.30.1.3.3. [430:7.4.2.1]

Table 21.30.1.3.3 Sprinkler Protection of Class 3 Oxidizers Stored in Total
Quantities Greater Than or Equal to 2300 Ib (1043 kg)

Bulk or Pile Rack
Maximum storage 10 ft 3 m) 10 ft 3 m)
height
Maximum ceiling 25 ft (7.6 m) NP
height
Aisles — pile 8 ft (2.4 m) min clear aisles 8 ft (2.4 m) min clear aisles
separation
Ceiling design 0.65 gpm/5000 ft2 Predominant for other commodities but
criteria not less than ordinary hazard Group II
In-rack sprinklers NP See 7.4.2.2 of NFPA 430
Hose stream demand 500 gpm 500 gpm
Duration 120 minutes 120 minutes

NP: Not permitted.
[430: Table 7.4.2.1]

21.30.1.4 Sprinkler Protection for Class 4 Oxidizers. Sprinkler protection for Class 4
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oxidizers shall be installed on a deluge sprinkler system to provide water density of 0.35
gpm/fi2 (14.4 L/min/m2) over the entire storage area. [430:8.4.1]

21.30.2 Installation Requirements.
21.30.2.1* Dry Pipe and Preaction Sprinkler Systems.

21.30.2.1.1 Dry pipe and double-interlock preaction (DIPA) sprinkler systems shall not be
permitted for protection of buildings or areas containing oxidizers. [430:4.11.3.1]

21.30.2.1.2 Dry pipe and DIPA systems shall be permitted for protection of Class 1
oxidizers in Type I through Type IV building construction and Class 2 and 3 oxidizers in
detached storage in Type I and Type II construction as specified in NFPA 5000, Building
Construction and Safety Code. [430:4.11.3.2]

21.30.2.1.3 Dry pipe and DIPA sprinkler systems shall be permitted in mercantile
occupancies when the oxidizers are stored in open air environments, such as retail garden
centers and buildings without exterior walls. For Class 3 oxidizers, the location shall be
approved by the fire chief. [430:4.11.3.3]

21.30.2.2 Fire Protection Water Supplies.

21.30.2.2.1 The water supply shall be capable of providing not less than 750 gpm (2840
L/min) where protection is by means of hose streams, or 500 gpm (1890 L/min) for hose
streams in excess of the automatic sprinkler water demand. [430:4.11.4.2]

21.30.2.2.2 Duration of the water supply shall be a minimum of 2 hours. [430:4.11.4.3]

21.30.2.3 Special In-Rack Sprinkler Protection for Class 3 Oxidizers. In-rack automatic
sprinklers shall be provided under each horizontal barrier and arranged in accordance with
21.30.2.3.2 through 21.30.2.3.9. [430:7.4.2.2.3]

21.30.2.3.1 Where required by Table 21.30.1.3.3, special in-rack sprinkler protection shall
be as shown in Figure 21.30.2.3.1. [430:7.4.2.2.1]
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FIGURE 21.30.2.3.1 Arrangement of Barriers and In-Rack Sprinklers for Special Fire
Protection Provisions. [430: Figure 7.4.2.2.1]

21.30.2.3.2 For double-row racks, two lines of in-rack sprinklers shall be provided between
the face of the rack and the longitudinal vertical barrier located in the center of the rack.
[430:7.4.2.2.3.1]

21.30.2.3.3 For single-row racks, two lines of in-rack sprinklers shall be provided between
each rack face. [430:7.4.2.2.3.2]

21.30.2.3.4 Three in-rack sprinklers shall be provided on each in-rack sprinkler line.
[430:7.4.2.2.3.3]

21.30.2.3.4.1 Two sprinklers on each line shall be spaced approximately 1'% in. (38.1 mm)
from each transverse vertical barrier. [430:7.4.2.2.3.3(A)]

21.30.2.3.4.2 One in-rack sprinkler on each in-rack sprinkler line shall be located
approximately equidistant between the transverse vertical barriers. [430:7.4.2.2.3.3(B)]
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21.30.2.3.5 In-rack sprinklers shall be upright or pendent type with the fusible element
located no more than 6 in. (152.4 mm) from the horizontal barrier. [430:7.4.2.2.3.4]

21.30.2.3.6 The stock shall be maintained at least 6 in. (152.4 mm) below the sprinkler
deflector. [430:7.4.2.2.3.5]

21.30.2.3.7 In-rack sprinklers shall be K = 8.0, quick response, ordinary temperature rated.
[430:7.4.2.2.3.6]

21.30.2.3.8 The in-rack sprinkler system shall be designed to supply six sprinklers on each
line with a total of 12 sprinklers operating at gauge pressure of 25 psi (172 kPa).
[430:7.4.2.2.3.7]

21.30.2.3.9 The design of the in-rack sprinkler system shall be independent of, and is not
required to be balanced with, ceiling sprinkler systems. [430:7.4.2.2.3.8]

21.31 Storage of Organic Peroxide Formulations.
21.31.1 Design Requirements.

21.31.1.1 Where automatic sprinkler systems are required per NFPA 432, Code for the
Storage of Organic Peroxide Formulations, they shall provide the following discharge
densities:

(D) Class I — 0.5 gpm/fi2 (20.4 L/min- m2)
(2) Class I — 0.4 gpm/ft2 (16.3 L/min- m?)
(3)  Class Il — 0.3 gpm/fi2 (12.2 L/min- m?2)

(4) Class IV — 0.25 gpmv/ft2 (10.2 L/min+ m2)
[432:4.8.2]

21.31.1.2 The system shall be designed to provide the required density over a 3000 fi2 (280
m?) area for areas protected by a wet pipe sprinkler system or 3900 fi2 (360 m?) for areas
protected by a dry pipe sprinkler system. The entire area of any building of less than 3000 ft2
(280 m?) shall be used as the area of application. [432:4.8.2.1]

21.31.1.3 Sprinkler System Water Supply. Where required, supplies for automatic
sprinklers, water fire hydrants, and so forth, shall be capable of supplying the anticipated
demand for at least 90 minutes. [432:4.8.3]

21.31.1.4 Detached Storage of Class I Organic Peroxide Formulations. Sprinkler
protection for Class I organic peroxide formulations in quantities exceeding 2000 Ib (907 kg)
in detached storage shall be of the deluge type. [432:7.5.2]

21.31.2 Installation Requirements. (Reserved)

21.32 Advanced Light Water Reactor Electric Generating Plants.
21.32.1 Design Requirements.
21.32.1.1* Sprinkler System Water Supply. The fire water supply shall be calculated on
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the basis of the largest expected flow rate for a period of 2 hours, but shall not be less than
300,000 gal (1,135,500 L), and the following criteria also shall apply:

(D) The flow rate shall be based on 500 gpm (1892.5 L/min) for manual hose streams
plus the largest design demand of any sprinkler or fixed water spray system.

(2) The fire water supply shall be capable of delivering the design demand specified in
21.32.1.1(1) with the hydraulically least demanding portion of fire main loop out of
service. [804:9.2.1]

21.32.1.2 Yard Mains. The underground yard fire main loop shall be installed to furnish
anticipated water requirements, and the following criteria also shall be met:

(D) The type of pipe and water treatment shall be design considerations, with
tuberculation as one of the parameters.

(2) Means for inspecting and flushing the systems shall be provided. [804:9.4.1]
21.32.1.3 Cable Tunnels. [804:10.4.2]

21.32.1.3.1 Automatic sprinkler systems shall be designed for a density of 0.3 gpm/ft2 (12.2
L/min- m?2) for the most remote 100 linear ft (30.5 m) of cable tunnel up to the most remote
2500 ft2 (232.2 m?). [804:10.4.2.2.2]

21.32.1.3.2 Deluge sprinkler systems or deluge spray systems shall meet the following
criteria:

(D) They shall be zoned to limit the area of protection to that which the drainage system
can handle with any two adjacent systems actuated.

(2) They shall be hydraulically designed with each zone calculated with the largest
adjacent zone flowing. [804:10.4.2.2.4]

21.32.1.4 Cable Spreading Room. The cable spreading room shall have an automatic fixed
water-based suppression system, and the following criteria also shall be met:

(1) The location of sprinklers or spray nozzles shall protect cable tray arrangements to
ensure water coverage for areas that could present exposure fire hazards to the cable
raceways.

(2)  Automatic sprinkler systems shall be designed for a density of 0.30 gpm/ft2 (12.2
L/min- m?2) over the most remote 2500 fi2 (232.2 m?). [804:10.4.1.1]

21.32.1.5* Beneath Turbine Generator Operating Floor. All areas beneath the turbine
generator operating floor shall be protected by an automatic sprinkler or foam-water
sprinkler system meeting the following criteria:

(1)  The sprinkler system beneath the turbine generator shall be designed around
obstructions from structural members and piping.

(2) The sprinkler system shall be designed to a minimum density of 0.3 gpm/fi2 (12.2
L/min- m?2) over a minimum application of 5000 fi2 (464.5 m?). [804:10.8.2.1]

21.32.1.6* Turbine Generator Bearings.
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21.32.1.6.1 Lubricating oil lines above the turbine operating floor shall be protected with an
automatic sprinkler system to a minimum density of 0.30 gpm/ft2 (12.2 L/min+ m?) that
covers those areas subject to oil accumulation, including the area within the turbine lagging
(skirt). [804:10.8.4]

21.32.1.6.2 Where shaft-driven ventilation systems are used, an automatic preaction
sprinkler system providing a density of 0.3 gpm/fi2 (12.2 L/min- m2) over the entire area
shall be provided. [804:10.8.7(2)]

21.32.1.7 Standby Emergency Diesel Generators and Combustion Turbines. Sprinkler
and water spray protection systems shall be designed for a 0.25 gpm/ft? (10.19 L/min+ m2)
density over the entire area. [804:10.9.3(2)]

21.32.1.8 Fire Pump Room/House. If sprinkler and water spray systems are provided for
fire pump houses, they shall be designed for a minimum density of 0.25 gpm/ft? (10.19 L/min
- m2) over the entire fire area. [804:10.22.2]

21.32.1.9 Oil-Fired Boilers. Sprinkler and water spray systems shall be designed for a
minimum density of 0.25 gpm/ft2 (10.19 L/min+ m2) over the entire area. [804:10.24.3]

21.32.2 Installation Requirements.
21.32.2.1 Yard Mains, Hydrants, and Building Standpipes. [804:9.4]

21.32.2.1.1 Approved visually indicating sectional control valves such as post-indicator
valves shall be provided to isolate portions of the main for maintenance or repair without
simultaneously shutting off the supply to both primary and backup fire suppression systems.
[804:9.4.2]

21.32.2.1.2* Sectional control valves shall permit maintaining independence of the
individual loop around each unit, and the following criteria also shall be met:

(1) For such installations, common water supplies shall also be permitted to be utilized.

(2) For multiple-reactor sites with widely separated plants [approaching 1 mi (1.6 km) or
more], separate yard fire main loops shall be used. [804:9.4.4]

21.32.2.1.3 Sprinkler systems and manual hose station standpipes shall have connections to
the plant underground water main so that a single active failure or a crack in a
moderate-energy line can be isolated so as not to impair both the primary and backup fire
suppression systems unless otherwise permitted by the following:

(1)  Alternatively, headers fed from each end shall be permitted inside buildings to supply
both sprinkler and standpipe systems, provided steel piping and fittings meeting the
requirements of ASME B31.1, Power Piping, are used for the headers (up to and
including the first valve) supplying the sprinkler systems where such headers are part
of the seismically analyzed hose standpipe system.

(2) Where provided, such headers shall be considered an extension of the yard main
system.

3) Each sprinkler and standpipe system shall be equipped with an outside screw and
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yoke (OS&Y) gate valve or other approved shutoff valve. [804:9.4.7]

21.32.2.2 Cable Concentrations. The location of sprinklers or spray nozzles shall protect
cable tray arrangements and possible transient combustibles to ensure water coverage for
areas that could present exposure fire hazards to the cable raceways. [804:10.4.2.2.3]

21.32.2.3 Turbine Building. Deluge sprinkler systems or deluge spray systems shall meet
the following criteria:

(D) They shall be zoned to limit the area of protection to that which the drainage system
can handle with any two adjacent systems actuated.

(2) They shall be hydraulically designed with each zone calculated with the largest
adjacent zone flowing. [804:10.4.2.2.4]

21.33 Light Water Nuclear Power Plants.

21.33.1 Design Requirements. A fire protection water supply of reliability, quantity, and
duration shall be provided by one of the two following methods:

(1) A fire protection water supply of not less than two separate 300,000 gal (1,135,500
L) supplies shall be provided.

(2) The 2-hour fire flow rate for 2 hours shall be calculated, and the following criteria
shall be met:

(a) The flow rate shall be based on 500 gpm (1892.5 L/min) for manual hose
streams plus the largest design demand of any sprinkler or fixed water spray
system(s) in the power block as determined in accordance with NFPA 13 or
NFPA 15, Standard for Water Spray Fixed Systems for Fire Protection.

(b) The fire water supply shall be capable of delivering this design demand with the
hydraulically least demanding portion of fire main loop out of service.
[805:5.5.1]

21.33.2 Installation Requirements. (Reserved)

21.34 Electric Generating Plants and High Voltage Direct Current Converter Stations.
[NFPA 850]

21.34.1* Design Requirements.

21.34.2* Installation Requirements.

21.35 Hydroelectric Generating Plants. [NFPA 851]
21.35.1* Design Requirements.

21.35.2* Installation Requirements.

21.36 Code for the Protection of Cultural Resource Properties — Museums, Libraries,
and Places of Worship. [NFPA 909]
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21.36.1* Design Requirements.

21.36.1.1* Standard-response sprinklers shall be permitted for use in light-hazard areas.
[909:12.4.4.2]

21.36.1.2 System Design for Museums, Libraries, and Their Collections in Compact
Storage.

21.36.1.2.1* The design shall recognize the nature of the hazard from a fire that originates
in a compact mobile storage unit, where fuel loads are invariably large and fire growth is
significantly different from that in other kinds of storage. [909:16.4.8.1.3]

21.36.1.2.2* The automatic fire suppression system, the compact storage system, and the
storage compartmentalization features shall be designed to limit fire damage in accordance
with the facility’s fire safety objectives. [909:16.4.8.1.4.1]

21.36.1.2.3 Design calculations shall include the number and size of the storage modules,
the separation provided between the modules end-to-end and back-to-back, and the type of
materials being stored. [909:16.4.8.1.4.2]

21.36.1.2.4 Where the automatic suppression is provided by automatic fire sprinkler
systems, the systems shall be wet pipe, single interlock pre-action or single noninterlock
pre-action systems. [909:16.4.8.1.4.3]

21.36.1.2.5 Dry pipe or double-interlock pre-action systems shall not be installed in compact
storage areas. [909:16.4.8.1.4.4]

21.36.1.2.6 Where compact storage is installed in an existing storage area, the existing
automatic fire detection and fire suppression systems shall be modified as required to
accommodate the increased fire loading. [909:16.4.8.2]

21.36.2 Installation Requirements. (Reserved)

Chapter 22 Plans and Calculations

22.1* Working Plans.

22.1.1* Working plans shall be submitted for approval to the authority having jurisdiction
before any equipment is installed or remodeled.

22.1.2 Deviation from approved plans shall require permission of the authority having
jurisdiction.

22.1.3 Working plans shall be drawn to an indicated scale, on sheets of uniform size, with a
plan of each floor, and shall show those items from the following list that pertain to the
design of the system:

(1)  Name of owner and occupant.

(2) Location, including street address.
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3)
4

6))
(6)
(7)
®)
€))
(10)

(1D
(12)

(13)
(14)
(15)
(16)

(17)
(18)
(19)

(20)
@2y

(22)

(23)
(24)
(25)
(26)

Point of compass.

Full height cross section, or schematic diagram, including structural member
information if required for clarity and including ceiling construction and method of
protection for nonmetallic piping.

Location of partitions.

Location of fire walls.

Occupancy class of each area or room.

Location and size of concealed spaces, closets, attics, and bathrooms.
Any small enclosures in which no sprinklers are to be installed.

PRSP

Size of city main in street and whether de~~ ~~- -~ -g; if deal end, direction
and distance to nearest circulating main; ana city main test results and system
elevation relative to test hydrant (see 4.23.1.5).

Other sources of water supply, with pressure or elevation.

Make, type, model, and nominal K-factor of sprinklers including sprinkler
identification number.

Temperature rating and location of high-temperature sprinklers.
Total area protected by each system on each floor.
Number of sprinklers on each riser per floor.

Total number of sprinklers on each dry pipe system, preaction system, combined dry
pipe-preaction system, or deluge system.

Approximate capacity in gallons of each dry pipe system.
Pipe type and schedule of wall thickness.

Nominal pipe size and cutting lengths of pipe (or center-to-center dimensions).
Where typical branch lines prevail, it shall be necessary to size only one typical line.

Location and size of riser nip