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N O T I C E  

All questions or other communicat ions relating to this document should be sent only to NFPA headquarters,  
addressed to the attention of the Committee responsible for the document.  

For information on the procedures for requesting Technical Committees to issue Formal Interpretations, 
proposing Tentative Interim Amendments ,  proposing amendments  for Committee consideration,  and appeals on 
matters relating to the content  of  the document,  write to the Secretary, Standards Council ,  National Fire Protection 
Associat ion,  1 Bat terymarch Park, P.O. Box 9101, Quincy,  MA 02269-9101.  

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulat ions Governing 
Committee Projects shall not be considered the official position of NFPA or any of  its Commit tees  and shall not 
be considered to be, nor be relied upon as, a Formal Interpretation. 

Users of  this document  should consult  applicable federal, state and local laws and regulations.  NFPA does 
not, by the publication of this document,  intend to urge action that is not in compliance with applicable laws, and 
this document  may not be construed as doing so. 

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

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the toxicity of  
the products of  combust ion is an important  factor in the loss of  life from fire. NFPA has dealt with that subject in 
its technical committee documents for many years. 

There is a concern that the growing use of synthetic materials may produce more or additional toxic products  
of  combust ion in a fire environment.  The Board has, therefore, asked all NFPA technical committees to review the 
documents  for which they are responsible to be sure that the documents respond to this current concern. To assist 
the committees in meeting this request, the Board has appointed an advisory committee to provide specific guid- 
ance to the technical  committees on questions relating to assessing the hazards of the products of combust ion.  

Licensing Provision--This document  is copyrighted by the National Fire Protection Associat ion (NFPA). 

1. Adoption by Refe r ence - -Pub l i c  authorities and others are urged to reference this document  in laws, 
ordinances,  regulations,  administrative orders,  or similar instruments. Any deletions, additions, and changes  
desired by the adopting authority must be noted separately. Those using this method are requested to notify the 
NFPA (Attention: Secretary, Standards Council) in writ ing of  such use. The term "adopt ion by reference" means 
the cit ing of title and publishing information only. 

2. Adoption by Transcription--A. Public authorities with lawmaking or rule-making powers  only upon 
written notice to the NFPA (Attention: Secretary, Standards Council),  will be granted a royalty-free license to 
print and republish this document  in whole or in part, with changes  and additions, if any, noted separately, in laws, 
ordinances,  regulations, administrative orders, or similar instruments having the force of law, provided that: (1) 
due notice of  NFPA's  copyr ight  is contained in each law and in each copy thereof; and (2) that such printing and 
republication is limited to numbers sufficient to satisfy the jur isdic t ion 's  lawmaking or rule-making process.  B. 
Once this NFPA Code or Standard has been adopted into law, all printings of this document  by public authorities 
with lawmaking or rule-making powers or any other persons desiring to reproduce this document  or its contents 
as adopted by the jurisdict ion in whole or in part, in any form, upon written request to NFPA (Attention: Secretary, 
Standards Council),  will be granted a nonexclusive license to print, republish, and vend this document  in whole 
or in part, with changes  and additions, if  any, noted separately, provided that due notice of NFPA ' s  copyr ight  is 
contained in each copy. Such license shall be granted only upon agreement  to pay NFPA a royalty.  This royal ty  
is required to provide funds for the research and development necessary to continue the work of  NFPA and its vol- 
unteers in continually updating and revising NFPA standards. Under certain circumstances,  public authorities with 
lawmaking or rule-making powers  may apply for and may receive a special royalty where the public interest will 
be served thereby. 

3. Scope of  License  G r a n t - - T h e  terms and conditions set forth above do not extend to the index to this 
document.  

(For further  explanat~ofi, see the Policy Concerning the Adoption,  Printing, and Publication of NFPA 
Documents,  which is available upon request from the NFPA.) 

Statement on NFPA Procedures 

This material has been developed under  the published procedures of the National Fire Protection 
Associat ion,  which are designed to assure the appointment  of  technically competent  Committees having balanced 
representation. While these procedures assure the highest degree of care, neither the National Fire Protection 
Association,  its members,  nor those part icipating in its activities accept any liability resulting l¥om compliance or 
noncompliance with the provisions given herein, for any restrictions imposed on materials or processes,  or for the 
completeness of the text. 

NFPA has no power  or authority to police or enforce compliance with the contents of this document,  and 
any certification of  products stating compliance with requirements of this document  is made at the peril of  the 
certifier. 
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E r r a t a  

NFPA 231C 

Rack Storage 

1995 Edition 

Reference: Figure 6-9.8, Figures 6-12(a)-(e), Section 7-6, Table 7-10.1 Note 1, 
Figure 8-2 and 9-1.7 

The Committee on Rack Storage notes the following errors in the 1995 edition of NFPA 
231 C, Standard for Rack Storage of  Materials: 

1. In Figure 6-9.8, bottom label, replace the term "Original design" with "Reduced design." 

2. In Figures 6-120) through (e), Legend to curve F, replace the term "in-rack" with "ceil- 
ing." 

3. In Section 7-6, remove the term "Pressure" from the section title. 

4. In Table 7-10. I, Footnote 1, replace the term "pressure" with "discharge" and the term 
"30 psi" with "30 gpm." 

5. In Figure 8-2, Part d, the last figure requiring 0.30 gpm per ft2/2000 f{, revise the phrase 
"See Note 2 and Figure 8-2 part h" to read "See Note 3 and Figure 8-2 part i." 

6. In 9-1.7 the metric units were reversed. They should read: "80 ft 2 (7.4 m')" and "i00 ft 2 
(9.3m:')." 

Issue Date: August, 1995 

Copyright © 1995 All Rights Reserved 
NATIONAL FIRE PROTECTION ASSOCIATION 

CHARLES $. MORGAN LIBRARY 
NATIONAL FIRE PROTECTION ASSOCIATION 

1 BATTERYMARCH PARK 
OtHNCY+ MA 022GF~ C,++~ 
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Copyright © 1995 NFPA, All Rights Reserved 

N F P A  231C 

Standard for 

Rack Storage of Materials 

1995 Edi t ion  

• .Zt? This edition of N FPA 231 C, St:mdardJor Rack Storage oJ Materm'ls, was prepared by the 
Technical Committee on Rack Storage and acted on by tim National Fire Protection 
Association, Inc., at its Fall Meeting held November 14-16, 1994. in Toronto, Ontavio. 
Canada. It was issued by the Standards Council on January 13. 1995, with an effective 
date of February 7, 1995. and supersedes all previous editions. 

The 1995 edition of this document  has been approved by the American Natibnal 
Standards Institute. 

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

Orig in  and D e v e l o p m e n t  o f  N F P A  231C 

In August 1967, representatives for rack manutacturers, fire protection equipment man- 
ufacturers, the insurance community, and industrial users met and organized the Rack 
Storage Fire Protection Committee. This committee developed and financially sponsored a 
program of full-scale live tests fi)r the storage of combustible materials in racks. 

In 1968, the NFPA Committee on Rack Storage of Materials was organized. All of the 
data developed by the Rack Storage Fire Protection Committee was subsequently turned 
over to the NFPA committee. Thus, it was possible for the NFPA committee to write a 
standard supported entirely by actual fire test data. NFPA 231C was first adopted at the 
Annual  Meeting in May 1971. 

In 1972, revisions included changing certain recommendations to requirements, and new 
material was added to the appendix. In 1973, it was revised further to include storage for 
heights above 25 ft. (7.6 m) and to relocate advisory material to Appendix A. In 1974, the 
entire format was revised, editorial changes were made, and new material was added. 

In 1975, new test data resulted in the introduction of additional material. The 1980 
edition was a partial revision to the standard, including changes to the tables and figures 
in Chapter 6. Revisions made in 1986 included expanded protection criteria for plastic 
commodities. 

The 1991 edition incorporated a vaviety of changes that included editorial improve- 
ments as well as numerous substantive changes. Technically important changes in the 
1991 edition included permission to utilize intermediate- and high-temperature sprin- 
klers for plastic commodities. In addition, a series of figures were included that show the 
relative positions of in-rack sprinklers [br rack storage of Group A plastics. The previ- 
ously issued TIA on ESFR sprinklers was incorporated as a new chapter. 

The 1995 edition incorporates criteria fbr miscellaneous storage, extra-large orifice sprin- 
klers, quick response and large orifice sprinklers for in-rack applications, and new large 
drop and ESFR sprinkler applications. In addition, new definitions were introduced and 
some chapters were reworded to improve the uses- friendliness of the document. 

CHARLES S. MORGAN LIBRARY 
NATIONAL FIRE PROTECTION ASSOCIATION 

1 BATTERYMARCH PARK 
QUINCY, MA 02769-q10] 



2 3 1 C - 2  KaCK STOI).A(;E OF MATERIALS 

Technical  Committee  on Rack Storage 

J. s .  Barrit,  Ckai~ 

Eastham, MA 
Rep. Industrial Risk Insm'ers 

Charles B. Barnett, Figgie Fire Protection Systems, OH 
Rcp. Nat'l Fire Sprinkler Assn. 

Phil ip R. Belisle, Speedrack Products Group, Ltd. MI 
Rcp. RMI 

William M. Carey, Underwriters Laboratories Inc., IL 
Ralph E. Collins, R. E. Collins Assoc., MA 
Robert B. Combs, Johnson 8,: Higgins ,)f WA htc., WA 
Frank J. Dahn, U.S. Dept. of  Veterans Mthirs, UT 
Herbert N. Davidson, Liberty Mutual Insurance Co., MA 

Rep. The Alliance of  American Insurers 
Casimir J. Drygas, Jr.,  M&M Protection Consultants, NY 
Robert C. Everson, Calabash, NC 
William W. Glassmyer, St. Onge Ruff 8,: Assn. Inc., PA 
William J. Gotto, Avenel Fire Dept., NJ 
Anthony C. Gumkowski, Travelers Insurance Cos., CT 
Joseph B. Hanldns,  Jr.,  Factor',' Mutual Research Corp., MA 
Sultan M. Javeri, AXA - UniEurope, Paris, France 
Richard S. Johnson ,  Hilton Head, SC 

Rcp. T/C on General Storage 

Robert E. Lister, Amcrican htsm-ancc Services Group, NY 
Novel l  Liston, Eaton-Kenway Inc., U T  

Rcp. MHI/ASRS 
Navin D. Mehta, Defense Logistics Agency (DIA-MMDI), VA 
Jerome P. Merkel, United Sprinkler, Inc., MN 
Andy Miller, Halhnark Cards Inc., MO 

Rep. NFPA Industrial Fire Protection Section 
Gerald W. O'Rourke,  O'Rourke & Co., CA 
E. J. Schiffhauer, Easmtan Kodak Co., NY 
Chester W. Schirmer, Schirmcr Engr Corp., NC 
Jack Thacker, Allan Automatic Sprinkler Corp. of  S. CA, CA 

Rep. Nat'l Fire Sprinkler Assn. 
Peter Thomas,  The Viking Corp., M 1 

Rep. American Fire Sprinkler Assn., Inc. 
William P. Thomas,  Jr., Kemper Nat'l Insurance Cos., IL 
William J. Tomes, Tomes, VanRicklev & Assoc., CA 

Rcp. Honte Depot 
Charles Walker, IRM Insurance, NC 
William A. Wehh, RolfJensen & Assoc. Inc., IL 

Alternates 

Warde  P. Comeaux, Jr. ,  Schirmer Engineering C o r p . ,  CA 
(Air. to C. W. Schirmer) 

Leo W. Fleury, Jr. ,  Grinnell Corp., RI 
(Alt. to C. Barnett) 

Raymond A. Grill, RolfJensen & Assoc. Inc., CA 
(Alt. to W. A. Webb) 

James M. Ingalls, Industrial Risk Insurers, CT 
(Alt. toJ .  S. Barriu) 

Kenneth E. Isman, Nat'l Fire Sprmkler Assn., NY 
(/dt. to J. Thacker) 

Dennis P. Jenkins,  Kemper Nat'l Insurance Cos., NC 
(Alt. to W. P. Thomas) 

Russel l  J. Kerlin, Dow Corning Corp., MI 
(Ah. to A. Miller) 

Herb Klein, Unarco Industries Inc., IL 
(Air. to P. R. Belisle) 

Keith C. Kremkow, Johnson & Higgins, IL 
(Ah to R. Combs) 

George E. Laverick, Underwriters Laboratories Inc., 1l, 
(Ah. to \ f .  M. Carey) 

Russel l  Leavitt, Tomes Van Ricklev & Assoc., CA 
(Alt. to W. J. Tomes) 

Peter J. McWilliams, Eastman Kodak Co., NY 
(Ah. to E. J. Schitthauer) 

Paul F. Roberto, Wausau Insurance Cos., Nil 
(Ah. to H. N. Davidson) 

Lee F. West, "l'r,tvelers Insurance Co., CT 
(Alt. to A. C. Gumkowski) 

William E. Wilcox, Factory Mutual Research Corp., MA 
(Ah. to j .  B. Hankins) 

Milosh T. Puchovsky,  N FPA Staff 15aison 

Tht.s hst rep~e.~enl.s Ike membi~Lsk~p at Ike hme lke Commdlee was balloh,d on tke text of lhL~ edtlton. Since tkat lime, changes 
O Z . L  

m tke membe~:dt~p may kave occurred. 

NOTE: Membership on a Committee shall llOt m and of itself constitute an endorsement ot tht: Associa- 
tion ,~r any ch~cument developed by the Committee on which the member serves. 

Committee Scope: This Committee shall have prinmry responsibility for documents on fire prevention and 
five protection considerations for the rack storage of materials, including automatic systems. This Commit 
tee also shall have primary responsibility tor emergency operations, including fire-fighting operations in 
facilities used tbr the rack storage of materials. 

. . . .  " . " ( .  7 , . , ' "  

1995 Edition 
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NOTICE: An asterisk (*) following the number  or letter 
designating a paragraph or section in the text indicates 
cxpl,tnatory material on that pa ragraph  or section in 
Appendix A. 

A dagger (1") tollowing the number  or letter designating a 
paragraph or section in the text indicates explanatory test 
data and procedures with regard to that paragraph or sec- 
tion in Appendix B. 

Information on refizrenccd puhlications c~:tll be found in 
Chapter 13 and Appendix C. 

C h a p t e r  1 I n t r o d u c t i o n  

1-1 t  Application and Scope. Thi s  s t a n d a r d  shall  app ly  to 
s to rage  of  mate r ia l s  r e p r e s e n t i n g  the  b r o a d  r a n g e  of  con>  
modi t ies  s to red  in racks. 

Exception: Miscellmzeoa.~ .~lorage shall be permitled to be pro- 
tected in accordance with Nf'PA 13, Standard for the Installation 
of Sprir~kler Sv.~tems. 

Storage  on  plastic pal lets  or  plastic shelves is ou t s ide  the  
scope of  this  s t a n d a r d .  

S to rage  of  h i g h  h a z a r d  mater ia l s  such as tires, roll p a p e r  
s to red  on  end ,  a n d  f l a m m a b l e  l iquids  is ou t s ide  the  scope 
of  this s t a n d a r d .  S to rage  of  such  c o m m o d i t i e s  shall be  pro-  
tec ted  in a c c o r d a n c e  with the  p rov i s ions  of  NFPA 30, 
Flammable and Combustible Liquids Code; NFPA 40, StandaM 

for the Storage a~d I-landling of Celhdose Nitrate Motion Picture 
Film; NFPA 58, StmMard Jbr the Storage and Ha~Mling of Liq- 
uefied Petroleum Gases; NFPA 81, Slandard for Fur Storage, 
Fumigalio,~ a~d Clea~fing; NFPA 231, Standard for Ge~eral 
Storage; NFPA 231D, Standard for Storage o/ Rubber Tires; 
NFPA 231F, Standard Jor the Storage of Roll Paper; NFPA 
232, StaTdard for the Protectio~ of Records, a n d  NFPA 490.  
Code f i ,  the Storage qf Ammomam Nitrate, as appl icable .  

NOTE: See also NirPA 231E, Reeomme*zded Pmchce for tke 
Storage of Baled Collo~l. 

Bin s to rage  a n d  she l f  s to rage  a re  ou t s ide  the  scope of  
this s t a n d a r d .  

1-1.1 N o t h i n g  in this  s t a n d a r d  is i n t e n d e d  to res t r ic t  new 
i ~ a '  " . 

t echno log ies  or  a l t e rna t e  a r r a n g e m e n t s ,  p r o v i d e d  the  level 
of  safety p r e s c r i b e d  by the  s t a n d a r d  is no t  r e d u c e d .  

1-2 Retroactivity Clause. The prov i s ions  of  this  docu-  
m e n t  shall  be c o n s i d e r e d  necessary  to p r o v i d e  a r e a s o n a b l e  
level of  p r o t e c t i o n  f rom loss of  lile a n d  p r o p e r t y  frolll fire. 
The} '  ref lect  s i tua t ions  a n d  the  state of  the  a r t  at  the  t ime  
the s t a n d a r d  was issued.  

Unless  o the rwise  no ted ,  it is no t  i n t e n d e d  tha t  the  pro-  
visions of  this d o c u m e n t  be  app l i ed  to facilities, e q u i p m e n t ,  
s t ruc tures ,  or  ins ta l la t ions  tha t  were  ex is t ing  or  a p p r o v e d  
for  cons t ruc t i on  or  ins ta l la t ion  p r i o r  to the  eftiective da te  of  
this  d o c u m e n t .  

Exception: In lhose cases where it is determi.ned hy Ihe authorztv 
having jurisdictum tkat the existing situaEon i~volves a distinct 
hazard lo life or property,, this standmrl shall apply. 

1-3 Def in i t ions .  Unless  specifically s ta ted  e l sewhere ,  fi~r 
the  p u r p o s e  of  this s t a n d a r d ,  the  t e r m s  in this sect ion shall 
be de f ined  as ebllows. 

Aisle Width .  T h e  hor izonta l  d imens ion  be tween  the  face 
of  the loads in racks u n d e r  considera t ion.  [See Figure l-3(a).] 

Aisle width 

Plan view 

Aisle 
width 

End view 

Figure 1-3(a) Illustration of aisle width. 

Approved. Acceptable to the authori ty  having jurisdiction. 

NOTE: The National Fire Protection Association does not 
approve, inspect, or certil[y any installations, procedures, 
equipment, or materials; nor does it approve or evaluate test- 
ing laboratories. I17 determining the acceptability of installa- 
lions, procedm-es, eqtfipmenl, or materials, the aulhoritv hav- 
ing jurisdiction may base acceptancc on compliance with 
NFPA or other appropriate standards. In the abscncc ofsucri 
standards, said authority may require evidence of proper 
installation, procedure, or use. The authority having jurisdic- 
tion may also refer to tim listings or labeling practices of an 
organiz~{tion concerned with product evaluations tri,tt is in a 
position to determine compliance with appropriate standards 
for the current production of listed items. 

Authority Having Jurisdiction.  The o r g a n i z a t i o n ,  
office, or  ind iv idua l  r e spons ib l e  for a p p r o v i n g  e q u i p m e n t ,  
an  ins ta l la t ion,  or  a p r o c e d u r e .  

NOTE: The phrase "authority having jurisdiction" is used 
in NFPA documents in a broad manner,  since jurisdictions 
and approval agencies vary, as do their responsibilities. 
Where public satiety is primary, the authority having juris- 
diction may he a tiederal, state, local, or other regional 
department  or individual such as at fire chief; fire marshal; 
chief of a fire prevention bureau, labor department,  or 
health department;  building official; electrical inspector; or 
others having statutory authority. For insurance purposes, 
an insurance inspection depar tment ,  rat ing bureau,  or 
o ther  insurance  company rep resen ta t ive  may be the 
authority having jurisdiction. In many circumstances, the 
property owner or his or her designated agent assumes the 
role of the aulhoritv having jurisdiction: at government 
installations, the commanding officer or departmental  ofri- 
ci:d may be the authority having,jurisdiction. 

Bulkhead. A vertical  b a r r i e r  across the  rack. 

Ceiling Height. T h e  d i s tance  be tween  the f loor  a n d  
the  u n d e r s i d e  of  the  cei l ing above  (or r o o f  deck)  wi th in  the  
s torage  area.  

C o m m o d i t y .  T h e  c o m b i n a t i o n s  o f  p r o d u c t ,  p a c k i n g  
mater ia l ,  a n d  c o n t a i n e r  u p o n  which  c o m m o d i t y  classifica- 
t ion is based.  

C o n v e n t i o n a l  Pal le ts .  A m a t e r i a l - h a n d l i n g  ai.d 
de s igned  to s u p p o r t  a un i t  load with o p e n i n g s  to p rov ide  
access tb r  m a t e r i a l - h a n d l i n g  devices.  [See Fgure l-3(b).] 

Early Suppression Fast Response SprinMers (ESFR). See 
NFPA 13, Sta~daM Jm the l.nstallalio~ of Spri'nkler &;.qems. 
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Conventional pallet 

Solid flat bottom 
wood pallet 

Figure 1-3(b) Typical pallets. 
Encapsulated. A me thod  {4 packaging  consist ing of  a 

plaslic sheet  complele ly  enclosing the sides and top of  a 
pallet load conta in ing  a combust ible  comnloditv, or  ii com- 
bustible package or  a g roup  of  conlt)ustil)le t :ommodit ies ov 
combltst iblc packages. Coml)ustible commodi t ies  individu-  
ally ~ l a p p e d  in plastic sheet ing and stored exposed  in a 
pallet load also ave to be cons idered  encapsulated.  

Totall'>' noncoml)ust ib le  co lnmodi t ies  on wood pallets 
enclosed o n h  by a phtstic sheet  as desc l ibcd  are not cox,- 
c rcd  unde r  this dctmit ion.  Banding,  i.e., stvctch-wlappil~g 
a round  tim sides only of  a pallet load, is nol cons idered  to 
be encapsulntion. Where there ale holes or voids in the 
plastic ov wa t e rp roo f  cover  on the top of  the carton t h a t  
exceed l n o r c  ill<in half  of llic ille{i of  the cover, the term 
"cncapsuh i t ed"  shall not  apply.  ' l h e  te rm cncapsulcl led 
does not apl)ly to plast ic-enclosed product  or  packages 
inside a hngc, nonl)lastic, enclosed COll t i lh lc l .  

Face Sprinklers. Stil l ldald spr inkle ls  Iocatcd ill tl-allS- 
verse tluc spaces nh)ng the aisle or  in the rack, within 18 ill. 
(0.46 m) of the aisle tact o1 stolage <uld uscd to oplJ~se 
vcrlical devel~lpnient of  the ()11 the e-.:termi] thce of storage, 

Free-Flowing Plastic Materials. Those  plastics that litll 
()tit o[" lhc i r  containers dur ing  a [ire, fill flue spaces, and 
ClCiltC it sn io lhcr ing cttect t)ll the fire. l~>,;illllplcs: powder, 
pellets, tlakcs, ov randonl-packed sinali ~>b.iccts [ razor blade 
dispensers,  1-oz to 9-oz (28-g to 57-g) bottles, etc.]. 

Horizontal Barrier. A solid barric]:in the horizontal post- 
thin covering the entire rack, inchiding all l luc spaces at cer- 
lail i  height htcremcl~tS, to preveilt vertical the sprc<id. 

L a b e l e d ,  l~htuipineilt or nialcrials to which has been 
alt i lchcd a label, svnlbol,, or other ident i tybig mnrk of lift 
organizat ion that is acceptable to the author i ty  having 
. jul isdict ion <itld COllCtqned with ])lOdllct cvaltl i tt ion that 
lnai i l tains periodic inspection of  p ioduc t ion  of  labeled 
equipniel t t  of  materials ;ind by whose lnbcl ing the nlanti- 
[hcturcr indicates conlpl i iulcc with ~ippropi'i<itc stni/daids 
of  peit~:)i-illallce in a specihed inal lnel .  

Listed. l~]quipnient or  materials inchldcd in it list pttb- 
lished by an (nganizathm acceptable to the atttholi ty having 
.jurisdiction and concel ' l lcd with prodt lct  evaluation t l l i l t  
inaintah~s periodic inspection of producthm of lisicd equip- 
i i iei l t  or materials and whose l isting states either that the 

equipntcnt  (11 material m e e t s  a p l ) r , ) p r i a t e  stnndards or has 
been lested and found suitable fin llSe il) it specified manner .  

NOI'I'E The means fin idcnlitying listed cquipnmnl max 
VIII'V t()l" C~lC[I Ol 'g l t l l iZ i l t iOl l  C('~llC(?l'l]cd I, Vi[]l })l'()dtlC[ Cvilll . l i l-  
don, some ol which do not recognize equipment as listed 
tmlcss it is also labeled. The authm'ity having.lUvisdiction 
should utilize the system Cml~loycd by' the listing organiza- 
tion Io *clcntit\' a lis'led producl. 

Longitudinal Flue Space. T h e  spacc be lween rows 
of  s torage p e l p e n d i c u l a r  to the direct ion of loading<. [See 
Figun, 1-3(c).] 

- -  Conventional [ i - -  

~ ! ~  I ~  Z ~ . ~ m m 0 ~  t 

/ sec, \ l  ion view view 

Possible transverse flue spaces Longitudinal 
flue space 

Longitudinal 
.e - - i '"  flue space 

'~------ Rows of storage 

Plan view 

Figure 1-3(c) Typical double-row (back-to-back) rack arrangement. 

Miscellaneous Storage. Storage that does not exceed 
12 ft (3.7 m) in height  and is incidental  to ano the r  occu- 
pancy use g roup  as de t incd  in N FI>A 13, Strmdord,/br flu, 
h>lallatim~ q/S/nmlUer S~,slems. Such storage shall not  consti- 
tute more  than 10 percen t  of  the bui ld ing area or  4000 ti/-' 
(372 in e) of  the spr ink le red  arc<t, whichever  is grealer .  
Such storage shall not  exceed 1()1)0 ti'-' (()3 m'-') in one pile 
o r  ;tl 'ea, illlcl each such pile or  area shall bc separa ted  f iom 
o ther  s torage areas by at least 25 ti (7.(5 m). 

Rack. Any combination of  vertical, horizontal, and diago- 
roll membcvs "lh<tl supports s iolcd materizds. Some rack struc- 
tures use solid shelve>. Racks shall be permit ted to be tixcd, 
portable, or movablc [see l:'zg'u~e~ ,q-4-1&) ttmmgD (k)]. lx)ading 
shi/ll be pcrmi l ted  to be e i lhe l  manual,  using lifl trucks, 
stacker Cl{tD_cs, {)1" h{ l l ]d  phicelnenl:  o r  i i t i tol l la t ic ,  using 
machine omtvol led senage  and retrieval svstents. 

Dmdde-l~ow 17aclcs. Double-row yacks are  two single-vow 
rilcks placed I);tt:k-t()-ba(:k having a combined  width up to 
12 ti (3.7 m) with aisles at least 3.5 tt (1.1 m) on each side. 

Mm,uble Har'l¢~. Movable racks are racks on tixcd rails or  
guides. They  Cill/ b e  moved  back and fol th  only in a hori- 
zontal, two-dimensional  plane. A moving  aisle is created as 
abut t ing yacks a lc  c i lhe l  loaded or  unhx/ded,  dacn moved 
across the aislc to abut  o the i  racks. Rack a r rangen ien t s  
gencral ly  r e s u h ' i n  the same protect ion vequil-cmcnts ns 
those fin mul t ip le-row lacks. 
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M,IIV#<:-lbm, PacDs. Mult ip le-row racks arc racks greater 
lh;i l l  12 Ft (3 .7  ill,) w i d e  ov si i lg]e L o r  doublc-row racks sep- 
:lrated I)v aisles less Ihan {1.5 [1 (1.1 m )  w i d e  ]l :,l \' i ll <g ;,in 
over; i l l  ~(idth gre:`l l / 'r  lha i l  12 ti~ ({$.7 I11). 

]~oH(ib/e [TacA~. f)()rtable l:`lcks :`t1(' racks that ~llC IlOt fixed in 
p}ace. They (;:.ill 1)c arr;uiged in ~liiy nunaber ()l' conligurali(ms. 

,~'i,<q/e-l'oa, lb~(,k~. Sin<gle-r()w racks ~ll'e racks with llO ]<111- 
gitudinal (hie space and having a width Lip to 6 li (1.8 m) 
will( aislc,~ ~il least 3.5 li (1.1 m) from other sloi:`lge. 

I Roof  Height .  The  distance I)etween l]le lh)or and [he 
underside ()l the 2"<><)t deck ~?'ithin the storage area. 

Shall. Indicalcs :`i I l l ; i l l ( l a t ( ) l ' V  i e ( { t l i l e l l l e l l t .  

I Shelf  Storage. Slorage ()11 StltlCllllCS less th;in 30 in. 
(7.(;2 cm) deep, with sheh'es usually <2 t{ (0.6 m) apart verli- 
Cli]lv iilld Sel)iilalcct b}" ill)})loximate[y {~0-ill. (7(].2-(:i]1) aisles. 

Should. Indic;ires a rec~mmiendalioli or thal which is 
<tdvised })lit P=ol r e q u i r e d .  

Slave Pallet. A special pallel captive to a l/l:`ltelia]- 
handling ,Xvstem. [Se<: F:gme 1-3(DJ.] 

Solid Shelv ing .  S d i d  sheh ' ing  is solid, shirred, and  
other  types of stmlving located wiihin racks lhat obstrlici 
sl)r inkler waler [)ei/etralion down through Ihe racks. 

Transverse  Flue Space. T i l e  SD~lce betweell l'<)ws 0[" sL()l'- 
age parallel t() the dirccli()n oth)ading. [Sa' l:~i~m'~: I-3((.).] 

C h a p t e r  2 C l a s s i f i c a t i o n  o f  S torage  

2-1i  Commodity  Classif icat ions.  

2-1.1 Class 1 commodit ies  a r e d c l i n e d  as e~sentiallv non-  
c(mHmstible pr<)ducts on wood pallets, ()r in <)r(linarx co t -  
rug<lied c{,lil()llS with ()r wi thout single-thickness dividers, 
or in o r d i n m y  paper  wrappings,  :ill on wood pallets. Such 
pr(Mucls shall be }/ermitted t<) have a negligible ;.un()unt ()t 
plaslic lrim, such as knobs or handles.  

Irxamples of (:lass 1 products  include: 

l:ood~'. Fo<)ds in non(:mnbustible containers:  t iozen tbocls; 
meats; liesh fiuits °and vc,vctables in n<)nphlstic trays or 
Colll;iiners; ({~,/ir}: l)r()ducts il l n()l/W:`ix-c()~ite'd paper COll- 
i<liners; beer and wine, tip t() 20 l)erccni alcohol, in metal, 
glass, or ceialUiC COl/lathers. 

(;laL~ l)~odacL~. ('.lass b(ittles, einpt) '  (n" hlled with n(ill- 
COl/ lbt ls l ib lc  l iq/tids; nl irrors. O~"[,;. 

Me/a~ l)md,cts. Metal desks with plastic tops and tr im: 
cleclrical co(b,; electrical device,,, in their metal enclosures; 
])<)iS ~illd I);IllS: e lecir ic: l l  m<it<)rs; (h-y cell }/alleries; iliel:`il 
]);iris; empty c:`ins; Moves; washers; dryers; ill~>l;i] cabinets. 

()/DeI.L ()(l-f i l led and othc'r tyt)es of  disiributi~m t i ; lns-  
t ( i r iners ;  cemei/i i l l  bags; eleclric<il i l isul~liors; g}'i)sui/I 
board; inerl l) iginenis; dry insecfiddcs. 

2-1.7 (;lass 11 conml(/di l ics iil'e' defined as Class 1 prod- 
ilcls in slatted w()()(len CI';tIes, solid w()()dcn boxes, nluhi-  
wall corrt igalcd (mt()ns, or equiv<ilenl conli)usli i)le t)ack;ig- 
ing inaimia] (m wood 1):lllets. 

l:]x;Iml)les <)(" (]lass I I I)r(i(hicts illclude: 

Th in ly  coated tine wire such as radio c()il wire on reels 
o r  in c; i i to i ls;  inca(idea, cent  o r  fluorescent l ight bulbs: beer 

or wine, up to 2() percent alcohol in wood containers; Class 1 
products, if in snl<tll carton> or small packages placed in oMi- 
n; l l 'y  I)il})Cl'})<'&ll'd c~li'IOllS. 

2-1.3 Class l l l  c~mnnodilies are dcl ined as wood, paper,  
natural liher cloth, and Group C plastics or products thereof 
on wood pallets. Products shall be l)erniiued to contain a lim- 
ited amount of Group A or B plastics. Wood dressers with 
plasdc drawer glides, handles, and tr im are examples . f  a 
commodity containing a l imited mnount  of plastic. 

l~xample> of  Class I11 products indudc:  
l~(,a/her Pm([u(,t.L Shoes; jackets; gloves: luggage. 
Pa/,:r Pmdm:l~. Books: magazines;  newspapers ;  statio- 

nery; plastic-coated paper  [i/od containers;  paper  or card- 
bomd  ganlcs; tissue products;  rolled paper  on side or steel 
banded  on end;  regenera ted  cellulosics (cellophane). 

Tcxliles. Natural liber upholstered nonl)lastic Ibm(lure; wood 
or metal [hrniture with plastic padded and covered m'mrests; 
nl;lltleSSeS without expanded plastic or rubber; absorl)eni col- 
ton in cartons: natural Jiber and viscose yarns, thread, and 
products; natural fiber clothing or iexlile })lodtlcts. 

tl:ood Producl.~. Doors;  windows;  d o o r  and windmv 
fiamcs; c<)mbustible tiberb<)ard; wood cabinets; l iun i tu re ;  
other w<)od })roducts. 

()till?IN. ~l"(,Ib,~lCC() ] ) i ' ( /d l lc l s  ill }):`t})el'})(i;ll'd C:`il't()IIS; l iOli-  
t lmnnml)le liquids such as soaps, detergents  and  bleaches, 
mid l~(mllalmnal)le l/h<um:K:eulicals in plastic c<mtainers; 
combus t ib le  ti)ods and  cereal  p roduc t s ;  non -nega t i ve -  
p r o d u c i n g  filni packs in sealed metal  JiM wrappers  in 
paperboard  packages 

2-1.4 Class IV commodities are del incd as Class 1, 11, and 
111 products containing an aplJreciable anlount  of Group A 
plastics in i)al)erbo<ud cart<ms m Class I, 11, and 111 1)roducts 
with (;r<)up A plastic packing in paperboard cartons on wood 
pallets. Group  B plastics and f]ec-th)wing (.;roup A plastics 
also are included m this class. (See S('(lio~ l-I . )  

Examples of Class IV pr~ducls  include: 
Small appliances,  typewriters, and  cameras widi plasiic 

parts; plastic-backed tapes; and  synthetic. (ilbrics or cloth- 
ing. An ex:unple of packing lnateri<il is a metal product  in 
a h)amed plastic coc()on in a corrugated carton. 

Class IV commodities also include: 
7):¥/ilc~. Syntlieti( thread and  yarn, except viscose; non-  

viscose s; 'nthe[ic [ilbrics or clothing 
()there. \ : iny l  ttoor tile; wo<)d <w metal fi-ame ui)holstered 

lhl l f i iure  i)1 matNesses with i)l:tstic covering or p:Mding, or 
both; })l;isiic-pad<led metal dashl)<)aids or metal I)umpers. 

2-1.5 Classification of  Plastics, Elastomers, and Rubber. 

N()TE: The hdlowm g ci~lcg~wics arc ba~cd ~m unmodified 
plastic m,llcrial~. The use .1" fire- or fl;mm-rcwrding modifiers 
or lhc I)hysical Ibrm ot tim maicri<ll can ch;mgc tim clas~iticati~m. 

2-1.5.1 Group A. 
ABS (acryh>nilri le-buladiene-slyren( '  cop~flynmr) 
Acetal ( i)olyl i)rmaldehyde) 
Acrylic (polymethyl methaoylatc)  
But'vl rul)bev 
EPDM (eihylene-prol)ylenc rubber) 
FRI' (fiberglass re intbrced l)O],vcster) 
Natural rubber ( i f  expanded) 
Nitr i lc rubber (acryhmiui le-bmadienc rubber) 
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I'ET (thermoplastic polyester) 
Potvbutadiene 
P o l i , C a l l ) ( ) n a t e  

Polyester elastomer 
P(dyethylene 
l 'olypropylene 
Polystyrene 
l)ol?,'urethane 
t'VC (polyvinyt chloride -- highly plasticized, e.g., 

coated lid)rio, unsupported fihn) 
SAN (styrene acrylonitrile) 
SBR (styrene-butadiene rubber) 

2-1.5.2 Group B. 
Cellulosics (celluhlse acetate, cellulose acetate bmyrate, 

cthvl celluh)se) 
(!laloropl-ene rubber 
Fluorophtstics (ECTFF~ -- e thylene-chlorotr i f lu()ro-  

e thy lene  copo lymer ;  ETFE -- ethylene-tetrattu(>r(~- 
e thv l cne  c o p o l y m e r ;  FE1 ) -- f l tmr ina t ed  e t hv l e ne -  
prol)ylene c<)t)<>lymer) 

] Natural rubher (not expanded) 
Nvhm (nylon 6, nylon (5/6) 
Siiic(>ne rubber 

2-1.5.3 Group C. 

Irlu()voplastics (PCTFE -- polychlorotritluor()etlaylene; 
I'TFE -- polytetl:flh,)rocthylene) 

Melamine (nlelamine tblnml(lehyde) 
Phenolic 
PVC (potyvinyl chhwide -- rigid or lightly plasticized, 

e.g.. pipe, l)q)e tittings) 
I)VI)C (polyvinylidene chloride) 
PV I) F (polyvinyl idene tluoride) 
PVF (polyvinyl tluoride) 
Urea (urea ti)rmaldehyde) 

C h a p t e r  3 B u i l d i n g  C o n s t r u c t i o n  

3-1 Construction. Buildings used li)r the rack storage ()] 
materials that are protected in accordance with tiffs st,m- 
davd shall be of any of tlle types described in NFI'A 220, 
Slamlard o~ 7)'[)e.s (!/Bmldi~zg" (',otlqrltctimt. 

3-2 Fire Protection of Steel. 

3-2.1~ \Vith sprinkler systems installed in accordance 
with Chapters 6 through 1(), tire protection of 1-oof steel 
shall not be required. 

3-2.25 Where ceiling spriltklers and sprinklers in racks 
are installed in acct)rdance with Chapters 5 tim)ugh S, tirc 
protccfion ()l" steel building c()]umns shall not be required. 

3-2.37 \Vhere storage height exceeds 15 t( (,:!.(5 m) and 
ceiling sprinklers only are installed, (ire l)l()tecdon by ()ne 
of the tollowing tnethods shall be require(I tor all t}pes ()t" 
steel building columns located within the yacks (,I tor ver- 
tical r,tck members that support the building: 

(a) One-hour tirc proolmg. 
(b) Sidewall sprinklers at the 15-fl (4.6-m) elevation, 

pointed toward one side o l the  steel column. 
(c) Provision ofceiling sprinkler density f(n a minimum of 

2000 fl~ (185.9 m ~) with 165°F (74°C) ()r 28(i°1 " (141°C) raled 

sprinklers as shown in Table 3-2.3(c) l'or storage heights 
above 15 ti~ (4.6 m), up to and including 20 fl ((5.1 m). 

(d) Provision o1 large drop or e a r n  suppression fast 
response (ESFR) ceiling sprinkler prote(:tion in accordance 
with Chapters 9 and 10, respectively. 

Table 3-2.3(c) Ceiling Sprinkler Densities for Protection of 
Steel Building Columns 

Aisle Width 
Commodity Class 4 ft (1.22 m) 8 ft (2.44 m) 

gpm/ft 2 [(L/s)/m 2] 

1 0.37 " 0.33 
l I 0A-t 0.37 
111 0.49 (L42 
IV and l'las@,~ 0.68 0.57 

N ( ) I ' E :  For  : l iqc  widt lp ,  oJ 4 ti to S It (1.'2'2 m Io 2.-t,I m), a dn 'ccl  ] i tmar  
ll)lCl'[)()]illi(H/ ])(21WL'CII dc:ll~,ilic ~, IILI\ I)c II/,Id(' ,  

3-3t Vents and Draft Curtains. Design curves LIIe based 
on the aSSUlnpti()n lhat r()()l vents anti clrafl curtains aFe 
not being used. "- 

Chapter  4 S torage  A r r a n g e m e n t  

4-1" Rack Structure. Rack contiguvations shall be of a 
generally accepted arrangement.  

4-2" Rack Loading. Racks shall not be loaded beyond 
their design capacity. 

4-3 Flue Space. 

4-3.1"J" In d()uble-v()w racks with heighl of st()ragc up t() 
and includillg 25 fl (7.(5 m), and wifllout solid shelves, a hm- 
gitudinal llue space (1lack-to-back clearance) i~ not necess:llV.. 
Nominal 6-in. (152.4-mm) transverse tlue space between 
loads (n at rack uprights shall be mainlaincd, l),and(m~ varia- 
ti(ms in the width otllae flue spaces or in their vertical align- 
ment shall be permiued. (See I:~gme 4-3. I.) 

l'2xc@hom ,4 lo,gih, l imd /I,e .shall he reqmred ,,here l'2,S'1,'1-~ 
spri,kh',r /)rol(:cli(m i,~ provided. 

4-3.2 In double-row racks with height of storage over 
25 fl (7.6 m), a. millinaum longitudinal flue space ()f (nonfi- 
nab 6 in. (152.4 ram) shall be provided. 

4-4* Aisle Widths. 

4-4.1 Aisle wichhs and depth of racks are determined by 
material-handling methods. T im width of aisles shall be con- 
sidered ill ti le design of tile protection system. (See chapte~:~ 5 
Ilmmgh 7.) 

4-4.2 This ,,,tandald contemplates :lisle widths maintzfined 
either by tixecl rack struclures or control in placing of p(n- 
table racks. Any decrease in aisle width shall require a 
review (>I the a(lequacv ()1 tile protective system. 

4-5"I Storage Heights .  Vhe distance t]-()m the top ()f 
storage t() tile ceiling sprinkler deflectors shall 1)e not less 
than 18 in. (().46 m). 

Exce/*lio,." l+'hme tastee-droll or ESFI-~ s/Jri,kh!r proh:clio, i.~ 
u~ed, lhe dr~lam:e j )om lhe lop o /qmage Io lhe ceiling ,s/,iJddvr 
dr, flectors ~hall I,' ,oI le.~.~ lha~ 36 h~. (0.91 m). 
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Conventional 

Commodity 

i£/o0\ 
-mliil~. _ m D / pSectonvi   view 

Possible transverse flue spaces No longitudinal flue 
~ ,  ~'~ J 7 space is necessary 

- . ~  Rows of storage 

........ V [ - - ~ V [  ......... V'~ ....... ~ NO longitudinal 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (back-to-back clearance) 
flue space 

Plan view 

F i g u r e  4 -3 .1  T y p i c a l  d o u b l e - r o w  r a c k  w i t h  b a c k - t o - b a c k  l o a d s .  

4-6 Commodity  Clearances. 

4-6.1" C~munodit;" cle:ir,inces shall be nt<iinlained in 
;iCCOl(.lallce with NI?I'A ell. Shmda~d.l m Extmu.sl S),.s/ems./0r 
Air Coll7,o, nl.q" o/ Mah:rials. 

4-6.2* Incandescent  Light Fixtures. 

4-7"t" Storage of Idle Combustible Pallets. Bulk storage 
of idle comlmstible pallets shall t)e i l l  accordance with 
N FliA 231, 5':al:danl.l<, O,m,'mi Sh,mg<:. 

Chapter  5 Fire  P r o t e c t i o n  - -  G e n e r a l  

5-1 Protection Systems. 

5-1.1 Prt>lection svstenis th,tt are prl)vided for rack stor- 
age facililics shall be i l l  accordance with the provisions <~t" 
tills chaplet .  

5-1.2 The  deusities :ultl areas provided in lhc tables and  
CUlVCS in Chapters  (5 th rough 8 ;lle based on tire tests 
using standard iCSl)onse slal /dald ori l ice [I/L, in. (1 2.7 mill)] 
,lnd large orilicc [17/37 in. (13.5 llllll)] sprillklers, l;~ll lhe 
use of  large drop and ESFR ~t)rinklc!;s~isec Chal)lers 9 and 
IlL rcspet:iively. 

Evrr/Jlim#." 77#c t<.,'<' ffl exhw-h:Lge m!flc,: (F.LO) .~/)~i~lkl,es:~ is/iv m. 
(15.9 mm)J ~hali be prrmilh:d wDe, ; h~h:d.lor ~uch ~w: ami whr.n: 
m.~lal/ed at a mmimm~ rl:.'.~g~ /m'~.~me <{/ 10 psi (69 l,'l>a). 

5-2 Ceiling Sprinklers. 

5-2.1" Where  ,ultonmtic spr inkler  sVStelllS al'C installed, 
tiles shall be in <lccordance with NFI'A 13. Sta~lda*rl lot l/to 
h#.~l'aI/at,o~l ff/.'~'p~ mklu* .%'.slums. 

Exc@hoH: l'l.'Ttcre modi/teJ h~, this stamlaM. 

5-2.2* In buildings that ave ~,ccupied in part 1or rack 
storage o1" conunodit ies ,  the ceiling spr inkler  systcnl design 
within 15 tt (4.6 m ) o f  the racks shall bc the same :is that 
provit led It)l" the r~/ck slol';.ige arc'a. 

5-31" Ceiling Sprinkler Spacing. For lhe purpose of select- 
ing sprinkler spacing in hydraulically designed sprinkler sys- 
tems to achieve a stipulated densily, 60 psi (413.7 kPa) shall 
be dm maximum discharge pressure used ;tl the calculation 
starting point. 

5-4 In-Rack Sprinkler System Size. The  {tl-ei-i protected 
by :i single swtem of sprinklers  in racks (in-rack sprinklers) 
sttall not  exceed 40,000 It'-' t3716 In ~) of tloor area occupied 
by the racks, inchld ing  aisles, regardless ot the n u m b e r  of 
il{tcrmediate spr inkler  levels. 

5-5* In-Rack Sprinkler System Control Valves. 

5-5.1" Where sprinklers  are installed in racks, separate 
indicat ing control valves and drains shall be provided and 
i l lTi l l lge( l  SO t h a t  c e i l i n g  a n d  i n - r a c k  s p r i n k l e r s  C{ll] })e COil- 
trol led independently.  

lq'<c@li(m No. 1: h#.~laliahos~ (Jl' h~,e##ly o,.lk~,,<n" i#l-rack @rm- 
l,'le~:~ .~upflhed &' cmv ore" ccili*t,g s/~mdU<:r #,stem. 

Exc@tim# No. 2." 77~e .sepamh, imlu.atis~g 7~rlizle.s ,sDall be p,,rmithsd 
1o De aftra(owl a.~ secthma[ cmUm[ va/ves wlze~w tim racl¢.s m.cu/:y m~[~' 
a porho~, qflDe area/:mlr'cleU hy calling q:ri,khe~s. (Se; 5-2.2.) 

5-6 In -Rack  Spr ink ler  Water D e m a n d .  T h e  water  
del l land [iJi sprinklers  installed in racks shall 1)e added 1o 
the ceil ing spr inkler water demand ul the point  of connec- 
tion. "l'he delmtnd shall I)e I)alant:ed Io lhe higher  pl-eSstirc. 

5-7"1" Sprinkler Waterflow Alarm. 

5-8t  Hose Connections.  For first aid fire l ight ing and  for 
mop-up  operat ions,  small tit/,, in. (38.1 mm)] hose lines 
shall be available to cover all areas of the rack structure.  
Such sm:tll hose shall bc supplied l iont  the following<. 

(;t) Outside hydrants  
(b) A separate l)iping s>stcm ti)r small hose stations 
(c) Valved hose connect ions  on spr inkler  risers where 

s u c h  c o n n e c t i o n s  {lle l l l : tdc  U])S[l'e~llll Ill" all spr inkler  con- 
tl'{>l v,tlves 

(d) Adjacent spr inkler  systems. 

Exc@lim~: 14,'here .s@arat@' cmdrolluU h~-racte spritdUrr.s are 
flrov~ded. /De ceiling @rmhler .wsh'.m m Ihe <ame area shall b<: 
/~ermilled Io he u.scU. 

5-9 Hose  Demand. 

5-9.1 For inside hose slreams, an allowance of al. least 
100 gpm (378 L/rain) shall be added to the spr inkler  w~ltel" 
d e m a n d  liw (',lass 1, 11, 111, IV, and  plastic ommaodities.  

5-9.2 For c~,mbined inside and outside ho>e streams, an 
allowance of al lea,st 500 gpm (I 893 L/rain) shall be added 
to the spr inkler  water d e m a n d  tot Chtss 1, 11, 111, IV, and 
plastic t:ommotlities. 

5-10?  Durat ion of  Water Suppl ies .  For doub le - row 
racks, the water supply dura t ion  shall be :it least 11/2 hours 
tot Class I, 11, and  111 commodit ies  and  at least 2 hours tor 
Class IV and.  Grou 1) A plastic commodities.  For lnuhiple- 
row racks, the water supply dura t ion  shall be at least 
2 hours  lor all cla,ssifications of commodities.  

5-11 High-Expansion Foam. 

5 - 1 1 . 1 "  \Vhcre  h i g h - e x p a n s i t ) n  foanl  systems, are 
installed, they shall be in accordance with NFI>A l lA, 
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Slamtard./or Medium- a~id High-E~Tm~lsimt Foam Sv.s/em% and 
they shall be automal ic  in ~perat ion.  

l';xc@h(m: Wker( modffird t O, lk~.s" s/amlard. 

5-11.2 \,Vbere: h igh-expans ion  ti)am systems are used in 
combina t ion  with ceil ing sprinklers,  in-)ack sprinklers  shall 
not  be required .  

5-12 Detectors for High-Expansion Foam Systems. 
Detectors shall be listed and shall be installed as tollows: 

(a) ,,\t the ceil ing only where  inslalled at one -ha l f  listed' 
e ,, 15 It  (4.6 m l inear spacing [ .~., 15 ]'t x x 4.6 m) ra ther  

tlian at 30 ft x 30 ft (9.1 m x 9.1 m)]: 

l",xc@liom Ceilil~g <lete(lo~s alone ,droll m~t be u~cd wker¢ clcar- 
a,ce /)',m the l@ of .,/orage ex,:,'cd., 10/? (3. I m) or lke h,:~ght q/ 
sl(,aqe, , e,w:eed,~ 2 5 f i  (7.6 m); or  

(b) At. the ceil ing at listed spacing and in racks at alter- 
" v 

hate levels; or  

(c) Where  listed tot rack storage installati(m a n d  installed 
in accordance with their listing to provide response within 
one minute alter ignition using an ignition somce equiv;tlen/ 
to that used in a rack storage testing progv, tm. 

5-13 Solid and Slatted Shelves. 

5-13.1" Slatted shelves shall be cons idercd  to bc equiva-  
lent t() solid shelves. 

5-13.2~" Spr inklers  shall bc installed at the ceil ing and 
bcncath each shclf  in double-  or  mul t ip le-row yacks with 
solid shelves t h a t  o b s t r u c t  bolh hmgimdina l  and transverse 
flue spaces. Design curves hw combined  ceil ing and in-rack 
sprinklers  shall be used with this s torage configurat ion.  

5-14"~ Open-Top Combustible Containers. 

5-15 Movable  Racks.  Rack storage in movable  yacks shall 
be pro tec ted  in the same m a n n e r  as mult iple  row racks. 

Chapter  6 Fire  P r o t e c t i o n  - -  S torage  up  to an d  

I n c l u d i n g  25 ft (7.6 m) in H e i g h t  

Part A G e n e r a l  

(Set al.w~ Cka/)ler 5.) 

6-1 Genera l .  For the s torage o fClass  1 th rough  Class IV 
commodi t i es  s tored 12 It (3.7 m) or  less in height,  the 
spr inkler  design cri teria for miscel laneous sunage  specitied 
in N FPA 13, Slamlard /br t/ : hl~la l la l io,  if~ S/nink/er Srstems, 
shall apply. 

6-2 In-Rack Sprinkler Type. Sprinklers  in racks shall be 
o r d i n a r \  t e m p e r a t u r e  s t a n d a | d  response  classitication with 
nomimd t/e-in. (12.7-ram) oritice size, penden t  ()r upright .  
Spr inklers  with 212°F (100°C) and 286°1 ' (141°C) t empera -  
ture ratings shall be used near  heat  sources as requ i red  by 
N FPA 13, Slamtard,/or the hrslallaOm~ o~ S/)rmkler Systems. 

Excep/km. Q,  ick-rc~pm>e .~pri,~kh,r~ shall be /,ermilted l(, be 
i,,~lalh, d i ,  rack.~. 

6-3 In-Rack Sprinkler Pipe Size. T h e  numl)er  of  sprin- 
klers and the pipe sizing ()n ~1. line of  sprinklers  in racks is 
restr icted only 'by h y d l - a u l i c  calculations and not b\ r ill/\: 
p ip ing schedule.  

6-4t" In-Rack Sprinkler Water Shields. \Vatcr shiclds shall 
be provided directly above in-rack sprinklers, or listed sprin- 
klers equipped witl) water shields shall be used where there 
is more than one level, if not shielded bv horizontal barriers. 

6-5 In-Rack Sprinkler Location. 

6-5.1"I  The  e l e v a t i o n  o l  i n - r a c k  s p r i l l k l e r  d e f l e c t o r s  wida 

respect to storage shall not be a consideratiop in single- or 
double-vow rack storage up to aim including 20 It (6.1 m) high. 

6-5.2* In s ingle-  or  d o u b l e - r o w  yacks w i thou t  soliLt - 
sheh'cs with s u n ; ! j e ' o v e r  20 ti (6.1 m) high, or  in muhiplc-  
row racks, or  in single- or  double - row racks with solid 
shelves and storage height  up to and including 25 ff 
(7.6 m), a m i n i m u m  of 6 in. (152.4 ram) vertical clear space 
shall be main ta ined  between the spr inkler  deflectors and 
the top of  a l ier o t  storage. Spr inkler .d ischarge  shall not be 
obstructed by horizontal  rack membch's. 

6-5.3 In-rack sprinklers  at one level only tot  s torage up 
to and inc luding 25 tI. (7.6 m) high in single- or  double- row 
racks shall be located at the first dcr  level at m above one-  
half  of  the s torage height  

, .  v " 

6-5.4 In-rack sprinklers  at two levels only for s torage up 
to and including 25 tt (7.6 m) high shall t~e located at the 
1h-st tier level ,2I or  above one- th i rd  and two-thirds of  lhe 
st(wage height.  

6-6 In-Rack Sprinkler Spacing. 

6-6.1"  M a x i m u m  hor i zon ta l  spac ing  of  sp r ink le r s  in 
single- m" double- row racks with nonencapsu la ted  storage 
up to and inc luding 25 It (7.6 m) in height  shall be in 
accordance with Table  6-6.1: 

Table 6-6.1 In-Rack Sprinkler Spacing 

Commodity Class 
Aisle Widths I and II l lI  IV 

S It 12 It t2 fi ~ li 
-t li 12 It 8 li ,s li 

l"~w SI tlllll~,: 1 ti = 0.304,'4 m 

F()r encapsula ted  ,qoragc, mt ix imum hoviz(mtal spacing 
shall I)e 8 It (2.44 m). 

6-6.2t  Sprinklers  installed in racks sh,dl be spaced with- 
out  regard  to rack uprights.  

6-7t In-Rack Sprinkler Discharge Pressure. Sprinklers  
in racks shall d ischarge at not less than 15 psi (103.4 kPa) 
ib r  al l  classes o f  commodi t ies .  

6-8t  In-Rack Spr inkler  Water Demand.  T h e  wa te r  
d e m a n d  for  sp r ink le rs  insta l led in racks shall be based on 
s imul taneous  opera t ion  of  the most hydraulically remote  
sprinklers  as follows: 

(a) Six sprinklers  where  only one level is installed in 
racks with Class 1, l l ,  or  I1l commodi t ies ;  

1995 Edition 



2 3 1 C - 1 0  RACK STORAGI ( ()I," bI,-\'I'I£RIAI,S 

(b) Eight sprinklers  where  only one  level is installed in 
racks with Class IV commodi t ies ;  

(c) Ten  sprinklers  (live on each two lop levels) where  
more  than one  level is installed in racks with (;lass 1, I1, or  
I II commodi t ies :  

(d) Four teen  sprinklers  (seven on each two top levels) 
where  more  than one  level is installed ill racks with 
Class IV commodi t ies .  

6-9" i  C e i l i n g  S p r i n k l e r  Water  D e m a n d .  T h e  des ign  
curves in Figures 6-12(a) th rough  (g) shall apply to nomi-  
nal 20-ft (6. l -m) height  of  storage. 

6-9.1 T h e  design curves indicate water  demands  tb ,  non> 
inal 165°F (74°C) and nominal  286°F (141°C) rated sprin- 
klers at the ceiling. T h e  165°F (74°C) design curves shall be 
used lot  spr inklers  with o r d i m u y  and  in t e rmedia te  tem- 
pe ra tu re  classitication but not less than 16001: (71°(;) rat- 
rag. T h e  286°F (141°C) ra t ing design curve  shall be used 
for sprinklers  with high t e m p e r a t u r e  class,Ileal,on. 

6-9.2 For s torage height  up to and inc luding  25 It (7.6 m) 
p ro t ec t ed  with cei l ing spr inklers  only, and for s torage  
height  up to and inc luding 20 ft (6.1 m) pro tec ted  with 

] ce i l ing  sprinklers  and lnininltHn requ i red  in-rack sprin- 
klers,  dens i t i e s  o b t a i n e d  f rom des ign  cu rves  shall  be 
adjusted in accordance  with Figure 6-9.2. 

6-9.3 For s torage heighl  over  20 ft (6.1 m) up to and 
inc luding  25 ti (7.6) protec ted  with ceiling sprinklers  and 

I m i n i m u m  r equ i r ed  in-rack sprinklers,  densities obtained 
t iom design curves shall be used. l)ensities shall not be 
ac!justed in accordance  with Figure  6-9.2. 
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Figure 6-9.2 Ceiling sprinkler density vs storage height. 

Table 6-9.2 Adjustment to Ceiling Sprinkler Density for 
Storage Height and In-Rack Sprinklers 

Storage 
Height In-Rack 

(ft, Sprinklers 

¢)vcl 12 li (3 7 m) None 
l h l l l U g ] l  25  11 (7.{5111) 

I 

Oxm I2 h (3.7 m) 
through 20 li (6.1 nO 

I 

()vcr 20 ti (6.1 m) 
du'ough 25 ti (7.6 m) 

App I y Permitted 
Fig. Ceiling Sprinklers 

6-9.2 Density Adjustments 

YCS rNol/c 

Mlnimuln Yc~ None 
l'C(]llll'Cd 

More th,m ','cs Reduce density 
l l l i l lUnl t l l l  I)ul no t  20% from I l i a (  OI 
Ill CVCI} l ie l  l l / i l l i ln t l l l l  111 l 'dt'k 

q)rinklcr~ 

h i  c v c l ~  [ICI Ycs R e d u c e  dell~,ilv 
40% li-om th;It of 
ln l l l in l / l lU  lIl-I-Hck 
sprinklers 

I~.Iil]l in ii nl No Noll t :  
required 

More than No Reduce dcn,Sll~, 
ininimum but not 2 0 %  II 'oln tlhlt" of" 
111 c \c l~ ,  [ i c r  l l ] l l nn l t l l n  Ill-I~lLk 

H)rinkler4 

hi CVClV tim" No Reduce densttv 
405~ fi'onl Ilia( ol 
l l l i l l t l l / t t l l l  Ill-HI( k 

sprinklers 

6-9.4 For s torage height  up to and inc luding 20 fi (6.1 ,11) 
pro tec ted  with ceiling sprinklers  and with ll lore than olle 
level of  in-rack sprinklers,  but  not  in every tier, densities 
obtained from design curves and adjusted in accordance 
with lrigure 6-9.2 shall be p e r m i u e d  to be r educed  an addi- 
tional 20 percent .  

6-9.5 For storage height  over  20 ft (6.1 m) up to and includ- 
ing 25 ft (7.6 m) protected with ceiling sprinklers, and with 
more than the min imum required level of  in-rack sprinklers, 
but nol in every tier, densities oblained t iom design curves 
shall be permit ted to be reduced 20 percent.  Densities shall 
not be a(!justed in accordance with Figure 6-9.2. 

6-9.6 For  s torage height  up to and inc luding 20 ti (6.1 m) 
pro tec ted  with ceil ing sprinklers and in-rack sprinklers at 
each t ie , ,  dens i t i es  o b t a i n e d  f l o m  des ign  curves  a n d  
a{[justed in accordance  with Figure  6-9.2 shall be permi t -  
led to be reduced  an addit ional  40 percent .  

6-9.7 For storage h, eight over  20 ft (6.1 m) up to and includ- 
ing 25 fi (7.6 m) protected with ceiling sprinklers and in-rack 
sprinklers at each tier, densities obtained t iom design curves 
shall be permil ted  to be reduced 40 percent.  Densities shall 
not be a¢!justed in accordance with Figure 6-9.2. 

6-9.8~ Where  clearance t iom ceiling lo top of  s torage is 
less than 4 7=, ti. (1.37 m) 0e¢ Seclim~ 4-5), the spr inkler  oper-  
ating area indicated in curves E, F, (;, and H in Figures 
6-12(a) th rough  (e) shall be pe rmi t t ed  to be reduced  as 
indicated in Figure  6-9.8 but  to nol less than 2000 tt ~ 
(185.8 m'-'). (See 6-9.9.) 

6-9.9 Where  clearance t i om ceiling to top of  Class 1 or  1I 
encapsula ted  s torage is 11/2 tt to 3 tt ((I.46 nl to 0.91 m), the 
spr inkler  opera t ing  area indicated in curve  F only of  Fig- 
ure  6-12(e) shall be permi t t ed  to be reduced  by 50 percen t  
but to not  less than 2000 sq tt e (185.8 m"). 

6-9.10 Where  solid, f lat-bottom wood pallets are  used, 
with s lorage height  up to and inc luding 25 fl (7.1_'; m), the 
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F i g u r e  6 - 9 . 8  A d j u s t m e n t  o f  d e s i g n  a r e a  o f  s p r i n k l e r  o p e r a t i o n  f o r  c l e a r -  

a n c e  f r o m  t o p  o f  s t o r a g e  t o  c e i l i n g .  

densities indicated in the design CUl 'Ves,  based on convcn-  
tional pallets, shall be increased 20 percent  ti)r Ihe given 
area. This percentage shall be applied to thee density deler-  
mined  in accordance with Figure 6-9.2. This increase shall 
not  apply where  in-rack sprinklers  are installed. 

6-10 High-Expansion Foam Submergence.  

6-10.1" Where  h igh-expans ion  tk)am systems are used 
withtml sprinklers,  the nlaxi lnul l l  submergence  l ime shall 
be 5 minutes  tin- Class I, 11, or 111 commodit ies  and 4 min- 
utes for Class IV commodit ies ,  

6-10.2 Where  h igh-expans ion  ti.~am systems are used in 
combina t ion  with ceiling sprinklers,  the m a x i m u m  submer-  
gence t ime shall be 7 minutes  fin Class 1, 11, or I l l  com- 
modities and  5 minutes  for Class IV c~nnmodities. 

6-11 High-Expansion Foam Ceiling Sprinkler Density. 
Where high-expansion ti)am systems are used in combinatioll 
with ceiling sprinklers, the mi n i mu m ceiling sprinkler design 
density shall be (I.2 gpm/f(-' [(8.15 L/min)/m el fi)r (]lass 1, 11, 
or I l l  commodities tar 0.25 gpm/f{ e [(10.2 L/min)/m-'] tor 
Class I V  commodit ies  (or the most hythaulical ly remote  
2000-tU (185.8-m'-') operat ing area. 

Part  B D o u b l e -  and S i n g l e - R o w  R a c k s  

(See al~o Chapter 5.) 

6-12" Ceiling Sprinkler Water Demand. l:or Class l, lI ,  
II1, or  IV conmlodities encapsulated Ol nonencapsula ted 
in single- or double-row racks, ceiling sprinkler water 

d e m a n d  in terms o1 density (gpm/ft'-') [(L/min)/m='] and  area 
of spr inkler  operat ion [ti e (m'-') of ceiling o r  lOl.lt] shall l)e 
selected [Fonl tile curves in Figures (5-12(:1) th rough (g). 
The  curves in Figures ~5-12(a) th rough (g) also shall apply 
to portable  racks a r r anged  in the same mam3er as single- 
or double- row racks or muhip le - row racks. The  design 
shall b c  sufficient to satist\, a single point  on the apprt)pri-  
ate curve related tt~ the storage c o * l l i g u l ' ; , t l i o H  ~,ll(t COlll- 
moditv class. It shall not be required  to m e e t  all points on 
tile selected culve. Figure 6-9.2 shall be used to adjusl the 
densilv tot  storage height  unless otherwise specitied. 

6-12.1{ Design ctllves ti)l single- and  dou Me-row racks 
shall be selected to cor respond to aisle width. For aisle 
widths between 4 fi (1.22 m) and  8 t]. (2.44 m), a direct lin- 
car in terpola l ion between curves shall bc made.  The  den-  
sitv ~iven [in 8,ft.,(2.44-m) wide aisles shall be applied to 
aisles w der  thallUS ti. (2.44 m). The  density given l}}l q-t* 
(1.22-m) wide aisles shall be applied to aisles Ilalfowel" than 
4 ['[ ( 1 . 2 2  111) d o w n  It) 211/2 1"[ ( 1 . 0 7  m ) .  \ V h c r e  aisles a l ' e  l / : l r -  
rower than 31/2 fl (1.07 m), r;-,cks shall I)c considered Io be 
mtdtiple-row racks. 

6-13 In-Rack Sprinkler Location. In single- or double-  
row racks without solid shelves, in-rack sprinklers  shall be 
installed in ~,CCold;.tllce with Table  6-12. 

Part  C M u l t i p l e - R o w  R a c k s  

(See also Chapter 5.) 

6-14t  In-Rack Sprinkler Location. For encapsulated or 
nonenca/)sulalcd storage in muhil)le-row racks no deeper t h a n  

16 D (4.88 m) with :,isles no narrower than 8 ti. (2.44 m), in-rack 
sprinklers shall bc installed in accordance with Table (5-14. 

6-14.1 FOl" encapsula led or nonencapsu la tcd  storage in 
mttlliple-row racks deeper  than 16 1] (4.88 m), or with 
;aisles less than 8 f/ (2.44 m) wide, in-rack sprinklers .shall 
be installed ill accordance with Table 6-14.1. 

6-14.2" Max imum horizontal  spacing of spr inklers  on 
branch lines, in multiple-row racks with encapsulated or non-  
encapsulated storage up to and including 25 ft (7.6 m) in 
height, shall nol exceed 12 ft (3.7 m) tor Class l, II, or 111 
commodities and 8 it (2.44 m) for (.;lass 1V commodities, with 
area limitations ot 10() fie (9.29 m=') per sprinkler t()1 Class 1, 
11, or I l l  commodities and 80 fie (7.43 m e) per sprinkler ti)r 
Class IV commodities. The  rack plan view shall be considered 
in de termining  tt~e area covered by each sprinkler, f h c  aisles 
shall n o t  be included it* :lye:, calculations. 

6-14.3 A m i n i n m m  of (5 in. (152.4 ram) shall be main-  
taincd between the spr inkler  deflector and the top of a tier 
ot storage. 

6-15 Ceiling Sprinkler Water Demand. 

6-15.1 For noncncapsulated Class l, l l ,  l l l ,  o r lVc<)nnnod-  
ities ceiling spr inkler  water d e m a n d  In terms of densilv 
( g p m / l t )  I(ljmln)/nl='] a,ld a,ea o sprinkler operatio(1 
[1i- (m ~) of ceiling or root] shall be selected [iom the curves in 
lqgmes 6-12(a) through (d). The curves in Figures 6-12(:11 
t luough  (d) also shall apply to portable racks arranged in Ihc 
S~lllle nl~.lnllel ~.,s single-, double-, or multiple-row racks. 
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Table 6-12 Single- or Double-Row Racks. Storage Height up to and Including 25 ft, Aisles Wider than 4 ft, without Solid Shelves. 

Aisles 
(It) Sprinklers Without In-Rack Sprinklers 

Commodity Encap- (4-4.1) Mandatory Apply Fig. 
Height Class sulated (B-6-11.2) In-Rack 

bt~ 

. :  II 

- - - d  
a., e.-, 
fij - -  

"~ E 111 
E' Yes 

N{) 

1V 
Yes 

No 

l 
Yes 

C'I  N o  G-I 

-~" 11 
= ~ Yes 

• - No 

~ 111 
Yes 

D No 

IX/ 
Yes 

No 

1 
Yes 

7- i l  
Yes 

• - No 

c Yes 
,m 

No 

IV 
Yes 

No 4 i N{} 
8 

Yes 4 N{} 
8 

No 4 N{} 
8 

Yes 4 N{} 
8 

No 4 No 
8 

4 1 Level 
8 

4 No 
8 

4 1 Level 
8 

4 N{} 
8 

4 1 Level 
8 

4 No 
8 

4 1 Level 
8 

4 No 
8 

4 1 Level 
8 

4 No 
8 

4 l Level 
8 

4 N{} 
8 

4 1 I.evel 
8 

,,.# 4 No 
8 

4 1 Level 
8 

i 

4 No 
8 

4 1 Level 
8 

4 
8 

I Level 
4 
8 

Ceiling Sprinkler Water Demand 
With In-Rack Sprinklers 

Apply Fig. 
Fig. Curves 6-9.2 Fig. Curves 6-9.2 

6-12(a) 

6-12(e) 

6-12(t)) 

6-12(e) 

6-12(c) 

6-~ 2(0 

6-12(d) 

(5-12(g) 

6-12(a) 

6-12(e) 

(5-12(b) 

6-12(e) 

6-12(c) 

6-12(f) 

6-1 2(d) 

9 4T 6-1 .  G)  

6-12(a) 

6-12(e) 

6-12(I)) 

6 - 1 2 ( e )  

6-12(c) 

6-12(t) 

6-12(d)  

6-12(g) 

C&D 6-12(a) G&H Yes 
A&B E&F 
( :&D 6-12({2) G&H Yes 
A&B E&F 
C&D 6-12(b) G&H Y e s  
A&B E&F 

C&D 6-12(e) G&H Yes 
A & B E & F 

Yes 
C&D 6-12((:) G&H Yes 
A&B E&F 
C&D 
A&B 
C&D 6-12(d)  G&H Yes 
A&B E&F 
C & l) 
A& B 

C&D 6-12(a) G&H Yes 
A&B E&F 
C&D 
A&B 

C&D 6-12(b) G&H Yes 
A&B E&F 

C&I) 
A&B 

No 
C&D 6-12(c) ( ;&H Yes 
A&B E&F 

C&D 
A&B 
C&D 6-12(d)  G&H Yes 
A&B E&F 
C&D 
A& B 

C&D (5-12(a) G&H Yes 
A&B E&F 
C&D 
A& B 

C&D 6-12(b) ( ' ,&H Yes 
A&B E&F 
C&D 
A& B 

No 
C&D 6-12({:) G&H Yes 
A&B E&F 
C&I) 
A&B 
C&D 
A&B 

C&D 
A&B 

F ( } r  SI  u r a l s :  ] h = 0 .304 , ' ;  m 
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T h e  d e s i g n  sha l l  be  s u t t i c i e n t  to satist~' a s i ng l c  p o i n t  o n  t h e  
a p p r o p r i a t e  c u r v e  r e l a t e d  to t h e  s t o r a g e  ( : o n l i g u r a t i o n  a n d  
c o m m o d i t y  class,  h sha l l  n o t  be  r e q u i r e d  t o  m e e t  all p o i n t s  
(m t h e  s e l e c t e d  c u r v e .  F i g u r e  6 -9 .2  sha l l  be  u s e d  t() a d j u s t  
d e n s i t y  f o r  s t o r a g e  h e i g h t  u n l e s s  o t h e r w i s e  spec i t i ed .  (See 
, 4 -6 -6 .1  a ~ d  , q - 6 - 1 2 . )  

6-15 .2  For  e n c a p s u l a t e d  C las s  I, II ,  o r  I l l  c o m n t ( ) d i t i e s  
wi th  s t o r a g e  h e i g h t  u p  to a n d  i n c l u d i n g  25 It (7.6 hi) 

(m  m u l t i p l e - r o w  racks ,  ce i l i ng  s p r i n k l e r  d e n s i t y  sha l l  be  
25 p e r c e n t  g r e a t e r  t h a n  fbr  n o n e n c a p s u l a t e d  c o m m o d i t i e s  
o n  n m l t i p l e - r m v  racks .  

6-15.3  For  e n c a p s u l a t e d  Class  IV c ( ) m m o d i t i e s  wi th  s t o r a g e  
h e i g h t  t ip t() a n d  i n c l u d i n g  25 it (7.6 m)  o n  m u h i p l e - r o w  
racks ,  ce i l ing  s p r i n k l e r  d e n s i t y  shall  be  50 p e r c e n t  g r e a t e r  
tha i / t (o r  n()ltetlcapsttl; .tted c o m m o d i t i e s  on  d o u b l e - r o w  racks.  

Ceiling sprinkler densi ty (L/min)/m 2 
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Curve  Legend  

A - -  Single- or double-row racks 
with 8-ft (2.44-m) aisles 
with 286°F (141°C) 
ceiling sprinklers and 
165°F (74°C) 
in-rack sprinklers• 

B - -  Single-or double-row 
racks with 8-ft (2.44-m) 
aisles with 165°F (74°C) 
ceiling sprinklers 
and 165°F (74°C) 
in-rack sprinklers• 

C - -  Single-or double-row racks 
with 4-ft (1.22-m) aisles or 
multiple-row racks with 
286°F (141°C) ceiling 
sprinklers and 165°F (74°C) 
in-rack sprinklers• 

D - -  Single-or double-row racks 
with 4-ft (1.22-m) aisles or 
multiple-row racks with 
165°F (74°C) ceiling 
sprinklers and 165°F (74°C) 
in-rack sprinklers• 

C u r v e  L e g e n d  

E - -  Sing!e-or double-row racks 
with 8#t (2.44-m) aisles 
and 286°F (141°C) ceiling 
sprinklers. 

F - -  Single-or double-row racks 
with 8-ft (2.44-m) aisles 
and 165°F (74°C) in-rack 
sprinklers. 

G - -  Single- or double-row racks 
with 4-ft (1.22-m) aisles 
and 286°F (141°C) ceiling 
sprinklers. 

H ~ Single-or double-row racks 
with 4-ft (1.22-m) aisles 
and 165°F (74°C) ceiling 
sprinklers. 

I - -  Multiple-row racks with 
8-ft (2.44-m) or wider 
aisles and 286°F (141°C) 
ceiling sprinklers. 

J - -  Multiple-row racks with 
8-ft (2.44-m) or wider 
aisles and 165°F (74°C) 
ceiling sprinklers. 

Figure 6-12(a) Sprinkler system design curves -- 20-ft (6.l-m) high rack storage -- Class 1 nonencapsulated commodities --  conventional pallets. 
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Cu rve  L e g e n d  

A - -  Single-or double-row racks 
with 8-ft (2.44-m) aisles 
with 286°F (141°C) 
ceiling sprinklers and 

~E" 165OF (74°C) 
v in-rack sprinklers. 
._~ ' B - -  Single-or double-row 

racks with 8-ft (2.44-m) 
~_ aisles with 165°F (74°C) 
o ceiling sprinklers 
~, and 165°F (74°C) 
c in-rack sprinklers. 
"~_ C - -  Single-or double-row racks 

with 4-ft (1 22-m) aisles or 
o multiple-row racks with 

286°F (141°C) ceiling 
sprinklers and 165°F (74°C) 

~ in-rack sprinklers." 
~ D - -  Single-or double-row racks 

with 4-ft (1.22-m) aisles or 
multiple-row racks with 
165°F (74°C) ceiling 
sprinklers and 165°F (74°C) 
in-rack sprinklers. 

C u r v e  L e g e n d  

E - -  Single-or double-row racks 
with 8-ft (2.44-m) aisles 
and 286°F (141°C) ceiling 
sprinklers• 

F - -  Single-or double-row racks 
with 8-ft (2.44-m) aisles 
and 165°F (74°C) in-rack 
sprinklers• 

G - -  Single-or double--row racks 
with 4-ft (1.22-m) aisles 
and 286°F (141°C) ceiling 
sprinklers. 

H - -  Single-or double-row racks 
with 4-ft (1.22-m) aisles 
and 165°F (74°C) ceiling 
sprinklers. 

I - -  Multiple-row racks with 
8-ft (2.44-m) or wider 
aisles and 286°F (141°C) 
ceiling sprinklers• 

J - -  Multiple-row racks with 
8-ft (2.44-m) or wider 
aisles and 165°F (74°C) 
ceiling sprinklers• 

Figure 6-12(b) Sprinkler system design curves -- 20-ft (6, l-m) high rack storage -- Class II nonencapsulated commodities -- conventional pallets. 
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Ceiling sprinkler density (gpm/ft 2) 

C u r v e  L e g e n d  

A - -  Single-or double-row racks 
with 8-ft (2.44.-m) aisles 
with 286°F (141°C) 
ceiling sprinklers and 
165OF (74°C) 

E in-rack sprinklers. 
B - -  Single-or double-row 

racks with 8-ft (2.44-m) 
¢ aisles with 165°F (74°C) {3. 
o ceiling sprinklers 

and 165°F (74°C) 
in-rack sprmklers. ._ 

~. C - -  Single-or double-row racks 
with 4-ft (1.22-m) aisles or 

o multiple-row racks with 
286°F (141°C) ceiling 
sprinklers and 165°F (74°C) 

= in-rack sprinklers, ._~ 
D - -  Single- or double-row racks 

m with 4-fl (1.22-m) aisles or 
multiple-row racks with 
165°F (74°C) ceiling 
sprinklers and 165°F (74°C) 
in-rack sprinklers: 

C u r v e  L e g e n d  

E - -  Single-or double-row racks 
with 8-ft (2.44-m) aisles 
and 286°F (141°C) ceiling 
sprinklers. 

F - -  Single-or double-row racks 
with 8-ft (2.44-m) aisles 
and 165°F (74°C) in-rack 
sprinklers. 

G - -  Single-or double-row racks 
with 4-ft (1.22-m) aisles 
and 286°F (141°C) ceiling 
sprinklers. 

H - -  Single- or double-row racks 
with 4-fl (1.22-m) aisles 
and 165°F (74°C) ceiling 
sprinklers. 

I - -  Multiple-row racks with 
8-ft (2.44-m) or wider 
aisles and 286°F (141°C) 
ceiling sprinklers. 

J - -  Multiple-row racks with 
8-ft (2.44-m) or wider 
aisles and 165°F (74°C) 
ceihng spnnklers. 

Figure  6-12(c) Spr ink le r  sys tem des ign  cu rves  - -  20-ft (6 . l -m)  h igh  rack  s torage  --  Class I11 n o n e n c a p s u l a t e d  commod i t i e s  - -  convent iona l  pallets.  
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C u r v e  L e g e n d  

A - -  Single-or double-row racks 
with 8-ft (2.44-m) aisles 
with 286°F (t41°C) 
ceiling sprmklers and 
165OF (74°C) 

E in-rack sprinklers. 
B - -  Single-or double-row 

racks with 8-ft (2.44-m) 
~_ atsles with 165°F (74°C) 
o ceiling sprinklers 

and 165°F (74°C) 
in-rack sprinklers. 

~. C - -  Single-or double-row racks 
with 4-fl (1.22-m) aisles or 

"6 mulftple-row racks with 
286°F (141°C) ceiling 
sprinklers and 165°F (74°C) 

._~ in-rack sprinklers. 
D - -  Single-or double-row racks 

with 4-ft (1.22-m) aisles or 
multiple-row racks with 
165°F (74°C) ceiling 
sprinklers and 165°F (74°C) 
in-rack sprinklers. 

C u r v e  L e g e n d  

E - -  Single-or double-row racks 
with 8-ft (2.44-m) aisles 
and 286°F (141°C) ceiling 
sprinklers. 

F - -  Single-or double-row racks 
with 8-ft (2.44-m) aisles 
and 165°F (74°C) in-rack 
sprinklers. 

G - -  Single-or double-row racks 
with 4-ft (1.22-m) aisles 
and 286°F (141°C) ceiling 
sprinklers. 

H - -  Single-or double-row racks 
with 4-ft (1.22-m) aisles 
and 165°F (74°C) ceiling 
sprinklers. 

Figure  6-12(d) Spr ink le r  sys tem des ign  cu rves  - -  20-ft (6 . l -m) h igh  rack s torage  - -  Class IV n o n e n c a p s u l a t e d  commod i t i e s  - -  convent iona l  pallets.  
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Curve Legend 

18.3 20.4 A -- 8-ft (2.44-m) aisles with 
286°F (141°C) ceiling 
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Ceiling sprinkler density (gpm/ft 2) 

Curve Legend 

E - -  8-ft (2.44-m) aisles with 
286°F (141°C) ceiling 
sprinklers. 

F - -  8-ft (2.44-m) aisles with 
: 165°F (74°C) in-rack 

sprinklers. 
G - -  4-ft (1.22-m) aisles with 

286°F (141 °C) ceiling 
sprinklers. 

H - -4- f t  (1.22-m) aisles with 
165°F (74°C) ceiling 
sprinklers. 

F i g u r e  6 - 1 2 ( e )  S i n g l e -  o r  d o u b l e - r o w  r a c k s  - -  2 0 - f t  
t i e s  - -  c o n v e n t i o n a l  p a l l e t s .  

( 6 . l - m )  h i g h  r a c k  s t o r a g e  -- s p r i n k l e r  s y s t e m  d e s i g n  c u r v e s  - -  C l a s s  I a n d  11 e n c a p s u l a t e d  c o m m o d i -  
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Ceiling sprinkler density (gpm/ft 2) 

Curve Legend Curve Legend 

A -  8-ft (2.44-m) aisles with C - -4- f t  (1.22-m) aisles with 
286°F (141 °C) ceiling 286°F (141°C) ceiling 
sprinklers and sprinklers and 
165°F (74°C) 165°F (74°C) 
in-rack sprinklers, in-rack sprinklers. 

B - -  8-ft (2.44-m) aisles with D - -  4-ft (1.22-m) aisles with 
165°F (74°C) ceiling 165°F (74°C) ceiling 
sprinklers and sprinklers and 
165°F (74°C) 165°F (74°C) 
in-rack sprinklers, in-rack sprinklers. 

F i g u r e  6 -12 ( f )  S i n g l e -  o r  d o u b l e - r o w  r a c k s  - -  2 0 - f l  ( 6 . l - m )  h i g h  r a c k  s t o r a g e  - -  s p r i n k l e r  s y s t e m  d e s i g n  c u r v e s  - -  C l a s s  I I I  e n c a p s u l a t e d  c o m m o d i t i e s  - -  

c o n v e n t i o n a l  p a l l e t s .  
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C u r v e  L e g e n d  C u r v e  L e g e n d  

A - - 8 - f t  ( 2 . 4 4 - m )  aisles with C - - 4 - f t  ( 1 . 2 2 - m )  aisles with 
286°F (141 °C) ceiling 286°F (141 °C) ceiling 
sprinklers and sprinklers and 
165°F (74°C) 165°F (74°C) 
in-rack sprinklers, in-rack sprinklers. 

B - -  8-ft (2.44-m) aisles with D - -  4-ft (1.22-m) aisles with 
165°F (74°C) cei!ing 165°F (74°C) ceiling 
spnnklers and sprinklers and 
165°F (74°0) 165°F (74°C) 
in-rack sprinklers, in-rack sprinklers. 

Figure  6-12(g) Single-  or  doub le - row racks --  20-ft (6 . l -m)  h igh  rack  s torage  - -  sp r ink le r  sys tem des ign  cu rves  - -  Class IV encapsn l a t ed  commod i t i e s  - -  
conven t iona l  pallets.  

T a b l e  6 - 1 4  M u l t i p l e - R o w  R a c k s .  R a c k  D e p t h  u p  to  a n d  I n c l u d i n g  1 6 ' f t ,  
A i s l e s  W i d e r  t h a n  8 ft ,  S t o r a g e  H e i g h t  u p  to  25  ft .  
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FIRE I'R()TFCI'ION STOIL-\(;E OVER 25 FT (7.(5 M) IN HEIt;HT 2 3 1 C - 1 7  

Commodity 
Height Class 

1 

()~cr 12 li. Ii 
[I ) (O { l l / d  
in('htdiug 

15 R < I11 

1V 

i 

(ivcr 15 h I1 
tl ) [o { l l l d  
l i l t  tl( n g  

20 li I l I 

It.' 

I 

()vcr 20 [i II 
tip II) and 
indu(img 

~5 li 111 

IV 

l:or SI units: ti = 0.3048 m 

Table 6-14.1 Multiple-Row Racks; Rack Depth Over 16 ft or Aisles 
Narrower than 8 fI, Storage Height up to and Including 25 ft. 

Ceiling Sprinkler Water Demand 

Sprinklers 
Encap- Mandatory Apply Fig. 
sulated In-Racks Fig. No. Curves 6-9.2 

No 6-12(a) 
Yes 6-12(a) 
No No 6-12(I)) 
\'cs 6-12(I)) 

C&I) Yes 
No 6-12(c) 

Yc~ 1 l eve l  li-12tc) 
No No 6-12(d) 

Yes 1 leve l  6-12(d) 
No 6-12(a) 

'.'cs 6-12(a) 
No 6-12(b) 
X,'c~ 6-12(b) 

1 level C&I)- Yes 
No 6-12(c) 
','c~ 6-12(c) 
No 6-12(d) 
Yc'~ 6-12(d) 

- N, ,  6 12(a) 

Yes 6 12(a) 
No 6-12(b) 

1 level 
Yes 6-12(I)) 

CK'I) No 
No 6-12(c) 
",'cs l i - I  2((.) 

No 2levels - -6"12(d)  ] 
Yes 6-12(d) I 

With In-Rack Sprinklers 

1.25 x Density 
N o  

Yes 
No 
Yes 
N o  

Yes 
N o  

1.50 x den'.>itx 

No 
Yc~ 

N o  

Yes 
No 
X[C~, 

N o  

1.50 k dcnsitv 
N,) 

Ycs  

N o  

Yes 
No 
xI'CS 

N o  

1.50 x dcnsii) 

Without In-Rack Sprinklers 
Apply Fig. 

Fig. No. Curves 6-9.2 

6-12(a$ l&t] Yes 
6-12(a) K'-'q ] 

6-12(b) l&,l "¢c~ 
6-12(b) Igc l 
6-12(c) I &,] Yes 

• > 

6-12(d) C&l) N(F .. 

1.25 x Density 
N o  

Yes 

N o  

X2CS 

N o  

N o  

Chapter 7 Fire Protec t ion  - -  Storage over  25 ft 
(7.6 m) in H e i g h t  

P a r t  A G e n e r a l  

7-1 In-Rack  S p r i n k l e r  T y p e .  Spr ink le r s  in racks shall be 
] o M i n a r y  t e m p e r a t u r e  s t a n d a r d  r e s p o n s e  classification with 

nomina l  VL,-in. (12 .7-ram) or  17/32-in. ( 13.5-m m) orif ice size, 
p e n d e n t  or  up r igh t .  Sp r ink l e r s  with  212°F (100°C) and  
286°F (141°C) t e m p e r a t u r e  ra t ings  shall be used  n e a r  hea t  
sources  as r e q u i r e d  in NFPA 13, Slamlard/or lhe ht,~tallatio, 
o f  Spri,kh, r Systems. 

] Exception: Quick-res/m,,w, sprmtUer.~ shall be permitt~;d to be 
mst,lh:d i~ rack~. 

7-2 In -Rack  S p r i n k l e r  S p a c i n g .  In - rack  sp r ink le r s  shall  
be s t agge red  hor izon ta l ly  a n d  vertically w h e r e  insta l led in 
acco rdance  with f a h l e  7-10.1, F igures  7-10. 1 (a) t h r o u g h  
(j), a n d  Figures  7-10.3(a) t h r o u g h  (e). 

7-3 In -Rack  S p r i n k l e r  P i p e  Size. T h e  n u m b e r  of  sp r in -  
klers a n d  the  p ipe  sizing on  a l ine of  sp r ink le r s  in racks 
shall be  res t r i c ted  only by h v d l a u l i c  ca lcula t ions  a n d  no t  by 
any p ip ing  schedule .  

7-4 In -Rack  S p r i n k l e r  Water  Sh ie lds .  W a t e r  shields  shall  
be p r o v i d e d  d i rec t ly  above  in - rack  sp r ink le r s ,  or  l isted 
sp r ink le r s  e q u i p p e d  with wa te r  shields  shall be p r o v i d e d  
w h e r e  t h e r e  is m o r e  thafi  o n e  level, if no t  sh ie lded  by hor -  
izontal  bar r ie rs .  (See B-6-4.) 

] 7-5 In -Rack  Spr ink ler  Locat ion .  In single-row, double -  
row, or  muhip le - row racks, a m i n i m u n l  6-in. (152 .4-nm0 ver- 
tical clear space shall be  ma in t a ined  be tween  the  spr ink le r  
deflectors and the top of  a t ier of  storage. Face spr inklers  in 
s n c h  racks shall be located a m i n i m m n  of  3 in. (76.2 ram) 
from rack upr igh ts  and  no  more  than  18 in. (0.46 m) f iom 
the aisle face of  storage. O t h e r  spr inklers  in racks shall be 
located a n l in in lun l  of  2 ft (0.61 m) f lom rack upr ights .  

Excepzio'n: tVhere the distance between uprghl,s is/e.v,~ llm~ 4.fi 
(1.22 m). s/,inkle~:* shall be cente~vd between uprights. 

7-6 In -Rack  Spr ink ler  D i s c h a r g e  Pres sure .  Spr ink le r s  in 
I racks shall  d i scha rge  at  no t  less t h a n  30 gpni  (113.6 L /min i  

tor  till classes of  commodi t i e s ,  tSee B-6-8.) 

7-7 1n-Rack Spr ink ler  Water  D e m a n d .  

7-7.1 "Fhe water  d e m a n d  for sp r ink le r s  insta l led in racks 
sh~01 be  b a s e d  on  s i m u l t a n e o u s  o p e r a t i o n  of  the  mos t  
hydraul ica l ly  r e m o t e  sp r ink le r s  as tbllows: 

(a) Six sp r ink le r s  w h e r e  only one  level is ins ta l led in 
racks with Class 1, I1, or  I I I  commodi t i e s ;  

(b) Eight  sp r ink le r s  w h e r e  only one  level is ins ta l led in 
racks with Class 1V commodi t i e s ;  

(c) T e n  sp r ink le r s  (five on  each two top  levels) whe re  
m o r e  t h a n  one  level is ins ta l led in racks with (:lass 1, 11, or  
I 11 commodi t i e s :  

(d) F o u r t e e n  sp r ink le r s  (seven on  each two top levels) 
w h e r e  move t han  one  level is ins ta l led in racks with Class 
IV commodi t i e s .  
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7-8 H i g h - E x p a n s i o n  Foam S u b m e r g e n c e .  W h e r e  h igh-  
e x p a n s i o n  fbam systems a l e  used  f o r  s to rage  over  25 ft 
(7.(5 m )  high  t i p  t() a n d  i n c l u d i n g  35 f l  (10.67 m )  high,  they 
shall be used  in c o n i b i n a t i o n  with cei l ing spr inklers .  T h e  
l n a x i m u i n  sub lnevgence  t ime  for rite h igh -expa t l s ion  foam 
shall be 5 m i n u t e s  tor  Class 1, 1I, or  111 co lnmodi t i e s  a n d  
4 m i n u t e s  to t  Class IV commodi t i e s .  

7-9  H i g h - E x p a n s i o n  F o a m - - C e i l i n g  S p r i n k l e r  W a t e r  
D e m a n d .  W h e r e  h ig l t -exl )ans i tm fi)am is used  in contbi-  
na t ion  with cei l ing spr ink le rs ,  the  n f i n i m u m  cei l ing spr in-  

• 9 "2 • 2 kler  des ign  dens i ty  shall be  0 . ,  gpm/ l t  [(8.15 L/tnm)/m ] 
lo t  Class I, II ,  o r  l l I  c o m m o d i t i e s  a n d  0.25 gpm/f l  ~ 
[(10.2 l j m i n ) / m  e; for Class IV c o m m o d i t i e s  tb r  the  mos t  
hydrau l ica l ly  r e m o t e  2000-ft  e (185.8-m'-') area.  

P a r t  B D o u b l e -  a n d  S i n g l e - R o w  R a c k s  

7-10  In -Rack  S p r i n k l e r  Locat ion .  

7-10.1 In th)uble-row racks wi thout  st)lid shelves and  with a 
tnax imunl  of  10 ft (3.1 m) be tween  the  top of  s to rageand  the 
ceiling, in-rack spr inklers  shall be inslalled in accordance  with 
Table  7-10.1 a n d  F igmes  7-10.1 (a) t h r o u g h  (j). T h e  h ighes t  
level of  in-rack spr inklers  shall be not  more  than  10 ft (3.1 hi) 
below the top of  storage. (See Sect:o~t 7-11 .) 

7-10.2 hi-rack sprinklers for storage h igher  than 25 f't (7.6 m) 
in double-row racks shall be spaced boriztmtally and  located in  
the horizontal  space nearest  the vertical intervals specified in 
Table  7-10.1 and  Figures 7-10.1(a) t h rough  (j). 

7-10.3" in  single-row racks without  solid shelves with storage 
he(girt over  25 fi (7.6 m) an(t a m a x i n m m  of 10 it (3.1 m) 
between tim top of  storage and  the ceiling, sprinklers shall be 
installed in accordance wilh Figures 7-10.3(a) t h rough  (e). 

7-11" In -Rack  Spr ink ler  H o r i z o n t a l  Barr iers .  Hor izon-  
tal ba r r i e r s  used  in  c tmjunc t ion  with in- rack  sp r ink le r s  to 
i m p e d e  vert ical  fire d e v e l o p m e n t  shall  be cons t ruc t ed  of  
shee t  me ta l ,  wood,  or  s imilar  n ta te r ia l  a n d  shall e x t e n d  
the  full l eng th  a n d  wid th  of  the  rack. Bar r i e r s  shall be fit- 
t ed  w i t h i n  2 in.  (50.8 r am)  h o r i z o n t a l l y  a r o u n d  rack  
upr igh t s .  [See Table 7-10.1, Fgltre.~ 7-10.1(a), (g), a~d 0), amt 
Figure.s 7-10.3(c) and (e).] 

7-12 C e i l i n g  S p r i n k l e r  Water  D e m a n d .  

7-12.1"~ T h e  water  d e m a n d  tbr  nonencapsu l a t ed  s torage 
tm racks wi thout  solid shelves separa ted  by aisles at least 4 fi 
(1.22 m) wide and  with not  n lore  than  10 ti (3.1 m) be tween  
the  top of  s torage and  the  spr inklers  shall be based on spr in-  
klers in a 2000-fi e (185.8-m:') ope ra t ing  area,  d i scharg ing  a 
m i n i m u m  of 0.25 gpm/t{ e [(10.18 k/nt in) /m ~] for (;lass 1 com- 
modities,  0.3 gpm/fi  e [(12.2 [dniin)/ tn e; tbr  Class I1 and  I I I  

Commodity 
Class 

I, 11, & 111 

I, 11, 111, 
& IV 

Table 7-10.1 Double-Row Racks without 

In-rack sprinklers --  approximate 
vertical spacing at tier nearest 

the vertical distance and maximum 
horizontal spacing L2 

olid Shelves. Storage Higher than 25 ft, Aisles Wider than 4 ft 

Ceiling Sprinkler Density 
Maximum Ceiling (gpm/sq It) 6 

Storage Stagger Sprinkler Clearance5 
Height Operating 

up to 10 ft 7 
Longitudinal 

Flue 3 

Fig. 
No. 

Face 4,8 

\:crtical 20 ft. 
Hor i zon ta l  10 .[i None 7-10. l(a) 30 ft  

t l l ldcl- hor izonta l  
b}I1TiCl'S 

Ver t ica l  20 f i Ver t ica l  20 ti 7-10.1(I)) H i g h e r  Ihal t  
Horizontal 10 ({ Horizontal 10 fl 25 1i 
Vcrtic,d 10 ti 

()1" at 15 ff & 25 fi NII)I](2 7-10.1(c) :40 l i  
Hor iTonta l  10 fl 
Vertical 10 ti \:crtic,ll 30 t7 7-10.1 (d) 
Hol- iz(mtal  10 fl Hor i zon ta l  10 ti 
Vcriical 20 fi \:crtical 20 ft 7-10.1 (c) 
Hor i zon ta l  10 ft Hor i zon ta l  5 tt 
\:ertical <:" 1( Vertical 25 fl 7-10.1(0 25 ti _.) Higher than 
td(n'iz(intal 5 ti Horizontal 5 1i 

7-i0.1(g) 

Hor i zon la l  t )arr icrs  at 20 !~..Vcrtical 
inicrwlls--2 hnes of sjJrinkldrs 
tllldel" b:-trriels-- lllaXlltl tl I11 
h( i r izont ,d spacing 10 ti staggered. 
Ver t ica l  15 li Ver t ica l  20 It 

• Ho r i zon ta l  10 ti Ho r i zon ta l  10 ti 

No 

7-10.1(h) 

Ver t ica l  20 fl Ver t ica l  20 ['t 7-10.1 (i) 
Horizontal 5 fl Horizolmtl 5 ti Higher dlan 
Hor i zon ta l  bar r ie rs  :It 15 D. Vcr t i ca l  25 ti 
i n te rva l s - -2  l ines of" sprinkler 7-10.1 (j) 
tl Ildel" b~ll'l 'iCl'S-- III~IXIIII U Ill 
horizontal spacing 10 fl staggered 

Y e s  

Yes 

2000 ti'-' 

YeS 

Yes 2000 t( ~ 

No 

Yes  

"Yes 

No 
2o00 if-' 

Y e s  

For SI Untt,;: fl - 0.3048 m 

Footnotes to Table 7-10.1 
'Mmimmn in-rm k slmnklcr prc~,surc, 30 psi (2.1 bar) (Sc(fion 7-6). 
~Wat(.'r shicMs rcquwcd (Section 6-4 and Section 7-4). 
~lnqall splinklcrs at Icaq 2 fi (0.61 m) hom upri,~hts (A-t;-5.1). 
~lnst;lll ,,prmklcrs ;it loam 3 in. (76.2 ram) fiom uprights (Sc('tion 7-5). 
5(]]C;tl't|l]CC iS dI~[HIIC(" I)C[WCCI] It) I) ()t SIoI ~lgC HIId C('lhli~. 

165 ° 

0.25 

, 0.95 

.0.30 

286 ° 

0.35 

o.i~5 

0.40 

0.30 0.40 

(}.30 0.40 

0.30 0.40 

0.30 0.40 

0.35 0.45 

0.35 " 0.45 

0.35 0.45 

"For cncapsulaicd conmmdHv, increase density 25 pcrcenl (7-12.1 ). 
:See A-7- ] 0.3, ,,kit I I 1, a nd A-7-12. l ti)r p r()t¢cti( )ll ]-cC()lllmmMations ;vhcre 
clearance is greater dmn 10 ti (3.05 m). 
*Fact ~q)rnaklcr~, shall not I)c re(lmrcd toy a class l commodily conslst'ing (it 
liOllCOIIIbtlMII)l(' I)ro(hlcts on wood pHHcI% (D, llholl[ combuMil)le cont}lineF~,) 
except tbr avva) ,, shown m lqgu re 7-10. I (g) and lqgurc 7- l 0. l (J). 
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FIRE ;'ROTECI'I(3N -- STOIL~\(-;E OVER 25 I:T (7.6 M) IN tlEIL,;IT 231C-19  

I--Ixi-q N Fq 
i-I I-I 

i--lxl-I i--IX  
IN i--1 I---I I--q 
 xl--I N 
i--q IN FqN 

Barrier 

/ 

Plan view Elevation 

NOTES: 
1. Symbol X indicates in-rack sprinklers. 
2. Each square in the figure represents a storage cube measuring 4 ft to 

5 ft (1.25 m to 1.56 m) on a side, 

Figure 7-10.1(a) In-rack sprinkler arrangement, Class I commodities, 
maximum storage height 25 ft to 30 ft (7.6 m to 9.1 m). 

commodi t ies ,  and  0.35 gpm/fi'-' [(14.26 L/min)/m ~] for Class 
IV commodi t ies ,  tin: 165°F (74°C) ra ted  spr inklers ;  or  a 
m i n i m u m  of  0.35 gpm/f(-' [(14.26 L/min)/m'-'] for Class 1 
commodi t ies ,  0.40 gpm/tt~ [(56.3 I.jmin)/m'-'] [br Class I1 
and I I I  commodi t ies ,  and  0.45 gpm/ t t  e [(58.3 L/min)/m e] 
for Class IV commodi t ies ,  tbr  286°F (141°C) ra ted  sprin-  
klers. (See Table 7-10.1.) 

7-12.2 Where  s torage as descr ibed  in %12.1 is encapsu-  
lated, ceil ing sp r ink le r  densi ty shall be 25 percent  g rea te r  
than for nonencapsu l a t ed  s torage:  

Part  C M u l t i p l e - R o w  Racks  

7-13"  I n - R a c k  S p r i n k l e r  L o c a t i o n .  In m u h i p l e - r n w  
racks with a max imun l  of 10 ft (3.1 m) between the top of  
s torage and the ceiling, in- rack-spr inklers  shall be instal led 
as indica ted  in Figures  7-13(a), (b), and  (c). The  highest  
level of  in-rack spr inklers  shall be not more  than 10 ft 
(3.1 m) below m a x i m u m  storage he ight  tor  Class 1, 1I, or 
I l l  commodi t i e s  or  5 ft (1.52 m) below the top of s torage 
for Class IV commodi t ies .  (See 7)dde 7-13.) 

7-14 I n - R a c k  S p r i n k l e r  Spac ing .  M a x i m u m  hor izonta l  
spacing of spr inklers  in mul t ip le - row racks with s torage 
h igher  than 25 ft (7.(5 m) shall be in accordance  with Fig- 
ures 7-13(a), (b), and (c). 

7-15 Ce i l ing  S p r i n k l e r  Water Demand.  

7-15.1- T h e  water  d e m a n d  tor  nonencapsu la t ed  s torage 
on racks wi thout  solid shelves sepal"ated by aisles at least 
4 ft (1.22 m) wide and with not  more  than 10 ft (3.1 m) 
between the top of s torage and the sp( ink lers  shall be based 

• " 9 • 9 . o . . on spr inklers  in a _000-h- (18a.8-m-) ope ra t ing  area tot  
mult iple-row racks, d ischarging a min imum of  0.25 gpm/t[ e 
[(10.19 L/min)/m'-'] for Class i con~modities, 0.3 gpm/fi'-' 
[(12.2 L/min)/m 2] for Class II and 11I commodit ies ,  ' and 
0.35 gpm/ft'-' [(14.26 L/min)/m'-'] for Class IV commodit ies ,  for 
165°F (74°C) rated sprinklers;  or a min imum of  0.35 gpm/ff-' 
[(14.26 L/min)/m ~] for Class 1 commodi t ies ,  0.40 gpm/ft'-' 
[(56.8 L/min)/m'-'] tbr Class 11 and II1 commodities,  and 
0.45 gpm/fi'-' [(18.3 L/min)/m'-'] tbr Class IV comLnodities, tot  
286°F (141°C) rated stninklers.  (See 7?zble 7-13.) 

A A A 3 

A 2 
X A 

I-qx  i-ql-q 
A x S  c 
N ' N  Pr e ~ 

i n "-- - - - - -~X X X " , l  

SxS/ , 
~ - - - ~ A ~  er s [ ~ [ ~  

, x l--J I- I  
Plan view Elevation 

NOTES: 
1. Sprinklers labeled 1 (the selected array from Table 7-10.1) shall be 
required Where loads labeled A or B represent top of storage. 
2. Sprinklers labeled 1 and 2 shall be required where loads labeled C or 
E) represent top of storage. 
3. Sprinklers 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 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 in the figure Eepresents a storage cube measuring 4 ft to 
5 ft (1.25 m to 1.56 m) on a side. 

Figure 7-10.l(b) In-rack sprinkler arrangement, Class I commodities, 
storage height over 25 ft (7.6 m). 

l--Ix{--I I- I  N 

© 1-1 i-lxl-q 
D x N  ' 

I-I,i--1 I-I i--1 
Plan view Elevation 

NOTES: 
1. Alternate location of in-rack sprinklers. Sprinklers may be installed at 
the second and fourth or the third and fifth tiers, 
2. Symbol A or X indicates sprinklers on vertical or horizontal stagger. 
3. Each square in the figure represents a storage cube measuring 4 ft or 
5 ft (1.25 m to 1.56 m) on a side. 

Figure 7-10.1(c) In-rack sprinkler arrangement, Class I, II, or Ill  com- 
modities, maximum storage height 25 ft to 30 fl (7.6 m to 9.1 m). 

7-15.2 Where  such s torage is encapsula ted ,  ceiling sprin- 
kler  densi ty  shall be 25 percen t  g rea te r  than for nor tencap-  
sulated storage.  
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5 A A A 

~ 7  
FqFq 

4 l~lXl__.~..] 

N~7 
FqN 
X X X 

I-7,l-7 
SV7 
FqC~ 

11-1Xl- 7 

F-7~ 

A X 

i l l - - i  F X a 3 
S c 

X /' p e 

i - IC1  r, 
A X , ~  n - ~  

l--lxl--l~, " ~  
X Z ~ - -  e D D  r 

A s 

A X 
1 ~xQ 

X A 

A X 
Plan view 

Elevation 

NOTES: 
1. Sprinklers labeled 1 shall be required where loads labeled A represent 
the top of storage. 
2. Sprinklers labeled 1 and 2 shall be required where loads labeled B or 
C represent top of storage. 
3. Sprinklers labeled 1,2, and 3 shall be required where loads labeled D 
or E represent top of storage. 
4. Sprinklers labeled 1, 2, 3, and 4 shall be required where loads 
labeled F or G represent top of storage. 
5. Sprinklers labeled 1,2, 3, 4, and 5 shall be required where loads 
labeled H represent top of storage. 
6. For storage higher than represented by loads labeled H, the cycle 
defined by Notes 3, 4, and 5 is repeated with stagger as indicated. 
7. The indicated face sprinklers shall be permitted to be omitted where 
commodity consists of unwrapped or unpackaged metal parts on 
wood pallets. 
8. Symbol A or X indicates sprinklers on vertical or horizontal stagger. 
9. Each square in the figure represents a storage cube measuring 4 ft to 
5 ft (1.25 m to 1.56 m) on a side. 

Figure  7-10.1(d) In- rack  spr inkler  a r rangement ,  Class I, II, or  III  commodit ies ,  s torage height  over 25 ft (7.6 in). 

~ N  
~Fq 
X A X Fq~ 

A 

I-q,N 

X X 

X X 

I-H-7 ~a 
X X S c 

I - - T A D  p e 
x x ' ,  l-ql-q 

X n k---"-~ X X X N Gx/ 'e 
N A [ ~ x  / rs ~- -1  m 

I-7xI-1 I'1 I-1 
X X 
Plan view F--~ ~ - ~  

Figure  7-10.1(e) 

Elevation 

In-rack spr inkler  a r rangement ,  Class I, I1, or III commodit ies ,  s torage height  over 25 ft (7.6 m). 

NOTES: 
1. Sprinklers labeled 1 (the selected array from Table 7-10.1 ) shall be 
required where loads labeled A or B represent top of storage. 
2. Sprinklers labeled 1 and 2 shall be required where loads labeled C or 
D represent top of storage. 
3. Sprinklers 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 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 in the figure represents a storage cube measuring 4 ft to 
5 ft (1.25 m to 1.56 m) on a side. 
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X X 

~XE]F 
X X a ~xD ~c 

p e 

X X r Nxq/n , 

D×D 
X X 

½×D 
X X 

Plan view 

Figure 7-10.1(D 

Fq~ 
NFq 
X X X Fq~ 
X X X FqFq 
FqN 

X Fq~ 
NFq 
X X X D D  
D D  
NC] 
D D  
D D  

Elevation 

">k" 
NOTES: 
1. Sprinklers labeled 1 (the selected array from Table 7-10.1 ) shall be 
required where loads labeled A or B represent top of storage. 
2. Sprinklers labeled 1 and 2 shall be required where loads labeled C or 
D represent top of storage. 
3. Sprinklers labeled 1 and 3 shall be required where loads labeled E 
represent top of storage. 
4. Sprinklers labeled 1 and 4 shall be required where loads labeled F or 
G represent top of storage. 
5. For storage higher than represented by loads labeled G, the cycle 
defined by Notes 2, 3, and 4 is repeated. 
6. Symbol X indicates face and in-rack sprinklers. 
7. Each square in the figure represents a storage cube measuring 4 ft to 
5 ft (1.25 m to 1.56 m) on a side. 

In-rack sprinkler arrangement,  Class I, II, or III commodities,  storage height over 25 ft (7.6 m). 

N ~  
N N  

/ o  o 
Barrier [ - ~  [ ~  

~ N  
A FqFq 

Fq~ 

O X 

X O 

0 X F 

N N  a z~ S c 

X O P e 

[ ~  E ~  r i n ' ' ' " ~  X r~ l  

0 X , ~  k L__J 

N A [ ~ O  ~ '  er 

i--IN si-I 
O X 

Plan view D 

X 1 NOTES: 
D 1. Sprinklers labeled 1 (the selected array from Table 7-10.1 ) shall be 

required where loads labeled A or B represent top of storage. 
[ ~  2. Sprinklers labeled 1 and 2 shall be required where loads labeled C or 

D represent top of storage. 
3. Sprinklers 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 Notes 2 and 3 is repeated. 
5. Symbols O, A, and X indicate sprinklers on vertical or horizontal 
stagger. 
6. Each square in the figure represents a storage cube measuring 4 ft to 

Elevation 5 ft (1.25 m to 1.56 m) on a side. 

In-rack sprinkler arrangement,  Class I, II, or III commodities,  storage height over 25 ft (7.6 m). Figure  7-10.1(g) 
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N N  
F~F~ 
O O 9  

IExt-q 
i-q l-q 8 

X 7 

I--1~1-1 o ~ o 6  o o F T S I  ~ 
I - - ]~  s° X p e A 5 

o o r  ~ l - - q  f--'~ ~'-] i 
A nk N ~ - ~  

O 0 ~-----~_ I 

N ~ O  S ~ , . N X ~ o  4 

N A [ ~ O  S ~ " ~  3 

F--lx~ ½ l-q 
O O 2 

Plan view ~ ~  ~ - ~  

N ~  
O O1 

I - q~  
X 1 

N D  

S ©  
D D  

Figure 7.10.1(h) 

Elevation 

NOTES: 
1. Sprinklers labeled 1 (the selected array from Table 7-10.1 ) shall be 
required where loads labeled A or B represent top of storage. 
2. Sprinklers labeled 1 and 2 shall be required where loads labeled C or 
D represent top of storage. 
3. Sprinklers labeled 1 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 H represent top of storage. 
6. Sprinklers labeled 1,2, 3, 4, and 6 (not 5) shall be required where 
loads labeld I or J represent top of storage. 
7. Sprinklers labeled 1,2, 3, 4, 6, and 7 shall be required where loads 
labeled K represent top of storage. 
8. Sprinklers labeled 1,2, 3, 4, 6, and 8 shall be required where loads 
labeled L represent top of storage. 
9. Sprinklers labeled 1,2, 3, 4, 6, 8, and 9 shall be required where 
loads labeled M or N represent top of storage. 
10. For storage higher than represented by loads labeled N, the cycle 
defined by Notes 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 
stagger. 
12. Each square in the figure represents a storage cube measuring 
4 ft to 5 ft (1.25 m to 1.56 m) on a side. 

In-rack sprinkler arrangement, Class I, II, 1II, or 1V commodities, storage height over 25 ft (7.6 m). 
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FIRE I 'ROTECTtON --  STOI(AGE OVER 25 lrl - (7.6 M) IN HEI ( ;HT  2 3 1 C - 2 3  

X X X 3  

x x ~ l - q  
I--Ixl--1 F IE  I-q 
X X a X 2 xDq So pr e [ ~ ]  "~B--~ 

~ X [ ' ~ J  i n ' - .  

. . . .  I "&X X X 1 

xDXqj 
~ x l - I  i-1 N 
X X 

rq 
X X 

Planview r - ~  N 

Figure  7-10.1(0 

Elevation 

NOTES: 
1. Sprinklers labeled 1 (the selected array from Table 7-10.1 ) shall be 
required where loads labeled A or B re'present top of storage. 
2. Sprinklers labeled 1 and 2 shall be required where loads labeled C or 
D represent top of storage. 
3. Sprinklers 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 Notes 2 and 3 is repeated. 
5. Symbol X indicates face and in-rack sprinklers. 
6. Each square in the figure represents a storage cube measuring 4 ft to 
5 ft (1.25 m to 1.56 m) on a side. 

In- rack  spr ink ler  a r rangement ,  Class I, II, III, or  IV commodit ies ,  s torage height  over 25 ft (7.6 m). 

N ~  
[qFq 

Barrier O 2 

a X X 1  
x e / /  i--lo1~ s c L-q I---1 

X A i 

D O [ ~  ° rs  ~ ]  ~ - ]  

X A Elevation 

A X 

DoD 
X A 

Plan view 

NOTES: 
1. Sprinklers labeled 1 (the selected array from Table 7-10.1 ) shall be 
required where loads labeled A or B represent top of, storage. 
2. Sprinklers labeled 1 and 2 and barrier labeled 1 shall be required 
where loads labeled C represent top of storage. 
3. Sprinklers and barriers labeled 1 and 3, shall be required where 
loads labeled D or E represent top of storage. 
4. For storage higher than represented by loads labeled E, the cycle 
defined by Notes 2 and 3 is repeated. 
5. Symbol A or X indicates sprinklers on vertical or horizontal stagger. 
6. Symbol O indicates longitudinal flue space sprinklers. 
7. Each square in the figure represents a storage cube measuring 4 ft to 
5 ft (1.25 m to 1.56 m) on a side. 

Figure  7-10.1(j) In- rack  spr inkler  a r rangement ,  Class I, II, l l I ,  or  IV commodit ies ,  s torage height  over 25 ft (7.6 m). 
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D 
A 

D 
C] 

X 

N 
x I--I 

z& 

[3 C] 
X 

n 
& 

N N 
X & 

N C] 
A 

C] [3 X 
X 

Plan view ]-"-- ]  

I--1 
Elevation 

NOTES: 
1. For all storage heights, sprinklers shall be installed in every other tier 
and staggered as indicated. 
2. Symbol A or X indicates sprinklers on vertical or horizontal stagger. 
3. Each square in the figure represents a storage cube measuring 4 ft to 
5 ft (1.25 m to 1.56 m) on a side. 

Figure 7-10.3(a) Class I, II, III,  or  IV commodit ies .  In- rack  spr ink ler  
arrangement,  single-row racks,  s torage height over 25 ft (7.6 m). 

NOTE: 

D , 
X 

N 
C] 

D 
D [3 X 

D 
X 

X 

X 

N D 
X 

D 
X 

D [3 
I-1 

Plan view D 

AllIV/// / I I I  k\\W/ 
Elevation 

t .Each square in the figure represents a storage cube measuring 4 ft to 
5 ft (1.25 m to 1.56 m) on a side. 

Figure  7-10.3(b) Class l,  II, or  III commodit ies .  

~,~.'-, 
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NOTE: 

X 

C~ 
C] 

X 

D 
Fq 

X 

D 
D 

Plan view 

F1 
71 
71 

X 
Barriers [ ~  

AIIIV////III~\\~'// 
Elevation 

1. Each square in the figure represents a storage cube measuring 4 ft to 
5 ft (1.25 m to 1.56 m) on a side. 

Figure  7-10.3(c) Class I, II, or  l I I  commodit ies .  

NOTE: 

X 

C~ 

D 

71 Vq 
C] C~ 

X 

X 

Q F q X 

Fq Fq X 
X Q 

Plan view ~ ]  

AIIIV////IIIk\\W/ 
Elevation 

1. Each square in the figure represents a storage cube measuring 4 ft to 
5 ft (1.25 m to 1.56 m) on a side. 

Figure  7-10.3(d) Class I, If, III,  or  IV commodit ies .  
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fq 
X 

C] 
Fq 

X 

X 

D 

Plan view 

X 

V1 
½ 

V1 
D 

D 
D 

A~IIV////IIIh\\V// 
Elevation 

NOTE: 
1. Each square in the figure represents a storage cube measuring 4 ft to 
5 ft (1.25 m to 1.56 m) on a side. 

Figure 7-10.3(e) Class I, II, Ill, or IV commodities. 

Commodity  Encap- 
Class sulated 

No 
1 

Yt2S 

No 
I, II, & Ill 

Yes 

1, 11, 111, No 
& I V  Yes 

Table 7-13 Multiple-Row Racks. Storage Heights  over 25 ft. 

Approximate  
Vertical 
Spacing 

(ft) 

In-Rack Sprinklers  I 

Maxi mum 
Horizontal  

Spacing He ight  
Across  Flue Limit 

(It) (ft) 

Maximum 
Horizontal  

Spacing 
In  a Flue 

(ft) 

20 12 10 

15 10 10 

10 10 10 

None 

Stagger Fig. No.  

7.13(a) 

Between 
adjacent 7-13(b) 
t i t les 

7.13(c) 

Maximum 
Spacing 

from Top 
of Storage Ceiling 
to Highest  Sprinkler  

In-Rack Opera t ing  
Sprinklers Area 

(it) (ft ~) 

l0 

10 2000 

5 

Ceiling Sprinklers 
Density (gpm/ft 2) 

165 ° 286 ° 
Rating Rating 

0.25 0.35 

0.31 0.44 

0.3O 0A0 

0.37 0.50 

0.35 t).45 

0.44 0.56 

All hmr rack litces shall bc protected by s)finklcrs located wMlin 18 in. of the tiwcs, as indicated in Flgm-cs 7-13(a), (b), and (c) It shall not be required tot 
each sprinkler level to protccl all fitces. (See .4-7-13.) 

For 5,1 units. 1 h = 0.3048 m; (~ = }'q (F-32); 1 gpm/ti ~ = 40.746 ( l , / m i n ) / m  e 
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Loading aisle 

X X [ ~ X  
zx zi 

X X 

A A 

X X 

Loading aisle 

Maximum 
12 ft (3.66 m) 
between sprinklers 

Plan view 
Maximum 

/ - -  10 ft (3.05 m) / 
r ~ between sprinklers 

[ ~ ]  ~ - ]  [ ~  ~ ]  [ ~  D Maximum l~ft  (3.05 m) 
I~ei~'ee n sprinklers 

D ] ~  D [ ~  ] - -~  [ - ~  D andtopofstorage 
A A A 3 ~' 

/[~- I-i I--I I~ i-I IY] D 
Face sprinklers 

NI N1F-1E3 D E] D 
D D D ~ D Q D  

X X X D D D D D Q D  
~ D ~ D Q D  
½ D D ~ D S D  
D D D ~ S N D  

Maximum 20 ft (6.10 m) 
between sprinklers 
and floor 

1 
Loading aisle elevation 

NOTES: 
1. Sprinklers labeled 1 shall be required if loads labeled A represent top 
of storage. 
2. Sprinklers labeled 1 and 2 shall be required if loads labeled B or C 
represent top of storage. 
3. Sprinklers labeled 1 and 3 shall be required if loads labeled D or E 
represent top of storage. 

Figure  7-13(a) 

4. For storage higher than represented by loads labeled E, the cycle 
defined by Notes 2 and 3 is repeated, with stagger as indicated. 
5. Symbol ,5 or X indicates sprinklers on vertical or horizontal stagger. 
6. Each square in the figure represents a storage cube measuring 4 ft 
to 5 ft (1.25 m to 1.56 m) on a side. 

In- rack  spr inkler  a r r angemen t  - -  mult iple-row racks,  Class I commodit ies ,  s torage height  over 25 ft (7.6 m). 
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A 

A 

A 

D 
D 

A 

Face sprinklers ~/ '~A [ ~  

D 

Loading aisle 

A A 

X X 

A A 
! 

X X 

A A 

E - E  X X 

Loading ais le  

P l an  v i ew  

D ~ D Q  
A A 

D ~ D  
A A 

D ~ D ~  

m _ _  

A 

X 

X 

X 

Maximum 
10 ft (3.05 m) 
between sprinklers 

Maximum 
10 ft (3.05 m) 
between sprinklers 

~ - ~  ~ }  Maximum l0 ft (3.05 m) 
between sprinklers 

[ ~  D andtopofstorage 

A 3 { r-qD 
A 2 

~D 
N N N N  

X X 

N N ~ D  
N N ~ N  
D N ~ D  

D ~  
X 

NFq 
E3Fq 
NFq 

D 
1 

E} 
@ Maximum 15 ft (4.57 m) 

between sprinklers 
and floor 1 

Loading aisle elevation 

NOTES: 
1. Sprinklers labeled 1 and 2 shall be required if loads labeled A 
represent top of storage. 
2. Sprinklers labeled 1 and 3 shall be required if loads labeled B or C 
represent top of storage. 

3. For storage higher than represented by loads labeled C, the cycle 
defined by Notes 2 and 3 is repeated, with stagger as indicated. 
4. Symbol A or X indicates sprinklers on vertical or horizontal stagger• 
5. Each square in the figure represents a storage cube measuring 4 ft 
to 5 ft (1.25 m to 1.56 m) on a side. 

Figure  7-13(b) In- rack  spr ink ler  a r r angemen t  - -  mul t ip le-row racks,  Class I, II, or  III commodit ies ,  s torage height  over 25 ft (7.6 m). 
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/ 
Face sprinklers 

m 

A 

A 

A 

Loading aisle 

k iX 

A k 

k k 

Loading aisle 

Plan view 

I~ / J 

I- -I 

!! 
Maximum 
10 ft (3.05 m) 
between sprinklers 

Fq[Z] FqD 
x x x 

I--11-11-1I--I I71D 
x x x 

F1Fq I-1 I-1 I-1 I-1D 
A A A A 

DDDDDFq[} 

1-11-N F1F-1 I-1 I-1D 
sx[s i- s I-x3 s 

I-1 i-1 I-1 I-1 I-1 I -1D 
Loading aisle elevation 

Maximum 
10 ft (3.05 m) 
between sprinklers 

4 
I 

3 Maximum 5 ft (1.52 m) 
between sprinklers 
and top of storage 

t 
Maximum 10 ft (3.05 m) 
between sprinklers 
and floor ~r 

Figu re  7-13(c) In-rack sprinkler arrangement, Class I,  I I ,  I I I ,  or 

NOTES: 
1. Sprinklers labeled 1,2, and 3 shall be required if loads 
labeled A represent top of storage. 
2. Sprinklers labeled 1,2, and 4 shall be required if loads 
labeled B, and 4 represent top of storage. 
3. For storage higher than represented by loads labeled B, 
the cycle defined by Notes 1 and 2 is repeated, with stagger 
as indicated. 
4. Symbol A or X indicates sprinklers on vertical or horizontal 
stagger. 
5. Each square in the figure represents a storage cube 
measuring 4 ft to 5 ft (1.25 m to 1.56 m) on a side. 

. d ' ?  

IV c o m m o d i t i e s  - -  mul t ip le - row racks, storage height over 25 ft (7.6 m). 

Chapter  8* Plast ics  

8-1 General .  For the storage of Group A plastics stored 
5 ft (1.5 m) or less in height, the sprinkler  design criteria 
tor miscellaneous storage specified in NFPA 13, Standard 

[ /br tke Installation of Sprinkler Systems, shall be used. 

8-1.1) Plastics ira corrugated cartons shall be protected in 
accordance with Figure 8-1.1. This decision tree also shall 
be used to determine  protection tbr commodities that are 
not entirely Group A plastics but  contain such quantities 
and a r rangement  of Group A plastics that they are deemed 
more hazardous than (_;lass IV commod i t i e s .  

8-1.2 Group B plastics and fiee-flowing Group A plastics 
shall be protected the same as Class IV commodities. 

8-1.3 Group C plastics shall be protected the same as 
Class I I I  cornrnodities. 

8-1.45 Ceiling sprinklers shall be large orifice [t7/:<, in. 
(13.5 mm)] and ra ted .ord inary  to high temperature .  

Exception No. h l~lge drop s[mnkle~s in accordance with Chapter 9. 

Exception No. 2: ESFR sprinklers in accordance with Chapter 10. 

Exception No. 3: For densities of ¢).30 gpm/fl 2 [(12.2 L/mllt)/#l 2] 
or le,ss, I/2-m. (12.7-ram) or!rice ,~prinklers ,droll be penmtted. 

Exception No. 4: Higk-temperoture sprinklers skall be u.sed 
where required by NFPA 13, Sto.ndnrd Jbr tke Installatim~ of 
Sprinkler Systems. 

8-1.5 In-Rack Sprinklers. 

8-1.5.1 In-Rack Sprinkler Classification. Sprinklers in 
racks shall be o rd ina ry - t empera tu re  s tandard  response 
classification. 

Exception No. 1: High-lemperahoe ,~priMders ~hall be u,~ed a,~ spec- 
ified bt NFI'A 13, Stan&trd for the h~st~dlotiot~ of Sprinkler Systems. 

Excephor~ No. 2: Quick-respo~e ,~prinkle~x ,~hall be permilted lo 
be installed in rdcks. 

8-1.5.2 In-Rack Sprinkler Pipe Size. The  number  of 
sprinklers and the pipe sizing on a line of sprinklers in 
racks shall be restricted only hy the hydraulic calculations 
and not by any piping schedule. 

8-1.5.3 In-Rack Sprinkler Water Shields. Where in-rack 
sprinklers are not s h i e l d e d b y  horizontal barriers,  water 
shields shall be provided above the sprinklers, or listed 
sprinklers equipped with water shields shall be used. 

8-1.5.4 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. 

8-1.5.5 In-Rack Sprinkler Water Demand. The water 
demand  ~br sprinklers installed in racks shall be hased on 
simultaneous operat ion of the most hydraulically remote 
sprinklers as follows: 

(a) Eight sprinklers where only one level is installed in racks; 
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Cartoned 

Expanded or 
nonexpanded 

Stable 
Figure 8-2 (Parts a-j), 
8-3.1, and 8-3.2 

Group A 

I 
Free-flowing 
Class IV 

Plastics 

Group B 
Class IV 

I 
Exposed 
(Outside the scope 
of NFPA 231 C) 

Figure 8-1.1 Decision tree. 

1 
Group C 
Class III 

(b) Fourteen sprinklers (seven on each top two levels) 
where more than one level is installed in racks. 

8-1.5.6 Chapters 1 through 5 apply to plastics storage. 

8-2 Single-, Double-, and Multiple-Row Racks --  Storage 
up to and Inc luding  25 fl (7.6 m) --  Clearances up to and 
Inc luding  10 ft (3.1 m). 

8-2.1 Cei l ing Sprinkler Water Demand. For Group A 
plastic cominodities in cartons, encapsulated or nonencapsu- 
lated in single-, double-, and multiple-row racks, ceiling 
sprinkler water demand  in terms of  density (gpm/ft") 
[(IJnfin)/m'-'] and area of operation [it'-' (m'-')] shall be selected 
flom Figure 8-2 Parts (a) through (g). Linear interpolation of 
design densities and areas of application shall be permitted 
between storage heights with the same clearances. No inter- 
polation between clearances shall be permitted. 

8-2.1.1 Single-, Double-, and Multiple-Row Racks -- 5-ft to 
10-ft (1.25-m to 3.l-m) Storage with ll/2-fl to 10-ft (0.5-m to 
3.l-m) Clearance. 7Fhe protection strategies utilizing ceiling 
sprinklers only, as shown in Figure 8-2 l 'art (a), shall be 
acceptable fbr single- and double-row rack storge with 4-f~ 
(1.22-m) or greater aisles and tot multiple-row storage 

8-2.1.2 Single- and Double-Row Racks -- 15-ft (4.6-m) 
Storage with Less than 5-ft (1.25-m) Clearance. The pro- 
tection strategy utilizing ceiling sprinklers only as shown in 
Figure 8-2 Part (b) shall be acceptable only for single- and 
double-row rack storage with 8-fi (2.4-m) aisles. For 31/2-ft 

" " ' " " ' )  9 " ' )  (l-m) aisles, a density of 0.b0 gpm/tt- [(.4.5 L/mm)/m-] and 
an area of application of 1500 fte (139.5 m") shall be used. 
For aisle widths of 31/7 1i to 8 ft (1 m to 2.4 m), a direct lin- 

ear interpolation shall be permitted between densities and 
areas of application. 

8-2.1.3 Single- and Double-Row Racks --  15-ft (4.6-m) 
Storage with 10-fl (3.l-m) Clearance; 20-ft (6-m) Storage 
with Less than 5-ft (1.25-m) Clearance. Tile protection 
strategies utilizing ceiling sprinklers only as shown in Fig- 

Iures  8-2 Parts (c) and (d) shall be acceptable only for single- 
a0d double-row rack storage with 8-ft (2.4-m) aisles. 
In-rack sprinkler protection shall be required for aisles less 
than 8 ft (2.4 m) in width. 

Where utilizing the strategies for ceiling sprinklers only, 
I as shown in Figures 8-2 Parts (c) and (d), column steel shall 

be protected in accordance with 3-2.3(a) or (b). Roof struc- 
tural steel shall be protected in such a manner as to pro- 
vide a minimum of 15 minutes fire resistance. 

I 8-2.1.4 Multiple-Row Racks --  15-ft (4.6-m) Storage with 
Less than 5-ft (1.25-m) Clearance. The protection strat- 
egy utilizing ceiling sprinklers only, as shown in Fig- 

Iu re  8-2 Part (b), shall not be permitted for multiple-row 
rack storage. The density to be used shall be 0.60 gpm/f(-' 
[(24.5 L/min)/m'-'] over 2000 ft'-' (186 m2). The combination 

I of ceiling and in-rack sprinklers specified in Figure 8-2 
Part (b) shall be permitted as an alternative. 

I 8-2.1.5 Multiple-Row Racks --  15-ft (4.6-m) Storage with 
10-ft (3.l-m) Clearance; 20-ft (6-m) Storage with Less than 
5-ft (1.25-m) Clearance. The protection strategies utiliz- 

l ing ceiling sprinklers only as shown in Figure 8-2 Parts (c) 
and (d) shall not be permitted for multiple-row rack stor- 
age. Only the specified combinations of ceiling and in-rack 
sprinklers shall be used. 
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Strategies for Protection of Rack Storage of PlasticsmSingle-Row, Double-Row, and Multiple-Row Rack 
Configurations, Unexposed (Expanded and Unexpanded) Group A Plastics 

Part a: 5-ft (1.52-m) to 10-ft (3.05-m) storage 

0.30 gpm per ft2/2000 ft 2 0.45 gpm per ft2/2000 ft 2 
(12.2 L/min per m2/186 m 2) (18.3 L/min per m2/186 m 2) 

< 5-tt (1.52-m) clearance 5-ft (1.52-m) to 10-ft (3.05-m) clearance 

I-1 I--1 ~1--1 
I~ I--i I--I I-i 

I I I I I I I I I I I  IIIIIIUTII 

+ 

Part b: 15-ft (4.57-m) storage 
< 5-ft (1.52-m) ceiling clearance 

Part c: 15-ft (4.57-m) storage 
5-ft (1.52-m) to 10-ft (3.05-m) ceiling clearance 

0.45 gpm per ft2/2000 ft 2 
(18.3 L/min per m2/186 m 2) 

0.30 gpm per ft2/2000 ft 2 
(12.2 L/min per m2/186 m 2) 

0.60 gpm per ft2/4000 ft 2 
(24.5 L/min per m2/372 m 2) 

0.30 gpm per ft2/2000 ft 2 
(12.2 L/min per m2/186 m 2) 

See 8-2.1.2 See Note 2 see  8-2.1.3 See Note 2 
and 8-2.1.4 and Figure 8-2 Part h 8-2.1.5 and Figure 8-2 Part h 

I-I1-1 ~1- - ]  I - I1 - i  I--II--i 
© © 

I I I I I I I I I I I  I I I I I I I I I I I  I I I I I I I I I I I  I I I I I I I I I I I  
Part d: 20-ft (6.10-m) storage; < 5-ft (1.52-m) ceiling clearance 

0.60 gpm per ft2/4000 ft 2 0.45 gpm per ft2/2000 ft 2 0.30 gpm per ft2/2000 ft 2 
(24.5 L/min per m2/372 m 2) (18.3 Wmin per m2/186 m 2) (12.2 L/min per m2/186 m 2) 

See 8-2.1.3 See Note 2 See Note 2 
and 8-2.1.5 and Figure 8-2 Part h and Figure 8-2 Part h 

I---I i-i I ~ 1 ~  I--I [---I 
II 

© 

I I I I I I I I I I I  I I I I I I I I I I I  I I I I I I I I I I I  
Figure 8-2. (cont'd) 
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231C-32 RACK STOIL-\(;E OF MAq'FRIALS 

Part e: 20-ft (6.10-m) storage 
5-ft (1.52-m) to 10-ft (3.05-m) ceiling clearance (See Note 5) 

0.45 gpm per ft2/2000 ft 2 
(18.3 L/min per m2/186 m 2) 

0.30 gpm per ft2/2000 ft 2 
(12.2 L/min per m2/186 m 2) 

See Note 2 See Note 4 
and Figure 8-2 Part h and Figure 8-2 Part j 

I--1 I-I I--I I--I 
0 

0 

× 

0.30 gpm per ft2/2000 ft 2 
(12.2 L/rain per m2/186 m 2) 

0.30 gpm per ft2/2000 ft 2 
(12.2 L/min per m2/186 m 2) 

See Note 4 See Note 3 
and Figure 8-2 Part j and Figure 8-2 Part i 

E-1 I-3 I-3 I-1 
0 • 

E-t E-1 I-3 i-1 
× 

I--1 [--1 [3 I-1 
E-I [-1 [3 I3 

I I I I I I I I I I I  I I I I I I I I I I I  I I I I I I I I I I I  I I I I I I I I I I I  
Part f: 25-ft (7.62-m) storage 

< 5-ft (1.52-m) ceiling clearance 
(See Note 5) 

0.45 gpm per ft2/2000 ft 2 
(18.3 L/rain per m2/186 m 2) 

0.30 gpm per ft2/2000 ft 2 
(12.2 L/rain per m2/186 m 2) 

See Note 3 See Note 4 
and Figure 8-2 Part i and Figure 8-2 Part j 

~ I - 1  I-I I-1 
0 

× 

Part g: 25-ft (7.62-m) storage 
5-ft (1.52-m) to 10-ft (3.05-m) 
ceiling clearance (See Note 5) 

0.30 gpm per ft2/2000 ft 2 
(12.2 L/rain per m2/186 m 2) 

See Note 4 
and Figure 8-2 Part j 

IF-] 
0 

E] E] 
] E ]  

X 

I-] I-] 
I--1 I-1 I-1 I-1 E] 

I I I I I I I I I I I  

--]o[-- I 
Double-row rack storage . . . .  

- 1 I - ] I - ] I - ] I - 1 I - ] I - l £  _ x _  _ x _  
0 0 0 0 

--ll--ll--1Ull--tl--II-11- _-x_- - x -  

I I I I I I I I I I I  I I I I I I I I I I I  
.Part h: One level of in-rack sprinklers - plan view 

ordinary spacing (See Note 2) 
Single-row rack storage Multiple-row rack storage 

l-lol-1 i--Io~ I - I~  x -  - ~ -  x! 

X 

X 

l ,  2tliZ2m~ 
T between 
I sprinklers 

Figure 8-2. (cont'd) 
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Part i: One level of in-rack sprinklers - plan view 
close spacing (See Note 3) 

Single-row rack storage 

Double-row rack storage 

- I I -q l - - I i - I I - l l - I I - I I -  

Multiple-row rack storage 

- !x II __--x__-- 
im 

x ,x 
- -  F " - - ' - - - -  - -  

X! X 
i 

m ~ X m  X 
X! X 

m 

X 

m 

X 

X 

m 

X 

X 

t 

I Maximum 
8 ft (2.44 m) 
between 
sprinklers 

Part j: Two levels of in-rack sprinklers - plan view 
ordinary spacing (See Note 4) 

Single-row rack storage 

-]oF-]xUIol-lxi-I xUlol: 
Double-row rack storage 

-1I-II-I1-11-1I-It-1i- 
0 x 0 x 0 x 0 

Z& 
m 

X 

X 

X 

A 

A. 

A 

Multiple-row rack storage 

Loading aisle 

X X 
,% 

X X 

X X 
i 

Loading aisle 

m 

A 

Maxi !um 
8 ft (2.44 m) 
between 
sprinklers 

Notes to parts a through j: 
1. Each square in the figures represents a storage cube measuring 4 ft to 5 ft (1.25 m to 1.56 m) on a side. 
2. Single level of in-rack sprinklers (V2 in. or ~7/32 in. operating at 15 psi [1.03 bar] minimum) installed on 8 ft to 10 ft (2.5 m to 3.12 m) 
spacings located, as indicated, in the transverse flue spaces. 
3. Single level of in-rack sprinklers (W32 in. operating at 15 psi [1.03 bar] minimum or V2 in. operating at 30 psi [2.07 bar] minimum) 
installed on 4 ft to 5 ft (1.25 m to 1.56 m) spacings located, as indicated, in the longitudinal flue space at the intersection of every 
transverse flue space. 
4. Two levels of in-rack sprinklers (V2 in. or ~7/32 in. operating at 15 psi [1.03 bar] minimum) installed on 8 ft to 10 ft (2.5 m to 3.12 m) 
spacings located as indicated and staggered in the transverse flue spaces. 
5. Ceiling only protection shall not be permitted for this storage configuration. 

Figure 8-2. (cont'd) 

8-2.2 In -Rack  Sp r ink l e r s .  In-rack sprinklers  shall be 
] installed in accordance with Figure 8-2 Parts (b) through (j). 

8-3 Single- and Double-Row Racks - -  Storage over 25 ft 
(7.6 m) in Height .  

8-3.1 Ceil ing Spr ink le r  Water  Demand.  For Group  A 
plastic commodities in cartons, encapsulated or nonen- 
capsulated in single- and double-row racks, ceiling 
spr inkler  water  d e m a n d  in terms of  densi ty (gpm/ft'-') 
[(L/min)/m ~] and area  of ope ra t ion  [fl:' (m~)] shall be 
selected from Table 8-3.1. 

Table  8-3.1 Single-  and  D o u b l e - R o w  Racks.  
Stoi 'age H e i g h t  over  25 ft. 

S torage  H e i g h t  above Cei l ing  S p r i n k l e r s  
T o p  Level In -Rack  Dens i ty  (gpm/ft2)/Area of  

S p r i n k l e r s  App l i ca t i on  (ft 2) 

5 ti ~r less 0.30/2000 
Over  5 ft up  to 10 f't 0.45/2000 

For SI umts I fi = 0.3048 m; 1 gpm 3.785 L/rain; 1 gpm/fi'-' - 40.74 
(L/min)/m ~ 
NOTE: l'rovidc in-rack sprinkler protection per l:igurcs 8-3.2.1(a) and (b) 
and Figures 8-3.2.3(a) through (c). 
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8-3 .2  I n - R a c k  S p r i n k l e r  L o c a t i o n .  

8-3.2.1 In double-row racks without solid sheh, es and 
with a maximum of l0 ft (3.1 m) between the top of stor- 
age and the ceiling, in-rack sprinklers shall be installed in 

] accordance with Figures 8-3.2. l(a) or (b). The highest level 
of in-rack sprinklers shall be not more than 10 ft (3.1 m) 
below the top of storage. 

8-3.2.2 lnlrack sprinklers for storage higher  than 25 ft 
(7.6 m) in double-row racks shall be spaced horizontalh, 
and located in the horizontal space nearest  the vertical 

[ intervals specified in Figures 8-3.2.l@) or (b). 

8-3.2.3 in single-ruw racks without solid sheh, es 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, sprin- 
klers shall be installed as indicated in Figures 8-3.2.3(a), 
(b), o1 (c). 

8-3.3 In-Rack Spr inkler  Size. Sprinklers in racks shall be 
1/2-in. (12.7-ram) or 17S9-in. (13.5-mm) orifice size, pendent  
or upright.  

8-3.4 In-Rack Spr inkler  Discharge Pressure.  Sprin- 
klers in racks shall discharge at not less than 30 gpm 
(113.6 L/rain). 

x Oq 
:qo  N q 

I- lol-q 

\@q Nq 
I 7 1 N  I--lo1~ X A 

D D  

Elevation '~~ Plan view 

NOTES: 
1. Sprinklers and barriers labeled 1 shall be required where loads 
labeled A or B represent top of storage. 
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 labeled 1 and 3 shall be required where loads 
labeled D or E represent top of storage. 
4. For storage higher than represented by loads labeled, E the cycle 
defined by Notes 2 and 3 is repeated. 
5. Symbol ,~ or X indicates face sprinklers on vertical or horizontal 
stagger. 
6. Symbol O indicates longitudinal flue space sprinklers. 
7. Each square in the figure represents a storage cube measuring 4 ft 
to 5 ft (t .25 m to 1.56 m) on a side. 

Figure 8-3.2.1(a) In-rack sprinkler arrangement, Group A plastic com- 
modities, storage height over 25 ft (7.6 m). 

NOTES: 

f q l - q  x x 
x x x  F-lx[~ 
l-q l-q x x 

m% X X 

IZ] l-q N x N  x 
xxx  

x x 

I - lxC]  
~ [ ~  x x 
I-q I ~  ~ x ~  X X 

X X X l  l-qxF-1 
i-q I-q x x 

Elevation Plan view 

1. Sprinklers labeled 1 shall be required where loads labeled A or B 
represent top of storage. 
2. Sprinklers labeled 1 and 2 shall be required where loads labeled 
C represent top of storage. 
3. sprinklers labeled 1 and 3 shall be required where loads labeled D or 
E represent top of storage. 
4. For storage higher than loads labeled F, the cycle defined by Notes 2 
and 3 is repeated. 
5. Symbol X indicates face and in-rack sprinklers. 
6. Each square in the figure represents a storage cube measuring 4 ft to 
5 ft (1.25 m to 1.56 m) on a side. 

Figure 8-3.2.1(b) In-rack sprinkler arrangement, Group A plastic com- 
modities, storage height over 25 ft (7.6 m). 
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A 

D 
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X 
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[3 
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[3 
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NOTE: 
1. Each square in the figure represents a storage cube measuring 4 ft to 
5 ft (1.25 m to 1.56 m) on a side. 

Figure 8-3.2.3(a) In-rack sprinkler arrangement, Group A plastic com- 
modities, single-row racks, storage height over 25 ft (7.6 m). 

s 
X 

D Dx 
C] Fq 
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X 
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[3 X 
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:,D D 
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[3 D 

X 

D 
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NOTE: 
1. Each square in the figure represents a storage cube measuring 4 ft to 
5 ft (1.25 m to 1.56 m) on a side. 

Figure 8-3.2.3(b) In-rack sprinkler arrangement, Group A plastic com- 
modities, single-row racks, storage height over 25 ft (7.6 m). 

"-\ 
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9 
Barriers 

[q 
x [-q 

rq 
x 

X 

F1 
71 

AIIIV////IIIR\\W/AIIIV////IIIK\\W/AIIIV////IIIK\\W/ 

NOTE: 
1. Each square in the figure represents a storage cube measuring 4 ft to 
5 ft (1.25 m to 1.56 m) on a side. 

Figure 8-3.2.3(c) In-rack sprinkler arrangement, Group A plastic com- 
modities, single-row racks, storage height over 25 ft (7.6 m). 

C h a p t e r  9 L a r g e  D r o p  S p r i n k l e r s  

9-1 General .  

9-1.1 Large drop  sprinklers shall be suitable fi~r use with 
the hazards specified in Table 9-1.1. 

9-1.2 Each joist channel of open: wood joist  construction 
shall be fltlly firestopped to its full depth at intervals not 
exceeding 20 ti. (6 m). 

Exceptioll: Uqfirestopped, ope~, wood joist conshuctio~ or fire- 
,~top,~ at i~tervals exceedhg 20 f i  (6 m) droll be permitted where 
the ,fi~imum operati~g pn',~sure z,~ &creased b'~, 40 perce~zt. 

9-1.3 Building steel shall not require special protection 
where Table 9-1.1 is applied. 

9-1.4 Protection requirements  are based on rack storage 
having no solid shelves or slave pallets. 

9-1.5 A minimum of 6 in. (152.4 ram) longitudinal flue 
spaces shall be maintained in addit ion to transverse flue 
spaces. 

9-1.6 For dry-pipe systems, h igh- tempera ture  sprinklers 
shall be used; for wet-pipe systems, ordinary-  or high- 
tempera ture  sprinklers shall be permit ted.  

9-1.7 Sprinkler spacing shall be not less than 80 fi e (9.3 m e) 
or more than 100 it'-' (7.4 m~). 

9-1.8 All requirements  contained in NFPA 13, Standard 
for the h~stallalio~z qf Sprivkler Sv,qems, shall apply. 

l:~xceptm~: l&Tmre mochfied t;~ th~s stamtard. 
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Table 9-1.1 Large Drop Sprinkler Data 
Pressure and Number of Design Sprinklers Required for Various Hazards for Large Drop Sprinklers 

Hose Stream 
Demand Water 

Type of Minimum Operating Pressure, psi (bar) gal/min Supply 
Hazard System 25 (1.7) 50 (3.4) 75 (5.2) (dm3/min) Duration (hr) 

Number of Design Sprinklers 

Double-Row Storage with Minimum 5.5-ft 
(1.7-m) Aisle Width and Multiple-Row 
Rack Storage with Minimum 8.0-ft (2.5-m) 
Aisle Width (Note 1) 

Class 1 and  11 commodi t ies  up to 25 ti 
(7.6 m) with n m x i m u m  5-It ( l .5-m)  clear- 
anee to ceiling 

Class 1 and  I1 commodi t ies  up to 30 fi 
(9.1 m) wifla m a x i m u m  5-ti ( l .5-m) clear- 
an t e  to ceiling 

Class 1, 11, and  111 commodi t ies  up  to 20 ft 
(6.1 m) with m a x i n m m  10-It (3. l -m) 
clearance to ceiling 

Class I, II, and  III commodi t ies  up to 25 fi 
(7.6 m) with m a x i m u m  10-ft (3 . l -m)  
clearance to ceiling 

Class IV commodi t ies  up to 20 ft (6.1 m) with 
m a x i m u m  10-1~ (3. l -m) clearance to ceiling 

Class IV commodi t ies  up to 25 ft (7.6 m) with 
m a x i m u m  l 0-fl (3. l -m)  clearance to ceiling 

U n e x p a n d e d  plastics up to 20 it (6.1 m) with 
m a x i m u m  10-ft (3 . l -m) clearance to ceiling 

U n e x p a n d c d  plastics up  to 25 ti (7.6 m) with 
m a x i m u m  10-It (3. l -m) clearance to ceiling 

Class IV commodi t ies  and  u n c x p a n d e d  plas- 
tics up to 90 ft (6.1 m) wflh m a x i n m m  5-ft 
(1.5-in) cl/caranee to ceiling 

Class IV commodi t ies  and  u n e x p a n d e d  plas- 
tics up to 25 ft (7.6 m) with m a x i m u m  5-fl 
(1.5-m) clearance to ceiling 

Wet  20 Note 2 Note 2 
Dry 30 Note 2 Note 2 500 (1900) 11/~ 

Wet 20 plus  o n e  Note 2 ".)~(: Note 2 
level of  in-rack 

sprinklers  
l)ry 30 plus  one Note 2 Note 2 500 (1900) ll/e 

level of  in-rack 
sprinklers  

Wet 15 Note 2 Note 2 
Dry 25 Note 2 Note '2 500 (1900) 11/0 

Wet 15 plus Note 2 Note 2 
one  level of  

in-rack sprinklers  
Dry 25 plus one Note 2 Note 2 500 (1900) 11/,, 

level of  in-rack 
sprinklers  

Wet NA 20 15 500 (1900) 2 
Dry NA NA NA 

Wet NA 90 plus one 15 plus one level 500 (1900) 2 
level of  in-rack of  in-rack 

sprinklers  sprinklers  
Dry NA NA NA 

Wet NA 30 90 500 (1900) 2 
Dry NA NA NA 

Wet  NA 30 pins  one 20 plus one level 500 (1900) 2 
level o f  in-rack of  in-rack 

sprinklers  spr inklers  
Dry NA NA NA 

We! NA 15 Note 2 500 (1900) '2 
Dry NA NA NA 

Wet NA 15 plus one Note 2 500 (1900) 2 
level of  in-rack 

sprinklers  
Dry NA NA NA 

NOTE 1: Conventional wood pallets only shall bc used; no slave pallels shall be pm-mitted to be used. 
NOTE 2: The high pressure shall bc pcrnnued to I)c used, lint tile required number of design sprinklers shall not be reduced ti'mn that reqtm'ed ]br the 
h')we F pFebsure. 
N/A: Not applicable. 

1995 Edition 



231C-38 RACK STORAGE OF MATERIALS 

Table 10-1 Early Suppression Fast Response (ESFR) Sprinkler Data 

Maximum 
Maximum Height Sprinkler 
Height of of Building Design 
Storage (ft) (m) Nominal K Pressure Commodity 

Type of Storage Commodity ft (m) (Note 1) Factor psi (bars) Limitation 

Single-, double-, and Cartoned unexpauded plastic; cartoned 25 (7.6) 30 (9.1) 13.5-14.5 50 (3.4) -- 
multiple-row rack stof expanded plastic; uncartoned unexpanded 
age (No open-top con- plastic; and Class 1, 1I, Ill. or IV commod- 
tainers or solid shch, es) ities, encapsulated or unencapsulated 

Cartoned unexpanded plastic; and class 1, 11, 35 (10.7) 40 (12.2) 13.5-14.5 75 (5.2) Note 2 
Ill, or IV commodities, encapsulated or 
unencapsulated 

20 (6.1) 25 (7.6) 11.0-11.5 50 (3.4) 

NO'I'E 1: Maxmmm building height shall bc measured to the underside of the roof dcck or ceiling. 
NOTE 2: Only ESFR sprinklers specifically hsted tbr 40-t~ (12.2-m) high buiklings shall be used in buildings higher than 30 fl (9.1 m) up to 40 tt (12.2 m). 

Chapter 10 Early Suppress ion  Fast Response  
(ESFR) Sprinklers 

10-1" General. Early suppression last response (ESFR) 
sprinklers shall be permitted tot the protection of rack 
storage in accordance with Table 10-1 and shall be used 
only in buildings equal to, or less than, the height of the 
building for which the}, have been listed. 

Exception: ESFR protection as defined shall ~zot apply to: 

I. Rack storage involving.~olid shelves 
2. Rack storage involvin.g combustible, open-top cartons or 

containers. 

10-2 Sprinkler System Design. 

10-2.1" ESFR sprinkler systems shall be designed to pro- 
vide the minimum opeiat ing pressure, in accordance with 
Table 10-1 for the commodity, storage height, and build- 
ing height involved, to the twelve most hydraulically 
remote sprinklers based on flowing four sprinklers on each 
of three branch lines. 

10-2.2 The distance between branch lines and sprinklers 
on branch lines shall not be more than 10 ft (3.1 m) nor 
less than 8 ft (2.4 lh) for buildings higher than 30 ft (9.1 m) 
up to 40 ft (12.2 m), and not more than 12 ft (3.7 m) nor 
less than 8 ft (2.4 m) for buildings up to 30 ft (9.1 m) high. 

10-2.3 Only wet-pipe systems are acceptable for use with 
ESFR sprinklers. 

10-2.4 All requirements contained ih NFPA 13, Standard 
for the lnstallatmn of Spri.nkler S'~stems, shall apply. 

Exception: .Wkere modified by this standard. 

10-2.5 ESFR sprinklers shall be ordinary- temperature  
rated sprinklers. 

Exception No. 1: ESFR sprinklers located i'n proximity to heat 
.';oa'gTes. 

Exception No. 2: ESFR sprinklers located under skylights. 

10-3 Water Demand. 

10-3.1 A minimum of 250 gpm (16 L/s) shall be added to the 
sprinkler demand for combined large and small hose streams. 

10-3.2 Water supply duration shall be at least 1 hour. 

Chapter 11 Equipment  

11-1 Mechanical  Handl ing  Equipment- - Industr ia l  
Trucks. 

11-1.1 Power-operated industrial trucks shall be of the 
type designated in NFPA 505, Fzre &{fety Standard for Pow- 
ered l'ndustrial Trucks I~cluding 7~pe Designations, Areas of 
Use, Maintenance, and Operation, and their maintenance and 
operation shall be in accordance with Chapters 2 and 3 of 
that standard. 

11-1.2I" Industrial trucks using LP-Gas or liquid fuel shall 
be refheled outside of the storage building at a location 
designated for that purpose. 

Chapter 12 Bui ld ing  Maintenance  and Operat ion 

12-1" Building Operations Other than Storage. Weld- 
ing, soldering, brazing, and cutting shall be permitted to 
be performed on rack or building components that cannot 
be removed, provided no storage is located below and 
within 25 ft (7.6 m) of the working area and flameproof 
tarpaulins enclose this section, l )uring any of these opera- 
tions, the sprinkler system shall be in service. Water-type 
extinguishers with a capacity of 21/,_, gal (9.45 L) and 
charged inside hose lines shall be located in the working 
area. A fire watch shall be maintained during these opera- 
tions and tor at least 30 additional minutes. 

12-2" Waste Disposal. Approved containers for rubbish 
and other trash materials shall be provided. 

12-3 Smoking. Smoking shall be strictly prohibited. "No 
Smoking" signs shall be posted in prohibited areas. 

Exceptio.n: Smoking .4~all be permitted in locations prominently 
designated as smoki'ng areas. 

12-4" Maintenance.  Fire walls, fire doors, and floors 
shall be maintained in good repair at all times. 

12-5" Plant Emergency Organization. A fire watch shall 
be maintained when the sprinkler system is not in service. 

12-6" General Fire Protection. The sprinkler system and 
the water supplies shall be inspected, tested, and maiiatained 
in accordance with NFPA 25, StandardJbr the Inspection, Test- 
rag, a.nd Maintenance of Water-Based Fbe Protection Systems. 
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Chapter 13 Referenced Publications 

13-1 The following documents or portions thereof are 
referenced within this standard and shall be considered 
part of the requirements of this document. The edition 
indicated for each reference is the current  edition as of the 
date of the NFPA issuance of this document. 

13-1.1 NFPA Publications. National  Fire Protection 
Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, 
MA 02269-9101. 

NFPA 11A, Slandard for Meditcm- and High-Expansion 
Foam Systems, 1994 edition. 

NFPA 13, Standard.for the Installation of Sprinkler Systems, 
1994 edition. 

NFPA 25, Standard for the Inspection, Testing, and Mainte- 
nance of Water-Based Fire Protection Systems, 1995 edition. 

NFPA 30, Hammable and Combustible Liqu#ts Code, 1993 
edition. 

NFPA 40, Standard.fi~r the Storage and Handling o/ Cellu- 
lose Nitrate Motion Picture Film, 1994 edition. 

NFPA 58, Standard Jbr the Storage and Handling o/ Lique- 
fied Petroleum Ga.ses, 1995 edition. 

NFPA 81, StmMard ~or Fur Storage, Fumigation a~M Clean- 
ing, 1986 edition. 

NFPA 91, Standard.for Exhaust Systems for Air Co'nve~,ing of 
Matermls, 1995 edition. 

NFPA 220, Standard on 7~vpes of Building Construction, 
1992 edition. 

NFPA 231, Standard for General Storage, 1995 edition. 

NFPA 231D, Standard for Storage of Rubber Tires, 1994 
edition. 

NFPA 231 F, Standard for the Storage of Roll Paper, 1987 
edition. 

NFPA 232, Standard for the Protection of Records, 1991 
edition. 

NFPA 490, Code )br the Storage of Ammoniu.m Nitra.te, 1993 
edition. 

NFPA 505, Fire S@ly Standard for Powered lndastrzal 
7)ucks h~cludi~g Type Designatio~s, Areas of Use, Mamtena'nce, 
and Operation, 1992 edition. 

Appendix A Explanatory Material 

776s Appen&x ts not a part of the requirement.s of thL~ NFPA document 
but is included for informational purpo.~es only. 

A-4-1 Rack storage as referred to in this standard con- 
templates commodities in a rack structure, usually steel. 
Many variations of dimensions are found. Racks can be 
single-row, double-row, or multiple-row, with or without 
solid shelves. The standard commodity used in most of the 
tests was 42 in. (1.07 m) on a side. The types of racks cov- 
ered in this standard are as fbllows: 

Double-Row Racks. Pallets rest on two beams parallel to 
the aisle. Any number  of pallets can be supported by one 
pair of beams. [See Figu, res A-4-l ea) through (d).] 

Automatic Storage-Type Rack. The pallet is supported by two 
rails running perpendicular to the aisle. [See Figure A-4-1(e).] 

Multiple-Row Racks More than Two Pallets Dee[), Measured 
Aisle to Aisle. These include drive-in racks, drive-through 
racks, flow-through racks, portable racks arranged in the 
same manner,  and conventioual or automatic racks with 
aisles less than 42 in. (1.07 m) wide. [See Fw~res A-4-10 c) 
through (i).] 

Movable Racks. Movable racks are racks on fixed rails or 
guides. They can be moved back and forth only in a hori- 
zontal two-dimensional plane. A inoving aisle is created as 
abutting racks are either loaded or unloaded, then moved 
across the aisle to abut other racks. [See Figme A-4-1(k).] 

Solid Shelving. Conventional pallet racks with plywood 
shelves on the shelf beams [.see Figures A-4-lfc) and (d)]. 
These are used in special cases. (See Chapter 5.) 

Cmltilever Rack. The load is supported on arms that extend 
horizontally from colt,rams. The load can rest on the arms or 
on sheh,es supported by the arms. [See Figure A-4-1(]).] 

Load depth in conventional or automatic racks should 
be considered a nominal 4 ft (1.22 m). [See Figure A-4-1(b).] 

A-4-2 Fixed rack structures should be designed to tacili- 
rate removal or repair of damaged sections without resort- 
ing to flame cutting or welding in the storage area. Where 
sprinklers are to be installed in racks, rack design should 
anticipate the additional clearances necessary to facilitate 
installation of sprinklers. The rack structure should be 
anchored to prevent damage to sprinkler lines and supply 
piping in racks. 

Rack structures should be designed for seismic condi- 
tions in areas where seismic resistance of building structure 
is required. 

A-4-3.1 Nominal 6-in. (152.4-mm) transverse flues should 
be provided in multiple-row racks. 

A-4-4 Storage in aisles can render protection ineffective 
and should be discouraged. 

A-4-5 The fire protection system design should contem- 
plate the maximum storage height. For new sprinkler 
installations, maximum storage height is the usable height 
at which commodities can be stored above the floor when 
the minimum required unobstructed space below sprin- 
klers is maintained. For the evaluation of existing situa- 
tinns, maximum storage height is the maximum existing if 
space between the sprinklers and storage is equal to or 
greater than that required. 

A-4-6.1 A horizontal clearance of at least 1 ft (0.30 m) 
should be maintained between storage and major unpro- 
tected roof structural meinbers where storage is stored 
above the bottom of such members. 

A-4-6.2 Incandescent light fixtures should have shades or 
guards to prevent ignition of commodities t iom hot bulbs 
where possibility of contact with storage exists. 

A-4-7 Idle combustible pallets should not be stored in 
racks. 

A-5-2.1 Cei l ing Spr inklers .  Wet systems are recom- 
mended tbr rack storage occupancies. 

Dry systems may be permitted only where it is impracti- 
cal to provide heat. 

Preaction systems should be considered lot rack storage 
occupancies that are unheated, particularly where in-rack 
sprinklers are installed or for those occupancies that are 
highly susceptible to water damage. 
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Figure  A-4-1(b) Double-row racks wi thout  solid or slatted shelves. 

Legend 

A - Shelf  depth 
B - Shelf  height 
E - Storage height 

,h 

E 

~.H Z 

F - Commodi ty  
H - Rack depth 
L - Longitudinal f lue space 
T - Transverse flue space 

Figure  A-4-1(d) Double-row racks with slatted shelves. 
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Figure A-4-1(k) Movable rack. 

Where 286°F (141°C) rated sprinklers are installed 
at the ceiling, 286°F (141°C) rated sprinklers also should 
extend beyond storage in accordance with Table A-5-2.2. 

A-5-5 In-rack sprinklers and ceiling sprinklers selected 
for protection should be controlled by at least two separate 
indicating valves and drains. 

A-5-5.1 In higher rack arrangements, consideration should 
be given to providing more than one in-rack control valve in 
order  to limit the extent of any single impairment, 

A-5-7 Approved supervisory alarm service should be pro-  
vided for all fire detection and extinguishing systems. 

A central station, auxiliary, remote station, or propri-  
e tary  sp r ink le r  waterf low a la rm should  be p rov ided ,  
except that local waterflow alarm may be permit ted where 
approved  guard service is provided.  (See NFPA 72, National 
Fire Alarm Code.) 

A-5-11.1 Detection systems, concentrate pumps, generators, 
and other system components essential to the operation of 
the system should have an approved standby power source. 

A-5-13.1 In NFPA 13, Standard for the Installation of Sprin- 
kler Systems, A-4-4.1.3.2.1 states: "Slat t ing of decks or  
walkways or the use of open grat ing as a substitute tot  
automatic sprinkler  thereunder  is not acceptable." 

In addition, where shelving of  any type is employed,  it is 
tor the basic purpose  of providing an intermediate  suppor t  
between the structural members  of the rack. As a result, it 
becomes almost impossible to define and maintain trans- 
verse flue spaces across the rack as required in 4-3.1 and 
illustrated in Figure 4-3.1. 

A-6-5.1 Where  possible, it is preferable to locate in-rack 
sprinkler  det~tectors at least 6 in. (152.4 ram) above pallet 
loads. 

Table A-5-2.2 

Distance Beyond Perimeter 
Design Area for 286°F (141°C) of High-Hazard Occupancy 

Sprinklers for High-Temp. Sprinklers 
(ft 2) ( m  2) (It) (m) 

2000 185.8 30 9.14 
3000 278.7 40 12.2 
4000 371.6 45 13.72 
5000 464.5 50 15.24 
6000 557.4 55 16.76 

A-6-5.2 Where possible, it is preferable to locate in-rack 
sprinklers away from rack uprights. 

A-6-6.1 Spacing of sprinklers on branch lines in racks in 
the various tests demonstrates  that maximum spacing as 
specified is proper .  

A-6-9 Bulkheads are not a substitute for sprinklers in 
racks. Their  installation does not justify reduction in sprin- 
kler densities or design operat ing areas as specified in the 
design curves. 

A-6-10.1 Where high-expansion foam is contemplated as 
the protection media, consideration should be given to 
possible damage to the commodity f lom soaking and cor- 
rosion. Consideration also should be given to the problems 
associated with removal of foam after discharge. 

A-6-12 Where dry-pipe systems are used, the areas of 
o p e r a t i o n  speci f ied  in the  des ign  curves  shou ld  be 
increased by 30 percent.  Densities should be selected so 
that areas of operation,  after the 30 percent  increase, do 
not exceed 6000 f(" (557.4 m2). 

A-6-14.2 In-rack sprinklers at one-level only for storage 
up to and including 25 ft (7.6 m) in multiple-row racks 
should be located at the tier level nearest one-half  to two- 
thirds of the storage height. 

A-7-10.3 In single-row racks with more than 10 ft (3.1 m) 
between the top of storage and the ceiling, a horizontal 
barr ier  should be installed above storage with one line of 
sprinklers under  the barrier.  

A-7-11 Where the ceiling is more than 10 f t  (3.1 in) above 
the maximum height of storage, a horizontal barrier should 
be installed above storage with one line of sprinklers under 
the barrier for Class I, II, and III  commodities and two lines 
of sprinklers under  the barrier for Class IV commodities. 
In-rack sprinkler arrays should be installed as indicated in 
Table 7-10.1 and Figures 7-10.1(a) through (j). 

Barriers should be of sufficient strength to avoid sagging 
that interferes with loading and unloading operations. 

Horizontal  barr iers  are not required to be provided 
above a CLass 1 or Class II commodity with in-rack sprin- 
kler arrays in accordance with Figures 7-10.1(a) and (b), 
provided one line of in-rack sprinklers is installed above 
the top tier of storage. 

A-7-12.1 Water  demand  for storage height over 25 ft 
(7.6 m) on racks without solid shelves separated by aisles at 
least 4 ft (1.22 in) wide and with more t han  10 fi (3.1 m) 
between the top of storage and the sprinklers should be 
based on sprinklers in a 2 0 0 0 - f t  2 ( 1 8 5 . 8 - 1 1 1  ~') operat ing 

- • 9 o 

area for double-row racks and a 3000-ft- (278.7-m -) oper- 
ating area fox nmltiple-row racks discharging a minimum 
of 0.18 gpm/ft z [(7.33 L/min)/m 2] fox Class I commodities, 
0.21 gpm/ft 'e [(8.56 L/min)/m L'] 1or Class II and l I I  com- 
modities, and 0.25 gpm/ft" [(10.19 L/min)/m ~] fbr Class IV 
commodities,  for 165°F (74°C) rated sprinklers; or a mini- 
mum of 0.25 gpm/ft 2 [(10.19 L/min)/m ~] for Class I com- 
modities, 0.28 gpm/ft e [(11.41 L/min)/m'-'] for Class II and 
I11 commodities,  and 0.32 gpm/ft e [(13.04 L/min)/m 2] for 
Class IV commodities,  for 286°F (14l°C) rated sprinklers. 
(See A-7-11 and A-7-13.) 

Where such storage is encapsulated, ceiling sprinkler 
density should be 25 percent  greater  than for nonencapsu- 
lated storage. 
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A-7-13 In multiple-row racks with more than 10 ft (3.1 m) 
between the maximum height of storage and ceiling, a hor- 
izontal barr ier  should be installed above storage with a 
level of sprinklers, spaced as stipulated for in-rack sprin- 
klers, installed directly beneath the barrier,  ha-rack sprin- 
klers should be installed as indicated in Figures 7-13(a) 
through (c). 

A-8 All rack fire tests of plastics were run with an approx-  
imate 10-ft (3. l-m) maximum clearance between the top of 
storage and the ceiling sprinklers.  Within 30-ft (9. l -m) 
high buildings, greater  clearances above storage configura- 
tions sbould be compensated t~ r  by the addit ion of more 
in-rack sprinklers or the provision of greater  areas of appli- 
cation, or both. 

A-10-1 ESFR sp r ink l e r s  were  d e s i g n e d  to r e s p o n d  
quickly to growing fires and deliver heavy discharge to 
suppress fires ra ther  than to control them. ESFR sprinklers 
should not be relied upon to provide suppression if they 
are used outside these design parameters.  

A-10-2.1 Design pa ramete r s  were de t e rmined  from a 
series of full-scale fire tests conducted as a .joint elfort 
between Factory Mutual Research Corpora t ion  and the 
National Fire Protection Research Foundation.  (Copies of 
the test reports  are available from the National Fire Protec- 
tion Research Foundation.)  

A-12-1 The  use of welding, cutting, soldering, or brazing 
torches in the storage areas introduces a severe fire hazard. 
The use of mechanical fastenings and mechanical saws or 
cutting wheels is recommended.  Where welding or cutting 
operations are absolutely necessary, the requirements  of 
NFPA 51 B, Standard for Fire Preventio'~ i~ Use of Cutting and 
Weldi~g Processes, should apply. 

Locomotives should not be allowed to enter  the storage 
area. 

A-12-2 Containers should be empt ied  and their contents 
removed  from the premises  at f i 'equent intervals. (See 
NFPA 82, Sta.ndard o~ h~cinerators mM Waste a~zd Lineal Han- 
dling System~ arid Equ~flme'~t.) -- 

A-12-4 Periodic inspections of all fire protection equip- 
ment  should be made in conjunction with regular  inspec- 
tions of the premises. Unsatisfactory conditions should be 
repor ted  immediately and necessary corrective measures 
taken promptly.  

The  sprinkler system and the water supplies should be 
checked and maintained in accordance with NFPA 25, 
Sta,zdard for the h~spectio~z, Testing, a~d A~]a'b~te~za~ce of Water- 
Based Fire Protection Svstem.~. 

A-12-5 Plant, Emergency Organization. Arrangements  
should be made: in case of fire or other  emergency, to per- 
mit rapid entry into the premises of the municipal fire 
depar tment ,  police depar tment ,  or other  personnel  that 
could be summoned to deal with any enmygency. A well- 
trained plant emergency organization should be provided 
to control emergency conditions that arise. 

The plant emergency organization should be instructed 
and trained in the tbllowing procedures:  

(a) Maintenance of the security of the premises 

(b) Means of summoning outside aid immediately in an 
emergency 

(c) Use of hand extinguishers and hose lines on small 
fires and mop-up operations 

(d) Operat ion of the sprinkler system and water supply 
equipment  

(e) Use of material-handling equipment  while sprinklers 
are operat ing to effect final ext inguishment 

(f) Supervision of sprinkler valves after system is turned 
off so that system can be reactivated if rekindling occurs 

(g) Need for breathing apparatus.  

At ten t ion  should be given to advance p lanning  and 
training witb respect to fire depar tment  response, access, 
and fire fighting. 

A-12-6 General Fire Protection. All f ire-fighting and 
safety personnel should realize the great danger  in shut- 
ting off sprinklers once opened by heat f iom fire. Shutting 
off sprinklers to locate fire could cause a disaster. Ventila- 
tion, use of smoke masks, smoke removal equipment,  and 
removal  of material  are sater. (See NFPA 1420, Recom- 
~11e~ded Proctice Jbr Pre.-h~cide~t Pla~*~Mg for Wm:ehouse Occu- 
paTlctes, for additimml informalio,~.) 

Sprinkler  water should be shut off only alter the fire is 
ext inguished or  completely under  the control  of hose 
streams. Even then, rekindl ing is a possibility. To be ready 
fox p rompt  valve reopening if fire rekindles, a person sta- 
t ioned at the valve, a fire watch, and dependable  commu- 
nications between them are needed until automatic sprin- 
kler protection is restored. 

(a) Pre-Fire Emergency Planning. It is important  that 
such planning be done by management  and fire protection 
personnel  and the action to be taken discussed and corre- 
lated with the local fire depar tment  personnel.  

The critical time during any fire is in the incipient stage, and 
the action taken by fire protection personnel upon notification 
of fire can allow the fire to be contained in its earl.,,, stages. 

Pre-emergency planning should contemplate the tollowing: 

1. Availability of hand fire-fighting equipment  for 
the height and type of commodity involved; 

2. Availability of fire-.fighting equipment  and per- 
sonnel proper ly  trained ibr the l:ype of storage arrange- 
ment involved; 

3. Assurance that all aut6matic fire protection equip- 
ment, such as sprinkler  systems, water supplies, fire pumps 
and hand hose, is in service at all times. 

(b) Fire Department Operations. Sprinkler  protection 
installed as required in this s tandard is expected to protect 
the building occupancy without supplemental  fire depar t -  
ment  activity. Fires that occur in rack storage occupancies 
protected in accordance with this s tandard are likely to be 
controlled within the limits outl ined in B- l - f ,  since no sig- 
nificant bui lding damage  is expected.  Fire depa r tmen t  
activity can, however, minimize the extent  of loss. The  first 
fire depar tment  pumper  arriving at a rack storage-type tire 
should connect immediately to the sprinkler  siamese fire 
depar tment  connection and start pumping  operations. 

In the test series fbr storage up to 25 ft (7.6 m), the aver- 
age time fiom ignition to smoke obscuration in the test build- 
ing was about 13 minutes. The first sprinkler operating time 
in these same fires averaged about 3 minutes. Considering 
response time tot the waterflow device to transmit a water- 
flow signal, approximately 9 minutes remains between the 
time of receipt of a waterflow alarm signal at fire department 
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headquarters and the time of smoke obscuration within the 
building as an overall average. 

In the test series for storage over 25 ft (7.6 m), the visi- 
bility time was extended. If the fire department  or plant 
protection department  arrives at the building in time to 
have sutficient visibility to locate the fire, suppression activ- 
ities .with small hose lines should be started. (Self-contained 
breathing apparatus is recommended.)  IE on the other 
hand, the fire is not readily visible, hose should be laid to 
exterior doors or exterior openings in the building and 
charged lines provided to these points, ready for ultimate 
mop-up operations. Manual fire-fighting operations in 
such a warehouse should not be considered a substitute tot 
sprinkler protection. 

IMPORTANT: The sprinkler system should be kept in oper- 
ation during manual fire-fighting and mop-up operations. 

During the testing program, the installed automatic 
extinguishing system was capable of controlling the fire 
and reducing all temperatures to ambient within 30 min- 
utes of ignition. Ventilation operations and mop-up were 
not started until this point. The use of smoke removal 
equipment is important. 

Smoke removal capability should be provided. Examples 
of smoke removal equipment  include: 

(a) Mechanical air-handling systems 
(b) Powered exhaust £ans 
(c) Roof-mounted gravity vents 
(d) Perinmter gravity vents. 

Whichever system is selected, it should be designed tot 
manual actuation by the fire department,  thus allowing 
personnel to coordinate the smoke removal (ventilation) 
with mop-up operations. .. 

A p p e n d i x  B E x p l a n a t i o n  o f  Tes t  Data and  
P r o c e d u r e s  

771/s ,-tppe~Mtx i~ mJt a part oJ the n'quin;me?~ls oJ lhis NFPA docume?~l 
hut ts included jbr  reformational pu~J)oses oMv. 

Appendix B provides and explanation of the test data 
and procedures that led to the development of this stan- 
dard. The paragraphs are identified by the same number  
as the text i n  this standard to which th~ey apply. 

z |  

B-l-1 Application and Scope. Th(s. 'standardl, , uses as a 
basis the large-scale fire test series conducted at the Factory 
Mutual Research Center, West Glocester, Rhode Island. 

The test buildin~ is approximately 200 ft x 250 ft (61 m 
x 76 m) [50,000 tt ~ (4.6a km-)m area], ot fire-resistive con- 
struction, and contains a volume of approximately 2.25 mil- 
lion ft :{ (63 761.86 m:~), the equivalent of a '100,000-fi e 
(9.29-km") building 22.5 ft (6.2~6 m) high. The test building 
has two primary heights beneath a single large ceiling. The 
east section is 30 ft (9.1 m) high, and the west section is 60 fi 
(18.29 in) high. 

The test series for/~torage height of 20 ft (6.1 in) was 
conducted in the 30-ff (9. l-m) section with clearances fi'om 
the top of storage to/~he ceiling nominally 10 ft (3.1 m). 

Doors at the lower and intermediate levels and ventila- 
tion louvers at the tops of walls were kept closed dur ing the 
majority of the fire tests. This minimized the effect of exte- 
rior conditions. 

The entire test series was tully instrumented with ther- 
mocouples attached to rack members, simulated building 
colunms, bar joists, and the ceiling. 

Racks were constructed of steel vertical and horizontal 
members designed tot 4000-1b (1814-kg) loads. Vertical 
members were 8 ft (2.44 m) O.C. for conventional racks 
and 4 ft (1.22 m) O.C. for simulated automated racks: 
Racks were 3L/2 fi (1.07 m) wide with 6-in. (152.4-mm) lon- 
gitudinal flue space for an overall width of 71/,_, ft (2.29 m). 
Simulated automated racks and slave pallets were used in 
the main central rack in the 4-ft (1.22-m) aisle tests. Con- 
ventional racks and conventional pallets were used in the 
main central rack in the 8-ft (2.44-mm) aisle tests. The 
majority of the tests were conducted with 100-ft'-' (9.29-m e) 
sprinkler spacing. 

The test configuration tot storage heights of 15 ft (4.6 m), 
20 ft (6.1 m), and 25 ft (7.6 m) covered an 1800-ft e (167.2-m'-') 
floor area, including aisles between racks. Tests that were 
used in producing this standard limited fire damage to this 
area. The maximmn water damage area anticipated in the 
standard is 6000 fie (557.4 me), the upper  limit of the 
design curves. "~ 

The test data shows that, as density is increased, both the 
extent of fire damage and sprinkler operation are reduced. 
The data also indicates that, with sprinklers installed in the 
racks, a reduction is gained in the area of fire damage and 
sprinkler operations (i.e., water damage). 

Table B-I-1 illustrates these points. The information 
shown is taken fl-om the test series tor storage height of 
20 ft (6.1 m) using the standard c0nnnodity. 

Table B-l-1 

Sprinkler 
Operation 

Densit~ Fire Damage (165°F) 
gpm/ft" in Test Arra[e Area 

(%) (It') (It 2) 

0.30 (Ceiling only) 79 395 4500-48110 
0.375 (Ceiling only) 17 306 1800 
0.45 (Ceiling only) 9 162 700 
0.20 (Ceiling only) 28-36 504-648 l'3,100-14,000 
0.20 (Sprinklers at 8 144 4100 

ceiling ,rod 
in racks) 

0.30 (Sprinklers at 7 126 700 
ceiling and 
in racks) 

For SI umts: 1 fi = 0.3048 m,°C = 3/~(OF_32): 
1 gpm/fi,'-' 40.746 ( [ j l l l i n ) / l n  '-> 

The tact that there is a reduction in both fire damage 
and. area of water applicatioff as sprinkler densities are 
increased or where sprinklers are installed in racks should 
be considered carefully by those responsible {br applying 
this standard to the rack storage situation. 

In the test tbr storage height of 25 ft (7.6 in), a density 
of 0.55 gpm/ft e [(22.4 L/min)/m'-'] produced 42 percent, or 
756 f(-' (70.26 me), fire damage in the test array and a 
sprinkler-wetted area of 1400 ft 2 (130.1 me). Lesser densi- 
ties would not be expected to achieve the same limited 
degree of control. Therefore, if the goal of smaller areas of 
fire damage is to be achieved, sprinklers in racks should be 
considered. 
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The test series tbr storage height over 25 ft (7.6 m) was 
conducted in the 60-ft (18.29-m) section of the test build- 
ing with nominal  clearances fiom the top of storage to the 
ceiling of either 30 ft (9.1 m) or 10 fi; (3.1 m). 

Doors at the lower and intermediate levels and ventilation 
louvers at the top of walls were kept closed during the fire 
tests. This minimized the etfiect of exterior wind conditions. 

The purpose of the over-25-ft (7.6-m) series was to: 

(a) Determine the a r rangement  of in-rack sprinklers 
thai. can be repeated as pile height increases and that pro- 
vide control of the fire. 

(b) Determine other protbctive arrangements,  such as 
high-expansion foam, that provide control of the fire. 

Control was considered to have been accomplished if the 
fire was unlikely to spread fi'om the rack of origin to adja- 
cent racks or spread beyond the length of the 25-ft (7.6-m) 
test rack. TO aid in this judgment ,  control was considered 
to have been achieved if the fire did not: 

(a) Jump the 4-ft (1.22-m) aisles to adjoining racks. 
(b) Reach the end face of the end stacks (north or south 

ends) of the main rack. 

Control is defined as holding the fire in check through 
the extinguishing system until the commodities initially 
invoh, ed are consumed or until the fire is extinguished by 
the extinguishing system or manual aid. 

The standard commodity as selected in the 20-ft (6. l-m) 
test series was used in the majority of over-25-ft (7.6-m) 
tests• Hallmark products and 3-M products described in 
the 20-f~ (6. l-m) test series report also were used as repre- 
sentative of Class III  or IV commodities, or both, in several 
tests. The results of privately sponsored tests on Halhnark 
products and plastic encapsulated standard commodities 
also were made available to the committee. 

A 25-ft (7.6-m) long test array was used for the majority 
of the over-25-ft (7.6-m) high test series. The decision to 
use such an array was made because it was believed that a 
fire in racks over 25 ft (7.6 m) high that extended the full 
length of a 50-ft (15.24-m) long rack could not be consid- 
ered controlled, particularly as storage heights increased. 

One of the purposes of the tests was to determine arrange- 
ments of in-rack sprilJklers that can be repeated as pile height 
increases and that provide control of the fire. The tests tbr 
storage height of 30 ft (9.1 m) explored the effect of such 
arrays. Many of these tests, however, produced appreciable 
fire spread in storage in tiers above the top level of protection 
within the racks. (In some cases, a total;burnout of the top 
tmrs ofhoth the main rack and the targetrack occurred.) In 
the case of the 30-ft (9. l-m) Hallmark Test 134 on the 60-ft 
(18.3-m) site, the material in the top tiers of storage burned 
vigorously, arid the fire jumped the aisle above the fourth 
tier. The fire then burned downward into the south end of 
the fourth tier. In the test on the floor, a nominal 30-ft 
(9. l-m) clearance occurred between the top of storage and 
the ceiling sprinklers, whereas on the platform this clearance 
was reduced to nominal 10 ft (3•1 m). In most cases, the 
in-rack sprinklers were ett;ective in controlling fire below the 
top level of protection within the racks. It has been assumed 
by the Test Planning Committee that, in an actual case with a 
clearance of 10 fi~ (3.1 m) or less above storage, ceiling sprin- 
Hers would be expected to control damage above the top 
level of protection within the racks. Tests have been planned 
to investigate lesser clearances. 

Tests 114 and 128 explore the effect of" changing the igni- 
tion point fi'om the in-rack standard ignition point to a face 
ignition location, it should be noted, however, that both of 
these tests were conducted with 30-ft (9. l-m) clearance from 
the ceiling sprinklers to the top of storage and, as such, ceil- 
ing sprinklers had little effiect on the fire in the top two tiers 
of storage. Fire spread in the three lower tiers is essentially 
the same. A similar change in the fire spread where the igni- 
tion point is changed was noted in Tests 126 and 127. Once 
again, 30-ft (9. l-m) clearance occurred between the top of 
storage and the ceiling sprinklers, and, as such, the ceiling 
sprinklers had little efl~ect on the t~ace fire. Comparisons of 
Tests 129, 130, and 131 in the test series fi)r storage height of 
50 ft (15.24 m) indicate little effect of pdint of ignition in the 
particular configuration tested. 

Test 125, when compared with Test 133, indicates no 
significant difference in result between approved low pro- 
file sprinklers and standard sprinklers in the racks. 

B-2-1 A review of lull-scale fire tests run on the standard 
commodity (double tri-wall carton with metal liner); of 
Hallmark products and 3-M products (e.g., abrasives, 
pressure-sensitive tapes of plastic fiber, and paper); and of 
the considerable number  of commodity tests conducted 
provides a guide for commodity classifications. This guide 
is not related to any other method of classification of mate- 
rials; theretore, sound engineering judgment  and analysis 
of the commodity and the packaging should be used when 
selecting a commodity classification. 

B-3-2.1 None of the tests that were conducted with den- 
sities in accordance with the design curves produced criti- 
cal temperatures in bar joists 121/e ft (3.81 m) from the 
ignition source. Therefbre, with sprinkler systems designed 
in accordance with the curves, fireproofing of roof steel 
should not be necessary. 

B-3-2.2 Tempera tures  in the test column were main- 
tained below 1000°F (538°C) in all tests where sprinklers in 
racks were used. 

B-3-2.3 Tempera tures  in the test column were main- 
rained below 1000°F (538°C) with densities, of roof ceiling 
sprinklers only, of 0.375 gpm/ft e [(15.3 L/min)/m e] with 8-ft 
(2.44-m) aisles and 0.45 gpm/ft e [(18..'44 L/min)/m ~] with 
4-ft (1.22-m) aisles using the standard commodity. 

B-3-3 Tests were conducted as a part of this program 
with eave line windows or louvers open to simulate smoke 
and heat venting. These tests opened 87.5 percent and 91 
percent more sprinklers than did comparative tests without 
windows or louvers open. Venting tests that have been 
conducted in other programs were without the benefit of 
sprinkler protection and, as such, are not considered in 
this report, which covers only buildings protected by sprin- 
klers. The design curves are based upon the absence of 
roof vents or draft curtains in the building. During mop-up 
operations, ventilating systems, where installed, should be 
capable of manual  exhaust operations. 

B-4-3.1 Test 80 was conducted to determine the effect of 
closing back-to-back longitudinal  6-in. (152.4-mm) flue 
spaces in conventional pallet racks. Test results indicated 
fewer sprinklers operating than with the flue space open, 
and, as such, no minimum back-to-back clearance is neces- 
sary if the ti-ansverse flue space is kept open. 

Tests 145 and 146 were conducted to investigate the 
influence of longitudinal and transverse flue dimensions in 
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double-row racks without solid sheh, es. Results were coin- 
pared with Tests 65 and 66. Flue dimensions in Tests 65, 
66, 145, and 146 were 6 in. (159.4 nun), 6 in. (152.4 into), 
3 in. (76.2 ram), and 12 in. (0.30 m), respectively. All other 
conditions were the same. 

In Tests 65 and 66, 45 and 48 sprinklers operated con> 
pared with 59 and 58 tbr Tests 145 and 146, respectively. 
Fire damage in Tests 145 and 146 was somewhat less than in 
Tests 65 and 66:2100 ft '~ (59.51 in :~) and 1800 ft :~ (51 m :~) in 
Tests 145 and 146, respectively, versus 2300 1t :~ (65.13 m :~) 
and 9300 it :~ (65.13 m :~) in Tests 65 and 66, respectively, of 
combustible material were consumed. 

Test results indicate narrow flue spaces of about 3 in. 
(76.2 ram) allow reasonable passage of sprinkler water 
down through the racks. 

Tests 96 and 107, on multiple-row racks, used 6-in. 
(152.4-mm) transverse flue spaces. The water demand recom- 
mended in the standard is limited to those cases with nominal 
6-in. (159.4-mm) transverse flues in vertical alignment. 

B-4-5 Most tests in the 95-ft (7.6-in) and under  test series 
were conducted with a clearance of 10 ft (3.1 m) from the top 
of storage to the sprinkler deflectors, and the basic design 
curves in Figures 6-19(a) through (g) reflect this condition. 

Tests 140 and 141 were conducted with a 3-fi (0.91-in) 
clearance between the top of storage and the ceiling sprinkler 
deflectors. In Test 140, using a density of 0.30, 36 sprinklers 
operated compared with 45 and 48 sprinklers in Tests 65 and 
66 with a 10-ft (3.l-m) clearance. In Test 141, 89 sprinklers 
operated compared with 140 sprinklers in Test 70 with a 
10-ft (3.l-m) clearance. Fire spread in Tests 140 and 141 was 
somewhat less than in Tests 65, 66, and 70. 

Test 143 was conducted with an 18-in. (0.46-m) clear- 
ance between the top of storage and the ceiling sprinkler 
deflectors, and with (/.30 density. Thirty-seven sprinklers 
operated compared with 36 sprinklers in Test 140 with a 
3-ft (0.91-m) clearance and 45 and 48 sprinklers in Tests 
65 and 76 with a 10-ft (3.l-m) clearance. Fire spread in 
Test 143 with an 18-in. (0.46-m) clearance was somewhat 
less than in Tests 65 and 66 with a 10-ft (3.1-1n) clearance 
and Test 140 with a 3-h (0.91-m) clearance. 

Privately sponsored tests, using a 0.45 ceiling sprinkler 
density and an encapsulated commodity, indicated 40 sprin- 
klers operating with a 10-ff (3.l-m) clearance, 11 sprinklers 
operating with a 3-ft (0.91-m) clearance, and 10 sprinklers 
operating with an 18-in. (0.46-m) clearance. Fire spread was 
tess in the test with the 18-in. (0.46-in) clearance than the 3-ft 
(0.91-m) clearance and also was less with the 3-ft (0.46-m) 
clearance than with the 10-fi (3. l-m) clearance. 

B-4-7 No tests were conducted with idle pallets in racks. 
Such storage conceivably would introduce fire severity in 
excess of that contemplated by protection criteria tbr an 
individual commodity classification. 

B-5-3 The highest operating pressure at any sprinkler in 
the test program was 62.5 psi (430.93 kPa). 

Tests in the 20-ft (6.10-m) high test series were conducted 
using wood and metal bulkheads to determine whether bulk- 
heads could be a substitute tbr either higher ceiling sprinkler 
densities or ibr intermediate sprinklers. Bulkheads of either 
type had no appreciable beneficial efliect on the overall sprin- 
kler performance in double-row rack tests. 

Tests 125 and 134 were conducted to compare the effect 
of a diflm'ent commodity in the 30-fl (9. l-m) high test 

array. If the degree of damage above the top level of pro- 
tection (fifth and sixth tiers) is ignored, the Class III com- 
modity represented by Halhnark cards would appeal  to be 
protected to tile same degree as a Class II commodity. 

Tests 132 and 135 were conducted to determine the 
effect of a different commodity in the test series tbl  storage 
height of 50 ft (15.94 m). The degree of control achieved 
with the 3-M products in Test 135 closely approximates 
that achieved with the standard comlnodity in Test 132. 
The results of the Hallmark Test 134 and the private Hall- 
mark test with geometric, in-rack sprinkler array, and 
in-rack sprinkler flow rate that differs t iom other tests, 
conducted as a separate program, suggests that in storage 
height over 25 ft (7.6 in), Class Ii1 commodities can be 
protected in the same fashion as Class I1 commodities. 

Tests 119 and 115 compare a 10-ft (3.1-1n) clearance 
above storage to sprinklers with a 30-ft (9. l-m) clearance. 

B-5-7 The time of operation of the first sprinkler varied 
fl'om 52 seconds to 3 milmtes and 55 seconds, with n l o s t  

tests under  3 minutes, except in Test 64 (Class l I1), where 
the first sprinkler operated iu 7 minutes and 44 seconds. 
Fire detection more sensitive than waterflow is, therefore, 
considered necessary only in exceptional cases. 

B-5-8 In most tests conducted, it was necessary to use 
small hose ior mop-up operations. Small hoses were not 
used in the high-expansion foam test. 

Test 97 was conducted to evaluate the effect of dry-pipe 
sprinkler operation. Test results were approxilnately the 
same as the base test with a wet-pipe system. A study of 
NFPA records, however, indicates an increase in area of 
operation of" 30 percent to be ill order for dry-pipe systems 
as compared with wet-pipe systelns. 

B-5-10 In all valid tests, with double-row racks, sprinkler 
water supplies were shut off at approximately 60 minutes. In 
only one test did the last sprinkler operate in excess of 30 
minutes after ignition; the last sprinkler operated in excess of 
95 minutes in three tests, with the majority of tests involving 
the last sprinkler operating within 20 minutes. 

B-5-13.2 Test 98 with solid shelves 24 ft (7.3 m) long and 
71/~, fi (2.3 m) deep at each level produced total destruction 
of the commodity in the main rack and jumped  the aisle. 
Density was 0.3 gpm/ft'-' [(12.22 L/min)/nF] fi'om the ceiling 
sprinklers only. Test 108 with shelves 24 ft (7.3 m) long 
and 31/,, ft (1.07 m) deep and with a 6-in. (152.4-mm) lon- 
gitudinal flue space and one level of sprinklers in the rack 
resulted in damage to most of the commodity in the main 
rack, but did not j ump  the aisle. Density fi'om ceiling sprin- 
klers was 0.375 gpm/ft ~ [(15.28 Ijmin)/m"], and rack sprin- 
klers discharged at 15 psi (103.41 kPa). 

These tests did not yield sufficient infor lnat ion to 
develop a comprehensive 'protect ion standard for solid 
shelf racks. Items such as increased ceiling density, use of 
bulkheads, other configurations of sprinklers in racks, and 
limitation of" shelf length and width should be considered. 

Where such rack installations exist or are contemplated, 
the damage potential should be considered, and sound 
engineering j udgmen t  should be used in designing the 
protection systeln. 

Test 98, with solid shelving obstructing both the longitu- 
dinal and transverse flue space, produced unsatisfactory 
results and indicates a need for sprinklers at each level in 
such a rack structure. 
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