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NOTICE 

All questions or other communications relating to this document should he sent only to NFPA Head- 
quarters, 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 Association, 1 Batterymarch Park, EO. Box 9101, Quincy, MA 02269-9101. 

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations Govern- 
ing Committee Projects shall not be considered the official position of NFPA or any of its Committees and 
shall not be COlisidered 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 docmnent, intend to urge action which is not in compliance with appli- 
cable laws and this document may not be construed as doing so. 

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

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the tox- 
icity of the products of combustion 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 combustion in a fire environment. The Board has, therefore, asked all NFPA technical commit- 
tees to review the documents for which they are responsible to be sure that the documents respond to this 
current concern. To assist the committees in meeting this request, the Board has appointed an advisory com- 
mittee to provide specific guidance to the technical committees on questions relating to assessing the hazards 
of the products of combustion. 

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

1. Adoption by Reference - -  Public 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 writing of such use. The term "adoption by reference" 
means the citing 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 copyright 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 jurisdiction's lawmak- 
ing or rulemaking process. B. Once this NFPA Code or Standard has been adopted into law, all printings 
of this docmnent by public authorities with lawmaking or rulemaking powers or any other persons desiring 
to reproduce this document or its contents as adopted by the jurisdiction 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 copyright is contained in each copy. Such license shall be granted 
only upon agreement to pay NFPA a royalty. This royalty is required to provide funds for the research and 
development necessary to continue the work of NFPA and its volunteers in continually updating and revising 
NFPA standards. Under certain circumstances, public authorities with lawmaking or rulemaking powers may 
apply for and may receive a special royalty when the public interest will be served thereby. 

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

(For further explanation, 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 Associa- 
tion, 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 participating in its activities accepts any liability resulting from com- 
pliance or noncompliance with the provisions given herein, for any restrictions imposed on materials or pro- 
cesses, 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. 

SC FM-90 
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NFPA 231C 

Standard for 

Rack Storage of Materials 

1991 Edition 

This edition of NFPA 231C, Standard for Rack Storage of Materials, was prepared by the 
Technical Committee on Rack Storage, released by the Correlating Committee on Stor- 
age, and acted on by the National Fire Protection Association, Inc. at its Fall Meeting 
held November 12-14, 1990 in Miami, FL. It was issued by the Standards Council on 
January 11, 1991, with an effective date of February 8, 1991, and supersedes all previ- 
ous editions. 

The 1991 edition of this document  has been approved by the American National 
Standards Institute. 

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

Origin and Development of NFPA 231C 

In August of 1967, representatives of the rack manufacturers, the fire protection 
equipment  field, 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 fire tests for. 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 making some former recommendations mandatory, and 
new material was added to the Appendix. In 1973 it was further revised to include stor- 
age for heights above 25 ft, and the relocation of advisor), material to the Appendix. In 
1974 the entire format was revised, editorial changes were made, and new material was 
added. 

In 1975, new test data permitted tile introduction of new material. The 1980 edition 
included partial revisions to the standard, in particular the tables and figures in 
Chapter 6. Revisions made in 1986 included expanded protection criteria for plastic 
commodity. 



231C-2 ' .  'RACK gTOR'AGE 0"F MA'i'ERI~LS ~'~''; 

The  1991 edition has incorporated a variety of changes that include editorial improve- 
ments as well as numerous  substantive changes. Technically impor tant  changes for 1991 
include permission to utilize intermediate  and high tempera ture  sprinklers for plastic 
commodity.  In addition, a series of figures have been included that show relative posi- 
tions of  in-rack sprinklers for rack storage of  Group A plastics. The  previously issued 
TIA on ESFR sprinklers has now been incorporated as a new chapter  in the 1991 
edition. 

1991 Edition 



MORGAN TECHNICAL LIBRARY 
NATIONAL FIRE PROTECTION ASSN. 

BATi'ERYMARCH PARK 
QUINCY, MA 02269 

E r r a t a  

NFPA 231C 

Rack Storage of Materials 

1991 Edition 

Reference: 5-13.2, Table 6-13.2, 8-1.5.3, 8-1.5.4, Figures 8-2(b), (c), (d), (e), (f), 
Table 8-2.1 

The Committee on Rack Storage notes the following errors in the 1991 edition of Standard 
for Rack Storage o f  Materials, NFPA 231 C: 

1. Change second line o f  5-13.2 to read: 

" . . .  shelf in single, double or multiple row racks ..." 

2. Change title o f  Table 6-13.2 to read: 

Muhiple-Row Racks. Rack Depth Over 16 ft or Aisles Narrower than 8 ft, Storage Height up 
to 25 ft. 

3. Change heading o f  8-1.5.3 to read: 

"In-Rack Sprinkler Water Shields." 

4. Insert heading for 8-1.5.4 as [~dlows: 

"In-Rack Sprinkler Clearance." 

5. In Figure 8-2(b), for the .30/2000 ceiling criteria, change reference to Figure 8-2(g). 

6. In Figure 8-2(c), fbr the .45/2000 ceiling criteria, change reference to Figure 8-2(g): fin. 
the .30/2000 ceiling criteria, change reference to Figure 8-2(h). 

7. In Figure 8-2(d), change the reference figures as tollows: 

.45/2000 criteria, Note 2, 

.30/2000 criteria, Note 4, 

.30/2000 criteria, Note 4, 

.30/2000 criteria, Note 3, 

Figure 8-2(g) 
Figure 8-2(i) 
Figure 8-2(i) 
Figure 8-2(11) 

8. In Figure 8-2(e), change the reference figures as follows: 

.45/2000 criteria, Note 3, Figure 8-2(tl) 

.30/2000 criteria, Note 4, Figure 8-2(i) 

(Continued) 



9. In Figure 8-2(f), change the reterence to Figure 8-2(i). 

I0. Delete "Fable 8-2.1 in its entirety. 

I s sue  Date: May, 1991 

(;op) right © 1991 All Rights Reserved 
NATIONAl .  FIRE ] 'ROrIECTION ASSO(HATI()N 
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Committee on Storage 

Correlating Committee 

E. J. Schiffhauer, Chairman 

Eastman Kodak Co. 

J. s. Barritt, Eastham, MA 
Rep. IRI 

Wm. George Clark, MacMillan Bloedel Ltd. 

Nonvoting 

Thomas Goonan, Tom Goonan Associates 
Stephen R. Hoover, Kemper Group 
W. P. Thomas, Jr., Kemper Group 

Richard A. Comstock, Fire Prevention & Engineering Bureau of Texas 

Rep. T/C on Marine Terminals 

Technical Committee on Rack Storage 

j .  s. Barritt, Chair~nan 

Eastham, MA 
(Rep. IR1) 

Charles B. Barnett, ASCOA Fire Systems 
Rep. NFSA 

Phil ip R. Belisle, Speedrack Products Group, 
Ltd. 

Rep. RMI 
E. Bertram Berkley, Tension Envelope Corp. 

Rep. EMA 
William M. Carey, Underwriters Laboratories 
Inc. 
Ralph E. Collins, R. E. Collins Associates 
Robert B. Combs, Johnson & Higgins of WA 
Inc. 
Frank J. Dahn, Navy Public Works Center  
Code 422 

Rep. NFEC 
Casimir J. Drygas, Jr., M & M Protection Con- 
sultants 
Robert C. Everson, Calabash, NC 
William W. Glassmyer, St. Onge Ruff & Assoc. 
Inc. 
Robert J. Gray, Fire Spec Inc. 

Rep. AFSA 

Herbert N. Davidson, Liberty Mutual Insur- 
ance Co. 

(Alternate to W. P. Thomas, Jr.) 
Russell P. Fleming, Nat'l Fire Sprinkler Assoc. 

(Alternate to J. Thacker) 

Alternates 

Anthony C. Gumkowski, Travelers Insurance 
Cos. 
Joseph B. Hankins,  Factory Mutual Research 
Corp. 
Richard S. Johnson,  Hilton Head, SC 

Rep. T/C on General Storage 
Novell Liston, Eaton-Kenway Inc. 

Rep. MHI/ASRS 
Navin D. Mehta,  Defense Logistics Agency 
(WIR) 
Andy Miller, Halhnark Cards Inc. 

Rep. NFPA/IFPS 
E.J.  Schiffhauer, Eastman Kodak Co. 
Chester W. Sehirmer, Schirmer Engineering 
Corp. 
Jack Thacker, Mlan Automatic Sprinkler Co. 

Rep. NFSA 
W. P. Thomas, Jr., Kemper Group 

Rep. AAI 
William A. Webb, RolfJensen & Assoc. Inc. 
Donald P. Yuellig, Cincinnati, OH 

Rep. EMANA 

Leo W. Fleury, Jr., Grinnell Corp. 
Rep. NFSA 
(Mternate to C. B. Barnett) 

Raymond A. Grill, RolfJensen & Assoc. In ". 
(Mternate to W. A. Webb) 
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J o h n  T. H igg ins ,  Dow C orn i ng  Corp.  
Rep. NFPA/IFPS 
(Alternate to A. Miller) 

J a m e s  M. Ingal l s ,  Indust r ia l  Risk Insure rs  
(Alternate to J. S. Barritt) 

He rb  Kle in ,  Unarco  Indust r ies ,  Inc. 
(Alternate to P. R. Belisle) 

Kei th  C. Kremkow,  J o h n s o n  & Higgins  of  WA 
Inc. 

(Alternate to R. B. Combs)  

George  E. Laverick,  Underwr i t e r s  Laborato-  
ries Inc. 
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(Alternate to C. J. Drygas) 

Richard P. Bielen, NFPA Staff Liaison 

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

NOTE Membership on a Comnlittee shall not in and of itself constitute an endorsement of the Association 
or any document developed by the Comminee on which the member serves. 
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NOTICE: An asterisk (*) following the number or letter 
designating a paragraph or section in the text indicates 
explanatory material on that paragraph or section in 
Appendix A. 

A dagger ($) following the number or letter designating a 
paragraph or section in the text indicates explanatory test 
data and procedures in regard to that paragraph or section 
in Appendix B. 

hfformation on referenced publications can be tbund in 
Chapter 13 and Appendix C. 

Chapter 1 Introduction 

1-1$ Application and Scope. This  s tandard  applies  to 
s torage of  materials  r ep re sen t ing  the b road  range  of  com- 
bustibles s tored over  12 ft (3.66 m) in he igh t  on racks. For  
s torage he ight  of  12 ft (3.66 m) o r  less, see NFPA 13, Stan- 
dard for the Installation of Sprinkler Systems. 

Storage on plastic pallets o r  plastic shelves is outs ide the 
scope of  this s tandard.  

Storage o f  high hazard  materials  such as tires, roll pape r  
s tored on end,  and f lammable  liquids is outs ide the scope 
o f  this s tandard.  Storage of  such commodi t i es  shall be pro-  
tected in accordance  with the provisions of  NFPA 30, 
Flammable and Combustible Liquids Code; NFPA 40, Standard 
for the Storage and Handling of Cellulose Nitrate Motion Picture 
Film; NFPA 490, Code for the Storage of Ammonium Nitrate; 
NFPA 58, Standard for the Storage and Handling of Liquefied 
Petroleum Gases; NFPA 81, Standard for Fur Storage, Fumiga- 
tion and Cleaning; NFPA 231, Standard for General Storage; 
NFPA 231D, Standard for Storage of Rubber Tires; NFPA 
231 E, Recommended Practice for the Storage of Baled Cotton; 
NFPA 231F, Standard for the Storage of Roll Paper; 
and NFPA 232, Standard for the Protection of Records, as 
applicable. 

Bin storage and shelf  s torage are  outs ide the scope of  
this s tandard.  

1-2 Def in i t ions .  Unless expressly stated e lsewhere ,  the 
fol lowing terms shall, for the purpose  of  this s tandard ,  
have the meanings  indicated below. 

Aisle Width .  T h e  hor izonta l  d imens ion  be tween  the 
face o f  the loads in racks u n d e r  considerat ion.  (See Figure 
1-2.1.) 

Approved. Acceptable to the "author i ty  having jur is -  
dict ion." 

NOTE: The National Fire Protection Association does not 
approve, inspect or certify any installations, procedures, 
equipment, or materials nor does it approve or evaluate 

Aisle width 

PLAN VIEW 

Aisle 
Width 

END VIEW 

Figure 1-2.1 Illustration of  Aisle Width. 

testing laboratories. In determining the acceptability of 
installations or.p.~ocedures, equipment or materials, the 
authority having, jurisdiction may base acceptance on com- 
pliance with NFPA or other appropriate standards. In the 
absence of sfich standards, said authority may require evi- 
dence of proper installation, procedure or use. The author- 
ity having jurisdiction may also refer to tile listings or label- 
ing practices of an organization concerned with product 
evaluations which is in a position to determine compliance 
with appropriate standards for the current production of 
listed items. 

Authority Having Jurisdiction. T h e  "au thor i ty  having 
j u r i s d i c t i o n "  is the  o r g a n i z a t i o n ,  office o r  i n d i v i d u a l  
responsible  for " a p p r o v i n g "  equ ipmen t ,  an installation or  a 
p rocedure .  

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

Bulkhead .  A vertical  ba r r i e r  across the rack. 

I C lea rance .  Clearance  is the distance f rom the top of  
s torage to the ceil ing spr inkler  deflectors.  

Commodity. D e s i g n a t e s  c o m b i n a t i o n s  o f  p r o d u & ,  
packing material ,  and conta iner  u p o n  which commodi ty  
classification is based. 

Conventional Pallets. A m a t e r i a l  h a n d l i n g  a id  
des igned to suppor t  a uni t  load with open ings  to p rov ide  
access for mater ia l  hand l ing  devices (see Figure 1-2.2). 

Encapsulated. A m e t h o d  of  packaging  consist ing of  a 
plastic sheet  comple te ly  enclosing the sides and top of  a 
pallet  load conta in ing  a combust ible  commodi ty  or  a com- 
bustible package or  a g roup  of  combust ible  commodi t i es  or  
combust ible  packages. Total ly noncombus t ib le  commodi -  
ties on wood pallets enclosed only by a plastic sheet  as 
descr ibed are  not  cons idered  to fall u n d e r  this definit ion.  
Banding,  i.e., stretch wrapp ing  a r o u n d  the sides only of  a 
pallet  load, is not  cons idered  to be encapsula ted.  T h e  t e rm 
encapsula ted  does not  apply to individual  plast ic-enclosed 
i tems inside a large nonplast ic  enclosed container .  
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Conventional pallet 

Solid flat bottom 
wood pallet 

Figure 1-2.2 Typical Pallets. 

I ESFR. See NFPA 13, Standard for the hlstallation of 
Sprinkler Systems. 

Face Sprinklers. Standard sprinklers located in trans- 
verse flue spaces along the aisle or in the rack, within 18 in. 
(0.46 m) of the aisle face of storage to oppose vertical devel- 
opment  of fire on the external face of storage. 

Free-Flowing Plastic Materials. Those plastics which 
will fall out of their containers in a fire condition, fill flue 
spaces, and create a smothering effect on the fire. Exam- 
pie: powder, pellets, flakes, or r andom packed small 

] objects [razor blade dispensers, 1-2 oz (30-59 ml) bottles, 
etc.]. 

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

Labeled. Equipment or materials to which has been 
attached a label, symbol o r  other identifying mark of an 
organization acceptable to the "authority having jurisdic- 
tion" and concerned with product evaluation, that main- 
rains periodic inspection of production of labeled equip- 
ment or materials and by whose labeling the manufacturer 
mdtcates comphance with approprtate standards or perfor- 
mance in a specified manner.  

Listed. Equipment or materials included in a list pub- 
lished by an organization acceptable to the "authority hav- 
ing jurisdiction" and concerned with product evaluation, 
that maintains periodic inspection of production of listed 
equipment  or materials and whose listing states either that 
the equipment  or material meets appropriate standards or 
has been tested and found suitable for use in a specified 
manner.  

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

[ IZ iD. . 

~W=.~, C°nventi°nal 
pallet 

Comm~i~ 

m 

 .Z1 g.,: '°°r 
- / / : = v .  . 

Possible transverse flue spaces 

- - I F - -  

_~1~____ = 

II 

i r  

~ l i ~  

Longitudinal 
flue space 

Longitudinal 
flue space 

Rows of storage 

Figure 1-2.3 Typical Double Row (Back-to-Back) Rack Arrangement. 

Longitudinal  Flue Space. The space between rows of 
storage perpendicular  to the direction of loading (see Figure 
1-2.3). 

Rack. Any combinat ion of vertical, horizontal,  and 
diagonal members that support  stored materials. Some 
rack structures use solid shelves. Racks may be fixed, por- 
table, or movable [see Figure.~ A-4-1(a) through (k)]. Loading 
may be either manual, using lift trucks, stacker cranes, or 
hand placement; or automatic, using machine controlled 
storage and retrieval systems. 

Single Row Racks. Single row racks are racks with 
no longitudinal flue space and having a width up to 6 ft 
(1.8 m) with aisles at least 3.5 ft (1.1 m) fi-om other storage. 

Double Row Racks. Double row racks are two single 
row racks placed back to hack, having a combined width 
up to 12 fi (3.7 m) with aisles at least 3.5 ft (1.1 m) on each 
side. 

Multi-Row Racks. Multi-row racks are racks greater 
than 12 ft (3.7 m) wide or single or double row racks sep- 
arated by aisles less than 3.5 ft (1.1 m) wide having an 
overall width greater than 12 ft (3.7 m). 

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

Movable Racks. Movable racks are racks on fixed 
rails or guides. They can be moved back and forth only in 
a horizontal two-dimensional plane. A moving aisle is cre- 
ated as abutting racks are either loaded or unloaded, then 
moved across the aisle to abut other racks. Rack arrange- 
ments generally result in the same protection needs as for 
muhi-row racks. 

Shall. Indicates a mandatory requirement.  

Shelf Storage. Storage in structures usually less than 
30 in. (0.76 m) deep, seldom more than 2 ft (0.61 m) 
between shelves and seldom higher than 12 ft (3.66 m). 
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Should. Indicates a recommendat ion or that which is 
advised but not required.  

Slave Pallet.  A special pallet captive to a material han- 
dling system (see Figure 1-2.2). 

Solid Shelving. Solid shelving is solid, slatted, or other  
types of  shelves located within racks that obstruct sprinkler  
water penetrat ion down throug h the racks. 

Transverse Flue  Space. The  space between rows of 
storage parallel to the direction of  loading (see Figure 
~-23). 

Chapter 2 Classification of  Storage 

2-11" Commodity Classifications. 

2-1.1 Class I commodity is defined as essentially noncom- 
bustible products  on wood pallets, or in ordinary  corru- 
gated cartons with or without single thickness dividers, or 
in ordinary paper  wrappings,  all on wood pallets. Such 
products  are permit ted to have a negligible amount  of 
plastic trim, such as knobs or handles. 

Examples of Class I products  are: 

Metal Products. Metal desks with plastic tops and trim, 
electrical coils, electrical devices in their metal enclosures, 
pots and pans, electrical motors, dry cell batteries, metal 
parts, empty cans, stoves, washers, dryers, and metal cabi- 
nets. 

Glass Products. Glass bottles, empty or filled with non- 
combustible liquids; mirrors.  

Foods. Foods in noncombustible containers; frozen foods; 
meat; fresh fruits and vegetables in nonplastic trays or con- 
tainers; dairy products  in nonwax-coated paper  containers; 
beer or wine, up to 20 percent  alcohol, in metal, glass, or 
ceramic containers. 

Others. Oil-filled and other  types of  distribution trans- 
formers,  cement  in bags, electrical insulators,  gypsum 
board,  inert pigments, and dry insecticides. 

2-1.2 Class II commodity is defined as Class I products in 
slatted wooden crates, solid wooden boxes, multi-wall cor- 
ruga ted  cartons,  or  equivalent  combust ib le  packag ing  
material on wood pallets. 

Examples of  Class II products  are: thinly coated fine 
wire such as radio coil wire on reels or in cartons; incan- 
descent or fluorescent light bulbs; beer  or wine, up to 20 
percent  alcohol, in wood containers; and Class 1 products,  
if in small cartons or small packages placed in ordinary  
corrugated cartons. 

2-1.3 Class 111 commodity is defined as wood, paper ,  nat- 
ural fiber cloth, Group C plastics, or products thereof; on 
wood pallets. Products are permit ted to contain a limited 
amount  of Group A or B plastics. Wood dressers with plas- 
tic drawer glides, handles, and trim are examples of a con> 
modity with a limited amount  of  plastic. 

Examples of Class I I I  products  are: 

Paper Products. Books, magazines, newspapers;  statio- 
nery; plastic-coated paper  food containers; paper  or card- 
board games; tissue products;  rolled paper  on side or steel 
handed on end; and regenerated cellulosics (cellophane). 

Leather Products. Shoes, jackets, gloves, and luggage. 

Wood Products. Doors,  windows,  doo r  and  window 
frames, combustible fiberboard,  wood cabinets, furniture,  
and other  wood products.  

Textiles. Natural  fiber uphols tered nonplastic furniture;  
wood or metal furniture with plastic padded  and covered 
armrests; mattresses without expanded  plastic or rubber;  
absorbent  cotton-.,!n cartons;  na tura l  fiber and viscose 
yarns, thread,  and 'products ;  and natural  fiber clothing or 
textile products.  

Others. Tobacco products  in paperboard  cartons; non- 
flammable liquids such as soaps, detergent  and bleaches, 
and nonflammable pharmaceuticals in plastic containers; 
combustible foods or cereal produ&s; and nonnegative- 
p roduc ing  film packs in sealed metal  foil wrappers  in 
pape rboard  packages. 

2-1.4 Class IV commodity is defined as Class I, II,  or  I I I  
products  containing an appreciable amount  of  Group A 
plastics in a paperboard  carton or Class I, II,  or I I I  prod-  
ucts with Group A plastic packing in paperboard  cartons 
on wood pallets. Group B plastics and free-flowing Group 
A plastics are also included in this class. (See Section 1-1.) 

Examples of Class IV products  are: small appliances, 
typewriters, and cameras with plastic parts; plastic-backed 
tapes and synthetic fabrics or clothing. An example  of 
packing material is a metal product  in a foamed plastic 
cocoon in a corrugated carton. 

Class IV commodities also include: 

Textiles. Synthetic thread and yarn except viscose, and 
nonviscose synthetic fabrics or clothing. 

Others. Vinyl floor tile, wood or metal frame upholstered 
furniture or mattresses with plastic covering and/or  pad- 
d ing,  and  p l a s t i c -padded  metal  d a s h b o a r d s  or  metal  
bumpers .  

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

Note: The ibllowing categories are based on unmodified 
plastic materials. The use of fire or flame-retarding modifi- 
ers or the physical form of the material may change the 
classification. 

Group A 

ABS (Acrylonitri le:Butadiene-Styrene Copolymer) 
Acetal (Polyformaldehyde) 
Acrylic (Polymethyl Methacrylate) 
Butyl Rubber 
EPDM (Ethylene-Propylene Rubber) 
FRP (Fiberglass Reinforced Polyester) 
Natural  Rubber 
Nitrile Rubber (Acrylonitrile-Butadiene Rubber) 
PET (Thermoplastic Polyester) 
Polybutadiene 
Polycarbonate 
Polyester Elastomer 
Polyethylene 
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Polypropylene 
Polystyrene 
Polyurethane 
PVC (Polyvinyl Chlor ide  - -  highly plast icized,  e.g., 

coated fhbric, unsuppor ted  film) 
SAN (Styrene Acrylonitrile) 
SBR (Styrene-Butadiene Rubber) 

Group B 

Ce l lu los i c s  (Ce l lu lo se  Ace ta t e ,  C e l l u l o s e  A c e t a t e  
Butyrate, Ethyl Cellulose) 

Chloroprene Rubber 
Fluoroplastics (ECTFE - -  Ethylene-Chlorotrifluoro- 

ethylene Copolymer;  ETFE - -  Ethylene-Tetrafluoro- 
e t h y l e n e  C o p o l y m e r ;  FEP - -  F l u o r i n a t e d  E thy lene -  
Propylene Copolymer) 

Nylon (Nylon 6, Nylon 6/6) 
Silicon Rubber 

Group C 

Fluoroplastics (PCTFE - -  Polychlorotrif luoroethylene; 
PT.FE - -  Polytetrafluoroethylene) 

Melamine (blelamine Formaldehyde)  
Phenolic 
PVC (Polyvinyl Chloride - -  rigid or lightly plasticized, 

e.g., pipe, pipe fittings) 
PVDC (Polyvinylidene Chloride) 
PVDF (Polyvinylidene Fluoride) 
PVF (Polyvinyl Fluoride) 
Urea (Urea Formaldehyde)  

Chapter  3 B u i l d i n g  C o n s t r u c t i o n  

3-1 Construct ion.  Buildings used for the rack storage of 
materials that are protected in accordance with this stan- 
dard  shall be of any of the types described in NFPA 220, 
Standard on Types of Building Construction. 

3-2 Fire Protection of  Steel. 

3-2.1]- With spr inkler  .systems installed in accordance 
with Chapters  6, 7, 8, 9, and 10, fire protection of roof  steel 
is not required.  

3-2.2]- Where ceiling sprinklers and sprinklers in racks 
are installed in accordance with Chapters 5, 6, 7, and 8; 
fire protection of steel building columns -is not required.  ~ , :  

3-2.3]- Where storage height exceeds 15 ft (4.57 m) and 
ceiling sprinklers only are installed, fire protection by one 
of the following methods is required for all types of steel 
building columns located within the racks or for vertical 
rack members that suppor t  the building: 

(a) One-hr  fire proofing. 
(b) Side wall sprinklers at the 15-ft (4.57-m) elevation, 

pointed toward one side of the steel colunm. 
(c) For storage heights above 15 It (4.57 m), up to and 

including 20 ft (6.1 m), provision of ceiling sjprinkler den- 
sity for a minimum of 2000 sq ft (185.9 m") with 165°F 
(74°C) or 286°F (14l°C) temperature-ra ted  sprinklers as 
shown in Table 3-2.3. 

I (d) Provision of large drop  or ESFR ceiling sprinkler 
protection in accordance with Chapters 9 and 10, respec- 
tively. 

Table 3-2.3 

Aisle 

Commodity Class 4 ft (1.22 m) . 8 ft (2.44 m) 

I 0.37 0.33 
l I 0.44 0.37 
I l l  0.49 0.42 
IV and Plastics 0.68 0.57 

NOTE: For aisle widths between 4 fl and 8 fl (1.22 m - 2.44 m), a rill-eel 
linear interpolation between densities may be made. 

3-3]- Vents and Draft Curtains. 1)esign curves are based 
upon roof  vents and draft curtains not being used. 

Ch ap ter  4 Storage  A r r a n g e m e n t s  

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

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

4-3 Flue Space. 

4-3.1"]- In dtmble row racks with height of storage up to 
and including 25 ft (7.62 m), and without solid shelves, a 
longitudinal flue space (back-to-back clearance) is not nec- 
essary. Nominal 6-in. (152.4-mm) transverse flue space 
between loads or at rack uprights  shall be maintained.  
Random variations in the width of lhe flue spaces or in 
their vertical al ignment shall be permit ted.  (See Figure 
4-3.1.) 

[ Exception: A longitudinal flue space is ~zeces.~a U when ESI"R 
sprinkler protectio.n is provided. 

~ ~ 1 [ ~  r~ l  [] r-- Conventional 

L/  Floor 

I t  

Possible transverse flue spaces No longitudinal flue 
, x,~--~ ~ ,  ~ ~__ space is necessary 

, . .~_~ Rows of storage 

. . . . . . . . . . . . . .  No longitudinal 
~]_ ] ~ _  I ~  __ J ~  _ _ t . ~  _ _ (back-to-back clearance) 

. . . . . . . . . . . . . .  flue space 

Figure 4-3.1 Typical Double Row Rack with Back-to-Back Loads. 
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4-3.2 In double r o w  racks with height of storage over 
25 ft (7.62 m), a minimum longitudinal flue space of (nom- 
inal) 6 in. (152.4 mm) shall be provided.  

4-4* Aisle Widths. 

4-4.1 Aisle widths and depth  of  racks are de termined by 
material handl ing methods. Width of aisles shall be consid- 
ered in the design of  the protection system (see Chapters 5, 
6, and 7). 

4-4.2 This s tandard contemplates that aisle widths will be 
maintained either by fixed rack structures or control in 
placing of  portable racks. Any decrease in aisle width shall 
require a review of  the adequacy of  the protective system. 

4-5"]. Storage Heights. The distance from the top of the 
pile to the ceiling sprinkler  deflectors shall be not less than 
18 in. (0.46 m). 

I Exception: When large-drop or ESFR sprinkler protection is 
used, the distance from top of storage to the ceiling sprinkler 
deflectors shall be not less then 36 in. (0.91 m). 

',' 4-6 Commodity Clearances. 

4-6.1" Commodi ty  clearances  shall be main ta ined  in 
accordance with NFPA 91, Standard for the Installation of 
Blower and Exhaust Systems for Dust, Stock and Vapor Removal 
or Conveying. 

4-6.2* Incandescent Light Fixtures. 

4-7*]" Storage of Idle Combustible Pallets. Bulk storage 
of  idle combustible pallets shall b e  in accordance with 
N FPA 231, Standard for General Storage. 

Chapter 5 Fire Protection --  General 

5-1 Protection Systems. 

5-1.1 Protection systems that are provided for rack stor- 
age facilities shall be in accordance with the provisions of  
this chapter.  

5-1.2 The  densities and areas provided in the tables and 
curves in Chapters 6, 7, and 8 are based on fire tests using 
s tandard response; s tandard orifice []/2 in. (12.7 mm)] and 
large orifice [17/.~2 in. (13.5 ram)] sprinklers. For the use of 

I large-drop and ESFR sprinklers, see Chapters  9 and 10, 
respectively. 

5-2 Ceiling Sprinklers. 

5-2.1" Where  automatic sprinkler  systems are installed, 
they shall be in accordance with NFPA 13, Standard for the 
Installation of Sprinkler Systems, except as modified by this 
s tandard.  

5-2.2* In bu i ld ings  that are occupied in part  for rack 
storage of  commodities,  the ceiling sprinkler  system design 
within 15 ft (4.57 m) of the racks shall be the same as that 
provided over the rack storage area. 

5-3]. Ceiling Sprinkler Spacing. For  the purpose  of 
select ing sp r ink le r  spacings in hydraul ica l ly  des igned  
sprinkler  systems, to obtain a stipulated density, 60 psi 
(413.7 kPa) shall be the maximum discharge pressure used 
at the calculation starting point. 

5-4 In-Rack Sprinkler System Size. The area protected 
by a single system of  sprinklers in racks (in-rack sprinklers) 
shall not exceed 40,000 sq ft (3716 m 2) of  floor area occu- 
pied by the racks, including aisles, regardless of  the num- 
ber  of intermediate  sprinkler  levels. 

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

5-5.1" When sp~ifiklers are installed i n r a c k s ,  separate 
indicating control valves and drains shall be provided for 
ceiling sprinklers and sprinklers in racks. 

Exception No. 1." In-rack instaUations of 20 or less sprinklers. 

Exception No. 2: The separate indicating valves may be 
arranged as sectional control valves when the racks occupy only a 
portion of the area protected by the ceiling sprinklers. (See 5-2.2.) 

5-6 In-Rack Sprinkler Water Demand. Water demand  of 
sprinklers installed in racks shall be added  to ceiling sprin- 
kler  water  d e m a n d  at the  p o i n t  of  connec t ion .  T h e  
demand  shall be balanced to the h igher  pressure.  

5-7*]" Sprinkler Waterflow Alarm. 

5-8t  Hose Connections. For first aid fire fighting and for 
mop-up operations,  small [11/2 in. (38.1 mm)] hose lines 
shall be available to cover all areas of the rack structure. 
Such small hose shall be supplied from: 

(a) Outside hydrants  

(b) A separate piping system for small hose stations 

(c) Valved hose connections on sprinkler  risers where 
such connections are made upst ream of  all sprinkler  con- 
trol valves 

(d) Adjacent sprinkler  systems. 

Exception: When separately controlled in-rack sprinklers are 
provided, the ceiling sprinkler system in the same area shall be 
permitted to be used. 

5-9 Hose Demand. : . 

5-9.1 For inside hose streams an allowance of at least 
100 gpm (378 L/min) shall be added  to sprinkler  water 
demand  for Class I, II ,  I II ,  IV, or  plastic commodities.  

5-9.2 For combined inside and outside hose streams, an 
allowance of at least 500 gpm (1893 L/rain) shall be a d d e d  
to sprinkler  water demand  for Class I, If,  I I I ,  IV, or  plas- 
tic commodities.  

5-10t  Duration of Water Supplies. For double  row 
racks the water supply durat ion shall be at least 11/2 hr  for 
Class I, II,  and I l l  commodities and at least 2 hr  for Class 
IV and Group A plas t ic  commodities.  For multiple row 
racks the water supply' durat ion shall be at least 2 hr  for all 
classifications of commodities.  
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5-11 High Expansion Foam. 

5-11.1" When high expansion foam systems are installed, 
they shall be in accordance with NFPA 11A, Standard for 
Medium- and High-Expansion Foam Systems, except as modi- 
fied by this standard, and they shall be automatic in oper- 
ation. 

5-11.2 When high expansion foam systems are used in 
combination with ceiling sprinklers, in-rack sprinklers shall 
not be required. 

5-12 Detectors for High Expansion Foam Systems. 

5-12.1 Detectors shall be listed and shall be installed: 
(a) At the ceiling only if installed at one-half listed linear 

spacing [e.g., 15 f t x  15 ft (4.57 in x 4,57 m) instead of 
30ft  x 30f t  (9.15 m x 9.15 in)]. 

Exception: Ceiling detectors only shouM not be used when clear- 
ance from the top of storage exceeds l o f t  (3.05 m) or height of 
storage exceeds" 25 ft  (7.62 m). 
o r ,  

(b) At the ceiling at listed spacing and in racks at alter- 
nate levels, or 

(c) When listed for rack storage installation and installed 
in accordance with their listing to provide response within 
one min after ignition using ignition source equal to that 
used on the rack storage testing program. 

5-13 Solid and Slatted Shelves. 

5-13.1" Slatted shelves shall be considered the same as 
solid shelves. 

5-13.2t Sprinklers shall be installed at the ceiling and 
beneath each shelf in double or multiple row racks with 
solid shelves that obstruct both longitudinal and transverse 
flue spaces. Design curves for combined ceiling and in-rack 
sprinklers shall be used with this storage configuration. 

5-14t Open-Top Combustible Containers. 

5-15 Movable Racks. 

5-15.1 Rack storage in movable racks shall be protected 
in the same manner  as multiple row racks. 

Chapter  6 Fire Protec t ion  - -  Storage up to and 
I n c l u d i n g  25 Feet (7.62 m) in H e i g h t  

Part A General  

NOTE: See also Chapter 5. 

6-1 In-Rack Sprinkler Type. Sprinklers in racks shall be 
ordinary temperature  classification with nominal  I/2-in. 
(12.7-ram) orifice size pendent  or upright. Sprinklers with 
212°F (100°C) and 286°F (141°C) temperature ratings shall 
be used near heat sources as required by NFPA 13. 

6-2 In-Rack Sprinkler Pipe Size. The number  of sprin- 
klers and the pipe sizing on a line of sprinklers in racks is 
restricted only by hydraulic calculations and not by any 
piping schedule. 

6-3t In-Rack Sprinkler Water Shields. Water shields 
shall be provided directly above in-rack sprinklers, or listed 
sprinklers equipped with water shields shall he used when 
there is more than one level, if not shielded by horizontal 
barriers. 

6-4 In-Rack Sprinkler Location. 

6-4.1"t The elevation of in-rack sprinkler deflectors with 
respect to storage shall not be a consideration in single or 
double rack storage up to and including 20 ft (6.1 m) high. 

6-4.2* In single or double row racks without solid shelves 
with height of storage over 20 ft (6.1 m), or in multiple row 
racks, or in single or double row racks with solid shelves 
and height of storage up to and including 25 ft (7.62 m), a 

] minimum of 6 in. (152.4 ram) vertical clear space shall be 
maintained between the sprinkler deflectors and the top of 
a t ier of s torage.  S p r i nk l e r  d i scharge  shall not  be 
obstructed by horizontal rack members. 

6-4.3 In-rack sprinklers at one level only for storage up 
to and including 25 ft (7.62 m) high in single or double 
row racks shall be located at the first tier level at or above 
one-half of the storage height. 

6-4.4 In-rack sprinklers at two levels only for storage up 
to and including 25 ft (7.62 m) high shall be located at the 
first tier level at or above one-third and two-thirds of the 
storage height. 

6-5 In-Rack Sprinkler Spacing. 

6-5.1" Maximum horizontal spacing of sprinklers in sin- 
gle or double row racks with nonencapsulated storage up 
to and including 25 ft (7.62 m) in height shall be in accor- 
dance with the following table: 

Commodity Class 

Aisle Widths I & II III IV 
8fi 12ff 12fl 8ft 
4ff 12fl 8ft 8ft 

ForSI Umts: 1 ft = 0.3048 m 

For encapsulated storage, maximum horizontal spacing 
is 8 ft (9.44 m). 

6-5.2t Sprinklers installed in racks shall be spaced with- 
out regard to rack uprights. 

6-6]" In-Rack Sprinkler Discharge Pressure. Sprinklers 
in racks shall discharge at not less than 15 psi (103.4 kPa) 
for all classes of commodity. 

6-7t In-Rack Sprinkler Water Demand. Water demand 
for sprinklers installed in racks shall be based on sinmlta- 
neous operation of the most hydraulically remote: 

(a) Six sprinklers when only one level is installed in 
racks with Class I, II, or III  commodity. 
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FIRE PROTECTION -- STORAGE UP TO AND INCLUDING 25 FEET (7.62 M) IN HEIGHT 231C-13 

(b) Eight sprinklers  when only one level is installed in 
racks with Class IV commodity.  

(c) Ten  sprinklers  (five on each two top levels) when 
more  than one level is installed in racks with Class I, l I ,  or  
I l l  commodity.  

(d) Four teen  sprinklers  (seven on each two top levels) 
when  more  than one level is installed in racks with Class IV 
commodity.  

6-8 C e i l i n g  S p r i n k l e r  Water  D e m a n d .  

6-8.1"~ Design curves in Figures 6-11.1(a) th rough  (g) 
apply to nomina l  20-ft (6. l -m)  height  of  storage. 

6-8.1.1 The  design curves indicate water d e m a n d s  for 
nomina l  165°F (74°C) and  nomina l  286°F (141°C) sprin-  
klers at the ceiling. The  165°F (74°C) design curves shall be 
used for sprinklers  with o rd ina ry  and  in te rmedia te  tem- 
pe ra tu re  classification but  not  less than  160°F (7 l°C). The  
286°F (141°C) design curve shall be used for sprinklers  
with high t empera tu re  classification. 

6-8 .2  For height  of storage up to and  inc lud ing  25 ft 
(7.62 m) protected with ceiling sprinklers  only, and  fbr 
height  of storage up to and  inc lud ing  20 ft (6.1 m) pro- 
tected with ceil ing spr inklers  and  m i n i m u m  acceptable 
in-rack sprinklers,  densities given in design curves shall be 
adjusted according to Figure 6-8.2. 

6-8 .3  For height  of storage over 20 ft (6.1 m) up to and  
inc luding  25 ft (7.62) protected with ceiling sprinklers  and  
m i n i m u m  acceptable in-rack sprinklers,  densities given in 
design curves shall be used. Densities shall no t  be adjusted 
per  Figure 6-8.2. 
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Figure 6-8.2 Ceiling Sprinkler Density versus Storage Height. 

Table 6-8.2 Adjustment to Ceiling Sprinkler Density for Storage 
Height and In-Rack Sprinklers 

Stge. 
Height 

(It) In-Rack Sprinklers 

Over 12 Ft 
Fhrough 25 Ft None 

Dyer 12 Ft 
Fhrough 20 Ft 

Over 20 Ft 
Fhrough 25 Ft 

Apply Permitted 
Fig. Ceiling Sprinklers 

6-8.2 Density Adjustments 

Yes N o n e  

Minimum 
Acceptable Yes None 

More than 
Minimum but Not 
In Every Tier. Yes 

In Every Tier Yes 

~lnln lOln  
Acceptable 

[~Iole Ill,in 
Minimur~l but  Not  
In Every Tier 

In Every Tier N{} 

Reduce Density 
2{)% h'om that'ti}r Miuinmn 
In-Rack Sprinklers 

Reduce Density 
40% fiom fllal for Minimun 
In-Rack Sprinklers 

No None 

Reduce Density 
20% fi-om thai fi}r Minimun 

No In-Rack Sprinklers 

P, educe l)ensitv 
40% from that'tot Mimmun 
In-Rack Sprinklers 

For SI Units: 1 ft = 0.3048 m 

6-8.4 For height  of storage up  to and  inc luding  20 fi 
(6.1 m) protected with ceiling sprinklers  and  with more  
than  one level of in-rack sprinklers,  bu t  not  in every tier, 
densities given in design curves and  adjusted according to 
Figure 6-8.2 shall be permi t ted  to be reduced an addi t ional  
20 percent .  

6-8 .5  For height  of  storage over 20 fi (6.1 m) up to and  
inc luding  25 ft (7.6 m) protected with ceiling sprinklers,  
and  with more  t han  the m i n i m u m  acceptable  level of 
in-rack sprinklers,  bu t  not  in every tier, densities given in 
design curves shall be permi t ted  to be reduced  20 percent.  
Densities shall not  be adjusted per  Figure 6-8.2. 

6-8 .6  For height  of storage up to and  inc luding  20 ft 
(6.1 m) protected with ceiling sprinklers  and  in-rack sprin- 
klers at each tier, densit ies given in design curves and  
adjusted according to Figure  6-8.2 shall be permi t ted  to be 
reduced  an addi t ional  40 percent .  

6-8.7 For height  of storage over 20 ft (6.1 m) up to and  
inc luding  25 ft (7.62 m) protected with ceiling sprinklers  
and  in-rack sprinklers  at each tier, densities given in design] 
curves shall be permi t ted  to be reduced 40 percent .  Densi- 
ties shall not  be adjusted per  Figure 6-8.2. 

6-8.8t  When  clearance from top of storage to ceiling is 
less than 41/2 fi (1.37 m) (see Section 4-5), the spr inkler  oper-  
at ing area indicated in curves E, F, G, and  H in Figures 
6-11.1(a), (b), (c), (d), and  (e) shall he permi t ted  to be 
reduced as indicated in Figure  6-8.8, bu t  no t  less than 
2,000 sq ft (185.8 m e) (see 6-8.9). 

6-8.9 When clearance from ceiling to top of Class I or  I1 
encapsula ted storage is 1I/2 to 3 ft (0.46 m to 0.91 m), 
spr inkler  opera t ing  area indicated in curve F only of Fig- 
ure  6-11.1(e) shall be permi t ted  to be reduced by 50 per- 
cent  but  to not  less than 2,000 sq ft (185.8 m"). 
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Figure 6-8.8 Adjustment of Design Area of Sprinkler Operation for 
Clearance from Top of Storage to Ceiling. 

6-8.10 Where solid flat bottom wood pallets are used, 
with height of storage up to and including 25 ft (7.62 m), 
the densities indicated in the design curves, based on con- 
ventional pallets, shall be increased 20 percent for the 
given area. This percentage shall be applied to the density 
r e s u l t i n g  from the appl icat ion of Figure 6-8.2. This 
increase shall not  apply when in-rack spr inklers  are 
installed. 

6-9 High Expansion Foam Submergence. 

6-9.1" When high expansion foam sy, stems are used with- 
out sprinklers, the maxunum submergence tnne shall be 5 
rain for Class I, II, or III commodities and 4 rain for Class 
IV commodities. 

6-9.2 When high expansion foam systems are used in 
combination with ceiling sprinklers, the maximum submer- 
gence time shall be-7 min for Class I, II, or I l I  commodi- 
ties and 5 min for Class IV commodities. 

6-10 High Expansion Foam Ceiling Sprinkler Density. 
When high expansion foam systems are used in combina- 
tion with ceiling sprinklers, the min imum ceiling sprinkler 
design shall be a density of 0.2 gpm per sq ft 
[(8.15 L/min)/m 2] for Class I, II, or III commodities or 
0.25 gpm per sq ft [(10.2 L/min)/m 2] for Class IV commod- 
ities for the most  hydrau l ica l ly  remote  2,000-sq ft 
(185.8-m 2) operating area. 

Part B D o u b l e  and  S ing le  R o w  Racks  
NOTE: See also Chapter 5. 

6-11 Ceiling Sprinkler Water Demand. 

6-11.1" For Class I, II, III,  or IV commodities encapsu- 
lated or nonencapsulated in single or double row racks, 
ceiling sprinkler water demand in terms of density (gpm 
per sq ft) and area of sprinkler operation (sq ft of ceiling or 
roof) shall be selected from curves given in Figures 
6-11.1(a) through (g). The curves in Figures 6-11.1(a) 
through (g) shall also apply to portable racks arranged in 
the same manner  as single or double row racks or multiple 
row racks. The design shall be sufficient to satisfy a single 
point on the appropriate curve related to the storage con- 
figuration and commodity class. It shall not be necessary to 
meet all points on the selected curve. Figure 6-8.2 shall be 
used to adjust density for storage height unless otherwise 
specified. 

6-11.2t Design curves for single and double row racks 
shall be selected corresponding to aisle width. For aisle 
widths between 4 ft (1.22 m) and 8 ft (2.44 m), a direct lin- 
ear interpolation between curves shall be made. Density 
given for 8-ft (2.44-m) wide aisles shall be applied to aisles 
wider than 8 ft (2.44 m). Density given for 4-ft (1.22-m) 
wide aisles shall be applied to aisles narrower than 4 ft 
(1.22 m) down to 31/2 ft (1.07 m). When aisles are narrower 
than 31/2 ft (1.07 m), racks shall be considered as multiple 
row racks. 

6-12 In-Rack Sprinkler Location. In single or double 
row racks without solid shelves, in-rack sprinklers shall be 
installed as indicated in Table 6-11. l. 

Part C Mul t ip le  R o w  Racks  

NOTE: See also Chapter 5. 

6-13 In-Rack Sprinkler Location. 

6-13.1t For encapsulated or nonencapsulated storage in 
multiple row racks no deeper than 16 ft (4.88 m) with aisles 
no narrower than 8 ft (2.44 m), in-rack sprinklers shall be 
installed as indicated in Table 6-13.1. 

6-13.2 For encapsulated or nonencapsulated storage in 
muhiple row racks deeper than 16 ft (4.88 m), or with 
aisles less than 8 fi (2.44 m) wide, in-rack sprinklers shall 
be installed as indicated in "Fable 6-13.2. 

6-13.3" Maximum horizontal spacing of sprinklers on 
branch lines, in multiple row racks with encapsulated 
or nonencapsulated storage up to and including 25 ft 
(7.62 m) in height, shall not exceed 12 ft (3.66 m) for Class 
I, II, or i l l  commodities and 8 ft (2.44 m) for Class IV 
commodities, with area limitations of 100 sq ft (9.29 m'-') 
per sprinkler for Class I, II, or II l  commodities and 80 sq 
ft (7.43 m 2) per sprinkler for Class IV commodities. The 
rack plan view shall be considered in determining area cox,- 
ered by each sprinkler. The aisles are not to be included in 
area calculations. 

6-13.4 A minimum of 6 in. (152.4 mm) shall be main- 
rained between the sprinkler deflector and top of a tier of 
storage. 
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Commodity 
Height Class 

Aisles 
(Ft) Sprinklers 

Encap- (4-4.1) Mandatory 
sulated (B-6-11.2) In-Rack 

No 

Yes 

N o  

II 
o Yes 
6",I 

~ No 

0 ~ I I I  
Yes 

N o  

IV 
Yes 

N o  

I 
Yes 

N o  

~2 1I 
zq Yes 5"q 

~ No 

© ~ l I l  
Yes 

N o  

IV 
Yes 

N o  

I 
Yes 

N o  

II 
m Yes 

--~ No 

0 ~ I I I  
Yes 

4 
8 
4 
8 
4 
8 
4 
8 
4 
8 
4 
8 
4 
8 
4 
8 
4 
8 
4 
8 
4 
8 

No 4 
8 

IV 
Yes 4 

8 

Fig. 
4 No 6-11.1(a) 
8 
4 No 6-11.1(e) 
8 
4 No 6-11.1(b) 
8 
4 No 6-11.1(e) 
8 
4 No 6-11.1(c) 
8 
4 1 Level 6-11.1 (f) 
8 
4 No 6-11.1(d) 
8 
4 1 Level 6-11.1(g) 
8 

No 6-11.1(a) 

For SI Units: 1 fi = 0.3048 m 

1 Level 6-11.1(e) 

No 6-1 1.1(b) 

1 Level 6-11.'1(e) 

No 6-11.1(c) 

1 Level 6-11.1 (f) 

No 6-11.1(d) 

1 Level 6-11.1(g) 

No 6-11.1(a) 

1 Level 6-11.1(e) 

No 6-11.1(b) 

4 1 Level 6-11.1 (e) 
8 
4 No 6-11.1(c) 
8 
4 1 Level 6-11.1 (t) 
8 

6-1 1.1(d) 

1 Level 

Ceiling Sprinkler Water Demand 
With In-Rack Sprinklers Without In-Rack 

Apply Fig. 
Curves 6-8.2 Fig. 

Sprinklers 
Apply Fig. 

Curves 6-8.2 
C&D 6-11.1(a) G&H Yes 
A&B E&F 
C&D 6-11.1(e) G&H Yes 
A&B E&F 
C&D 6-11.1(b) G&H Yes 
A&B E&F 
C&D 6-11.1(e) G&H -Yes 
A&B E&F 

Yes 
C&D 6-11.1(c) G&H Yes 
A&B ).~.~' E&F 
C&D ~ 
A&B ~ X ~ .  
C&D 6-11.1(d) G&H Yes 
A&B E&F 
C&D ~ X  
A&B ~ ~ . _  
C&D 6-11.1(a) G&H Yes 
A&B E&F 

C ~ D  ~ x  
A&B ~ ~ . _  
C&D 6-11.1(b) G&H Yes 
A&B E&F 
C&D ~ 

A&B No / ~  ~ -  
C&D 6-11.1(c) G&H Yes 
A&B E&F 
C&D ~ ~ 

X A&B ~ 
C&D 6-11.1(d)i G&H Yes 
A&B E&F 
C&D ~ 
A&B ~ ~ 
C&D 6-11.1(a) G&H Yes 
A&B E&F 
C&D ~ ~ -  
A&B . . /  
C&D 6-11.1(b) G&H Yes 
A&B E&F 
C&D ~ 
A&B ~ X 
C&D 6-11.1(c) G&H Yes 
A&B E&F 

A&B 

C&D X 
A&B 

6-11.1(g) C&DA&B J 

Table 6-11.1 Single or Double Row Racks. Height of Storage up to and Including 25 Ft, Aisles Wider than 4 Ft, without Solid Shelves. 
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2 3 1 C - 1 6  ~kCK STORAGE OF MATERIALS 

A B C D E  G F  H 
6 0 0 0 -  

I 

5 0 0 0 -  

4 0 0 0 -  

3 0 0 0 -  

2 0 0 0  

I 0 0 0  
OI 015 0.2 0.25 0 . 3  0.55 0 . 4  0 .45  

CEIL ING SPRINKLER D E N S I T Y -  G P M / F T  2 

C u r v e  L e g e n d  

A - -  Single o r  doable row racks 
with 8-ft aisles with 286°F 
ceili~g sprinklers and 165°F 
in-rack sprinklers. F - -  

B - -  Single or double row racks 
with 8-fi aisles with 165°F 
ceiling ~prinklers and 165°F G - -  
in-rack sprinklers. 

C - -  Single or double row racks 
with 4-ft aisles or multiple 
'row racks with 286°F ceil- 
ing sprinklers and 165°F 
in-rack ~pri~klers. 1 - -  

D - -  Single or double 'row racks 
with 4:ft aisles or mulhple 
row raek~ with 165°F ceil- J - 
ing sprinklers and 165°F 
in-rack sprinklers. 

C u r v e  L e g e n d  

E - -  Single or double 'row racks 
with 8-ft aisles and 286°F 
ceiling sprinklers. 
Single or double row racks 
with 8-ft aisles a~d 165°F 
ceiling sprinklers. 
Single or double row rack~ 
with 4-ft aisles and 286°F 
ceiling ~prinklers. 

H - -  Single or double row 'racks 
with 4-ft atsles and 165°F 
ceiliug sprinklers. 
Multiple row rocks with 
8-ft or wider aisles a.nd 
286°F ceiling sprinklers. 
Multiple row racks with 
8-ft or wider aisle~ and 
165°F ceiling sprinkler,s. 

F o r  S I  U n i t s :  1 f i  = 0 . 3 0 4 8  m ;  C = ~9 ( F - 3 2 ) ;  1 g p m / f i  ~ = 4 0 . 7 4 6  (I,/min)/m "~ 

F i g u r e  6 - 1 1 . 1 ( a )  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  - -  2 0 - F t  H i g h  R a c k  S t o r a g e  - -  C l a s s  I 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  - -  C o n v e n t i o n a l  P a l l e t s ,  
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- t 
9 

5 0 0 0  
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lll l L II I t Ill l, 
I~]I 
I | I I~1 I IXI 
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CEIL ING SPRINKLER D E N S I T Y -  G P M / F T  2 

For SI  U n i t s :  1 f t  = 0 . 3 0 4 8  m ;  C = rY9 ( F - 3 2 ) ;  1 g p m / f i "  = 4 0 . 7 4 6  ( L / m i n ) / m  2 

C u r v e  L e g e n d  

A - -  Si~gle or double row racks 
with 8-ft aisles with 286°F 
ceihng sprinklers and 165°F 
in-rack spri~klers. F - -  

B - -  Single or double row rocks 
with 8-ft azsle~ with 165°F 
ceiling spri~zklers and 165°F G - -  
in-rack ~prlnklers. 

C - -  Single or double row racks 
with 4-ft aisles or multiple 
row racks with 286°F ceil- 
ing sprinklers and 165°F 
in-rack sprinklers. I - -  

D - -  Single or double row racks 
with 4-ft aisles or multiple 
row racks wdh 165°F ceil- J - 
ing sprinklers and 165°F 
in-rack sprinklers. 

C u r v e  L e g e n d  

E - -  Single or double row racks 
with 8-ft aisles and 286°F 
ceiling sprinklers. 
Single or double row racks 
with 8-ft aisles and 165°F 
ceili~g sprinklers. 
Single or double row racks 
with 4-ft aisles and 286°F 
ceding sprinkler~. 

H - -  Sh~g[e or double row racks 
with 4-fi aisles and 165°F 
ceiling sprinklers. 
Multiple row racks with 
8-ft or wider aisles and 
286°F ceiling sprinklers. 
Muhlple row racks with 
8-ft or wzder aisles and 
165°F ceding sprinklers. 

F i g u r e  6 - 1 1 . 1 ( b )  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  - -  2 0 - F t  H i g h  R a c k  S t o r a g e  - -  C l a s s  I I  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  - -  C o n v e n t i o n a l  P a l l e t s .  

1 9 9 1  Ed i t ion  



FIRE P R O T E C T I O N  -- STORAGE UP T O  AND I N C L U D I N G  25 FEET (7.62 M) IN H E I G H T  2 3 1 C - 1 7  

6 0 0 0  

I 

5 0 0 0  

4000 

3 0 0 0  

S 

~ 0 0 0  

IOOO 
0.15 

A B C  D E F G  H 

0.2S 0.3 0.3,5 0 .4  0 .45 0.5 

CEILING SPRINKLER D E N S I T Y -  G P M / F T  z 

C u r v e  L e g e n d  

A - -  Si'ngle or double row racks 
with 8-ft aisles with 286°F 
ceiling sprinklers and 165°F 
in-rack sprinklers. F - -  

B - -  Single or double row racks 
with 8-fl aisles with 165°F 
ceiling sprinklers and 165°F G --  
in-rock sprinklers. 

C --  Single or double row racks 
with 4-ft aisles or multiple H 
row racks wzth 286°F ceil- 
ing sprinklers and 165°F 
in-rack sprbjklers. I 

D - -  Single or dabble row rocks 
with 4-fl aisles or multiple 
row racks with 165°F ceil- J - 
ing sprinklers and 165°F 
in-rack sprinklers. 

C u r v e  L e g e n d  

E - -  Single or double row racks 
with 85ft aisles and 286°F 
ceding sprinklers. 
Single or double row racks 
with 8-fl aisles and 165°F 
ceili~g sprinklers. 
Single or double row racks 
with 4-ft aisles and 286°F 
ceihng sprinklers. 
Single or double row racks 
with 4-ft ames and 165°F 
ceiling sprinklers. 
Multiple row racks with 
8-,[-/or wider aisles and 
286°F ceiling sprinklers. 
Multiple row rocks with 
8-ft or wider aisles and 
165°F ceihng spnnklers. 

For SI Units:  1 f t  = 0.3048 m; C = % (F-32); 1 gpm/f i  2 = 40.746 (L/rain)Ira ~" 

Figure 6-11.1(c) Sprinkler System Design Curves - -  20-Ft High Rack Storage - -  Glass III Nonencapsulated Commodit ies  - -  Conventional Pallets. 
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CEILING SPRINKLER D E N S I T Y -  G P M / F T  2 

C u r v e  L e g e n d  

,4 - -  Single or double row racks 
with 8-fi aisles with 286°F 
ceiling sprinklers and 165°F 
in-rack sprinklers. 

B - -  Single or double row racks 
with 8-fi aisles w~th 165°F 
cetling 3prinklers a'nd 165°F 
m-rack sprinklers. 

C - -  Single or double rozo racks 
with 4-fl aisles or multlple 
row racks wlth 286°F ced- 
ing sprinklers and 165°F, 
in-rack sprinklers. 

D - -  Single or double row racks 
with 4-,['/aisles or mulbple 
row racks with 165°F ceU- 
ing sprinklers and 165°F 
in-rock sprinklers. 

C u r v e  L e g e n d  

E - -  Si~gle or double row racks 
with 8-ft aisles and 286°F 
ceiling sprinklers. 

F - -  Si~gle or double row racks 
with 8-fl aisles and 165°F 
ceding sprinklers. 

C - -  Single or don.ble row racks 
with 4-ft aMes and 286°F 
ceiling .sprinklers. 

H - -  Szngle or double row racks 
with 4-ft ames and 165°F 
ceihng sprinklers. 

o Note: Curves  C and D also apply to ceil ing sprinklers  only for muh ip le  row racks tip to and inc lud ing  15 ft (4.2 m) high,  and Figure  6-8._ shall not  be applied.  

For SI Units:  1 ft = 0.3048 m; C = % (F-32): 1 gpm/ft  e = 40.746 (L/min)/m "~ 

Figure 6-11.1(d) Sprinkler System Design Curves --  2O-Ft High Rack Storage - -  Class IV Nonencapsulated Commodit ies  - -  Conventional Pallets. 

1991  E d i t i o n  



2 3 1 C - 1 8  P A C K  S T O R A G E  O F  M A T E R I A L S  

o,~ 6 0 0 0 ~  

5000 

o 

4000 

~ 3 0 o o  

2000 

1000 
0 15 0 2 0 25 

SI ~gle 
pc ~ ' 1 -  H 
d~ ;ign 

3 0.35 0.4 045 0,5 
Ceiling sprinkler density-GPM/FT ~ 

C u r v e  L e g e n d  

A - -  8-ft aisles with 286°F ceil- 
ing sprinklers and 165°F 
in-rack sprinklers. 

B - -  8-ft aisles with 165°F ceil- 
ing sprinklers and 165°F 
in-rack sprinklers. 

C - -  4-ft aisles with 286°F ceil- 
ing sprinklers and 165°F 
in-rack sprinklers. 

D - -  4-ft aisles with 165°F ceil- 
ing sprinklers and 165°F 
in-rack sprinklers. 

C u r v e  L e g e n d  

E 8-ft aisles with 286°F ceil- 
ing sprinklers. 

F - -  8-ft aisles with 165°F ceil- 
ing sprinklers. 

G - -  4-]'l aisles with 286°F ceil- 
ing sprinklers. 

H - -  4-fi aisles wtth 165°F ceil- 
ing sprinklers. 

F o r  S l  Un i t s :  1 ft = 0 . 3 0 4 8  m;  C = ~9 (F -32) ;  1 g p m / f t  "~ = 4 0 . 7 4 6  ( L / m i n ) / m  ~ 

Figure 6-11.1(e) Single or Double Row Racks - -  20-Ft High Rack Storage - -  Sprinkler System Design Curves - -  Class I & II Encapsulated 
Commodit ies  - -  Conventional Pallets. 
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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-ft aisles with 286°F ceil- C - -  4-fi aisles with 286°F ceil- 
ing sprinklers and 165°F ing sprinklers and 165°F • 
in-rack sprinklers, m-rack sprinkler.s. 

B - -  8-fl aisles with 165°F ceil- D - -  4-fi aMes with 165°[" ceil- 
ing sprinklers and 165°F ing sprinklers and 165°F 
in-rack sprinklers, in-rock sprinklers. 

F o r  SI  U n i t s :  1 t i  = 0 . 3 0 4 8  m;  C = 5/9 (F -32) :  I g p m / f i  2 = 4 0 . 7 4 6  ( L / m i n ) / m  2 

Figure 6-11.1(f) Single or Double Row Racks - -  20-Ft High Rack Storage - -  Sprinkler System Design Curves - -  Class III Encapsulated 
Commodit ies  - -  Conventional Pallets. 
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FIRE P R O T E C T I O N  - -  S T O R A G E  UP  T O  A N D  I N C L U D I N G  25 F E E T  (7.62 M) IN H E I G H T  231C-19 
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Curve Legend Curve Legend 

A --  8-ft aisles with 286°F ced- C - -  4-ft aisles with 286°F ceil- 
ing sprinklers and 165°F ing sprinklers and 165°F 
in-lack sprinklers, in-rack sprinklers. 

B - -  8-ft aisles with 165°F ceil- D - -  4-fl aisles with 165°F ceil- 
ing sprinklers attd 165°F ing sprinklers and 165°F 
in-rack sprinklers, zn-rack sprinklers. 

For SI Units:  I fi = 0.3048 m; C = rY9 (F-32); 1 g p m / f i  2 = 40.746 (L/min) /m" 

Figure 6-11.1(g) S ing le  or Double Row Racks  - -  20-Ft  H i g h  R a c k  S to rage  - -  S p r i n k l e r  S y s t e m  Design Curves -- Class IV Encapsulated 
Commodities -- Conventional Pallets. 

Commodity 
Height Class 

I 

O v e r  12 Ft 11 
Up  T h r u  

15 Ft I l l  

IV 

I 

O v e r  15 Ft 11 

I l l  

IV 

I 

O v e r  20 Ft I I  
Up  T h r u  

25 Ft I I I  

IV 

For  SI Units:  I ft = .3048 m 

Table 6-13.1 Mult ip le -Row Racks.  Rack Depth up to 16 Ft, Ais les  
Wider  than 8 Ft, Storage He ig h t  up to 25 Ft. 

Ceiling Sprinkler Water Demand 

Sprinklers 
Encap- Mandatory 
sulated In-Racks Fig. No. 

No 6-11.1(a) 

Yes 6-11.1 (a) 
No 

No 6-1 l . l (b)  

Yes 6-11.1(b) 

No No 6-11. l(c) 

Yes 1 Level  6-1 l . l (c )  

No No 6-11.1(d) 

, Yes 1 Level  6-11.1(d) 

No 6-1 l . l ( a )  

Yes 6-11.1 (a) 
No 

No 6-1 l . l (b)  

Yes 6-11.1 (b) 

No No 6-11.1(c) 

Yes 1 Level 6-11.1@) 

No 6-11.1(d) 
1 Level 

Yes 6-11.1 (d) 

No ' No 6-11.1(a) 

Yes I Level 6-11.1 (a) 

No 6-11.1(b) 

Yes 6-11.1(b) 
1 Level  

No 6-1 l . l (c )  

Yes 6-11. l(c) 

No 6-11.1(d) 
2 Levels  

Yes 6-11.1 (d) 

With In-Rack Sprinklers 
Apply Fig. 

Curves 6-8.2 1.25 x Density 
No 

Yes 

No 

C&D Yes 
Yes 

No 

Yes 

No 

A&B 1.50 x Densi ty  

No 

Yes 

No 

C&D Yes 
Yes 

.No 

Yes 

No 

A&B 1.50 x Densi ty  

No 

Yes 

No 

C&D Yes 
No 

No 

Yes 

No 

A&B 1.50 x Densi ty  

Without In-Rack Sprinklers 
Apply Fig.  

Fig. No. Curves 6-8.2 1.25 x~Density 

6-1 l ! l (a )  I&J Yes No 

6-1 l . l ( a )  l&J Yes 

6-1 l . l (b )  l&J No 
Yes 

6-1 l . l (b )  I&J Yes 

6-11.1(c) l&J Yes No 

6-11.1(d) C&D No . No 

6.1 l . l ( a )  I&J Yes , No 
6-11.1(a) I&J Yes 

6-11.1(b) l&J Yes No 

6-1 l . l (b )  l&J Yes 

6-11.1(c) l&J Yes ,.No 

6-1 1. l(a) l&J Yes No 

1 9 9 1  Ed i t i on  



2 3 1 C - 2 0  RACK STORAGE OF MATERIALS 

Table 6-13.2 Multiple-Row Racks. Rack Depth up to 16 Ft or Aisles 
Narrower than 8 Ft, Storage Height up to 25 Ft. 

Height 

l 

Over 12 Ft II 
Up Thru 

15 Ft IIl 

IV 

1 

Over 15 Ft I1 
Up Thru 

20 Ft II1 

IV 

I 

Over 20 Ft 11 
Up Thru 

25 Ft lII 

IV 

Ceiling Sprinkler Water Demand " - 

Sprinklers With In-Rack Sprinklers 
Commodity i Encap- I Mandatory Apply Fig. 

Class sulated In-Racks Fig. No. Curves 6-8.2 : 1.25 x Density Fig. No. Curves 
No 6-11.1(a) No 6-11.1(a) l&J 
Yes 6-11.1(a) Yes 6-ll.l(a) l&J 
No No 6-11.1(b) No 6-11.1(b) t&J 

Yes 6-11.1(b) C&D Yes Yes 6-11.1(b) I&J 
No 6-1 l.l(c) No 6-11.1(c) I&J 
Yes 1 Level 6-11.1(c) Yes 
No No 6-1 l.l(d) No 6-11.1(d) C&D 
Yes 1 Level 6-11.1(d) 1.50 x Density 
No 6-11.1 (a) No 
Yes 6-11.1 (a) Yes 
No 6-11.1(b) No 

6-11.1(b) Yes Yes 1 Level C&D Yes 
No 6- l 1.1 (c) No . , j  
Yes 6-11.1(c) Yes 
No 6-11.1(d) No 

/ Yes 6-1 l.l(d) 1.50 x Density 

No 6- / 1. l (a) No 
Yes 6-11.1(a) Yes 

No 1 Level 6-11.1(b) No 
Yes 6-11.1 (b) Yes 

C&D No 
No 6-11. l (c) ~ No 
Yes 6-11.1(c) Yes J 

No 2 Levels 6-11.1(d) No J 
Yes 6-11.1(d) 1.50 x Density • / 

For SI Units: 1 ft = .3048 m 

Without In-Rack Sprinklers 
Apply Fig. 

6-8.2 1.25 x Density 
No 

Yes 
Yes 
No 

Yes 
Yes 

Yes No 

No No 

X > 
X, 

6-14 Ce i l ing  Spr inkler  Water D e m a n d .  

6-14.1 For  n o n e n c a p s u l a t e d  Class I, I I ,  I I I ,  o r  IV com-  
modi t ies ,  cei l ing s p r i n k l e r  wa te r  d e m a n d  in t e r m s  of  d e n -  
sity ( g p m  p e r  sq ft) a n d  a rea  o f  s p r i n k l e r  o p e r a t i o n  (sq ft o f  
cei l ing or  roof)  shall  be  selected f r o m  curves  g iven  in Fig- 
u res  6-11.1(a)  t h r o u g h  (d). T h e  curves  in F igures  6- t  1.1(a) 
t h r o u g h  (d) also app ly  to po r t ab l e  racks a r r a n g e d  in the  
same  m a n n e r  as single,  doub le ,  or  mul t ip le  row racks.  T h e  
des ign  shall  be  sufficient  to satisfy a s ingle p o i n t  o n  the  
a p p r o p r i a t e  cu rve  r e l a t ed  to the  s to rage  c o n f i g u r a t i o n  a n d  
c o m m o d i t y  class. I t  shall  no t  be  necessa ry  to m e e t  all po in t s  
on  the  selected curve.  F igu re  6-8.2 sha.l[ be  u sed  to ad jus t  
dens i ty  for s to rage  h e i g h t  unless  o the rwise  specified.  (See 
A-6-5.1 and A-6-11.1.) 

6-14.2 For  e n c a p s u l a t e d  Class I, I I ,  o r  11I c o m m o d i t i e s  
with h e i g h t  o f  s to rage  u p  to a n d  i n c l u d i n g  25 ft (7.62 in) on  
mul t ip le  row racks,  cei l ing s p r i n k l e r  dens i ty  shall  be  25 
p e r c e n t  g r e a t e r  t h a n  for  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  
mul t ip le  row racks.  

C h a p t e r  7 F i r e  P r o t e c t i o n  - -  S t o r a g e  o v e r  25  F e e t  
(7 .62  m )  i n  H e i g h t  

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

7-1 I n - R a c k  Sprinkler  Type .  Spr ink l e r s  in racks shall  be  
o r d i n a r y  t e m p e r a t u r e  c lass i f icat ion wi th  n o m i n a l  1/2-in. 
(12 .7 -mm)  orif ice size, p e n d e n t  or  u p r i g h t .  Sp r ink l e r s  with  
212°F (100°C) a n d  286°F (141°C) t e m p e r a i u r e  r a t ings  shall  
be  used  n e a r  hea t  sources  as r e q u i r e d  in NFPA 13. 

7-2 In-Rack Spr inkler  Spac ing .  I n - r ack  sp r ink l e r s  shall  
be  s t a g g e r e d  ho r i zon ta l ly  a n d  vert ically w h e n  ins ta l led  as 
i nd ica t ed  in T a b l e  7-10.1, F igures  7-10.1(a) t h r o u g h  (j), 
a n d  F igures  7-10.3(a) t h r o u g h  (e). 

7-3 I n - R a c k  Sprinkler  P ipe  Size.  T h e  n u m b e r  of  sp r in -  
klers  a n d  the  p ipe  sizing o n  a l ine of  sp r ink l e r s  in racks  is 
r es t r i c ted  only  by hyd rau l i c  ca lcu la t ions  a n d  no t  by any  
p i p i n g  schedule .  

6 -14 .3  F o r  e n c a p s u l a t e d  Class  IV c o m m o d i t i e s  w i th  
h e i g h t  of  s to rage  u p  to a n d  i n c l u d i n g  25 ft (7.62 m) on  
mul t ip le  row racks,  cei l ing s p r i n k l e r  dens i ty  shall  be  50 
p e r c e n t  g r e a t e r  t h a n  for 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  
d o u b l e  row racks. 

7-4 I n - R a c k  Sprinkler  Water Shie lds .  W a t e r  shie lds  shall 
be  p r o v i d e d  d i rec t ly  above  in - r ack  sp r ink l e r s ,  or  l isted 
sp r ink l e r s  e q u i p p e d  with wa te r  shie lds  shall  be  p r o v i d e d  
w h e n  t h e r e  is m o r e  t h a n  o n e  level, if  no t  sh i e lded  by hor i -  
zonta l  b a r r i e r s  (see Appendix B-6-3). 
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FIRE PROTECTION -- STORAGE OVER 25 FEET (7.62 M) IN HEIGHT 231C-21 

7-5 In-Rack Sprinkler Location. In double row or  multi- 
[ pie row racks, a minimum 6 in. (152.4 ram) vertical clear 

space shall be maintained between the sprinkler  deflectors 
and the top of a tier of  storage. Face sprinklers in such 
racks shall be located a minimum of 3 in. (76.2 ram) from 
rack uprights and no more than 18 in. (0.46 m) from the 
aisle face of storage. Other  sprinklers in racks shall be 
located a minimum of  2 ft (0.61 m) from rack uprights.  

Exception: When the distance between uprights is less than 4 fi 
(1.22 m), sprinklers shall be centered between uprights. 

7-6 In-Rack Sprinkler Discharge Pressure. Sprinklers in 
racks shall discharge at not less than 30 psi (206.8 kPa) for 
all classes of commodity (see Appendix B-6-7). 

7-7 In-Rack Sprinkler Water Demand. 

7-7.1 Water demand  for sprinklers installed in racks shall 
be based on simultaneous operat ion of the most hydrauli-  

•cally remote: 

(a) Six sprinklers when only one level is installed in 
racks with Class I, II,  or II1 commodity.  

(b) Eight sprinklers when only one level is installed in 
racks with Class 1V commodity.  

(c) Ten sprinklers (five on each two top levels) when 
more than one level is installed in racks with Class I, II, or  
I I I  commodity.  

(d) Fourteen sprinklers (seven on each two top levels) 
when more than one level is installed in racks with Class IV 
commodity. 

7-8 High Expansion Foam Submergence. When high 
expansion foam systems are used for storage over 25 ft 
(7.62 m) high, up to and including 35 ft (10.67 m) high, 
they shall be used in combination with ceiling sprinklers. 
The maximum submergence time for the high expansion 
foam shall be 5 min for Class I, 1I, or l l I  commodities and 
4 min for Class IV commodities.  

7-9 High Expansion Foam--Ceil ing Sprinkler Water 
Demand. When high expansion toam is used in combina- 
tion with ceiling sprinklers, the sprinkler  design shall be 
0.2 gpm per  sq ft [(8.15 L/min)/me] for Class I, II, or I I I  
commodities and 0.25 gpm per  sq ft [(10.19 L/min)/m e] for 
Class IV commodities,  over the most hydraulically remote 
2,000-sq ft (185.8-m e) area. 

Part B Double  and Single  Row Racks 

7-10 In-Rack Sprinkler Location. 

7-10.1 In double row racks without solid shelves and with 
a maximum of  10 ft (3.05 m) between top of  storage and 
ceiling, in-rack sprinklers shall be installed as indicated in 
Table 7-10.1 and Figures 7-10.1(a) through (j). The high- 
est level of in-rack sprinklers shall be not more than 10 ft 
(3.05 m) below top of storage (see Section 7-11). 

7-10.2 In-rack sprinklers ior storage higher  than 25 ft 
(7.62 m) in double row racks shall be spaced horizontally 
aiad located in horizontal space nearest  the vertical 
intervals  ind ica ted  in Table  7-10.1, F igures  7-10.1(a) 
through (j). " 

7-10.3" In single row racks without solid shelves with 
height of storage over 25 it (7.62 m) and a maximnm of 10 
ft (3.05 m) between top of  storage and ceiling, sprink- 
lers shall be installed as ind ica ted : in  Figures 7-10.3(a) 
through (e). 

7-11" In-Rack Sprinkler Horizontal Barriers. Hori- 
zontal barriers  used in conjunction with in-rack sprinklers 
to impede vertical fire development  shall be constructed of  
sheet metal, wood, or sinfilar material and shall extend tim 
full length and width of the rack. Barriers shall be fitted 
within 2-in. (50.8-ram) horizontally a round  rack uprights 
[see Table 7-10.1, Figures 7-10.1(a), (g), and (]), and Figures 
7-10.3(c) and (e)]. 

7-12 Ceiling Sprinkler Water Demand. 

7-12.1t* Water  demand  fur nonencapsulated storage on 
racks without solid shelves separated by aisles at least 4-ft 
(1.22-m) wide and with not more  than 10 ft (3.05 m) 
between top of storage and sprinklers shall be based oil 
sprinklers in a 2,000 sq ft (185.8 m e) operat ing area, dis- 
cha rg ing  a m i n i m u m  of  0.25 gpm pe r  sq f t , [ (10 .18  
L/min)/m "~] for Class I commodities,  0.3 gpm p'er sq ft 
[(12.2 L/min)/m e] for Class I1 and I l l  commodities,  and 
0.35 gpm per  sq ft [(14.26 L/min)/m"] for Class IV com- 
modities, fi)r 165°F (74°C) sprinklers: or a minimum of  
0.35 gpm per  sq fi [(14.26 L/min)/m'-']for Class I commod- 
ities, 0.40 gpm per  sq ft [(16.3 L/min)/m e] for Class II and 
II I  commodities,  and 0.45 gpm per  sq ft [(18.3 L/min)/m'-'] 
for Class IV commodities,  for 286°F (141°C) sprinklers (see 
Table 7-10.1). 

7-12.2 Where storage as descrihed in 7-12.1 is encapsu- 
late& ceiling sprinkler  density shall be 25 percent  greater  
than for nonencapsulated.  
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2 3 1 C - 2 2  RACK STORAGE OF MATERIALS 

Table 7-10.1 Double-Row Racks without Solid Shelves, Storage 
Higher than 25 Ft, Aisles Wider than 4 Ft 

Commodity  
Class 

I ,  I I , &  I I I  

I ,  I I ,  I I I ,  
& IV 

In-rack sprinklers - -  approximate 
vertical spacing at tier nearest 
the vertical distance and m a x i m u m  
horizontal spacing o)t2) 

Longitudinal  
Flue TM 

Vertical 20 ft 
Hor izonta l  10 fi 
u n d e r  hor izonta l  
Barr ie rs  

Vertical 20 ft 
Hor izonta l  10 ft 

Vertical 10 ft 
o r  at 15 f t & 2 5  fi 
Hor izonta l  10 fi 

Face (4)(8) 

N o n e  

Vertical 20 fi 
Hor izonta l  10 ft 

N o n e  

Vertical 10 fi Vertical 30 ft 
Hor izonta l  10 ft Hor izonta l  10 ft 

Vertical 20 ft Vertical 20 ft 
Hor izonta l  10 ft Hor izonta l  5 ft 

Vertical 25 ft Vertical 25 ft 
Hor izonta l  5 ft Hor izonta l  5 ft 

Hor izon ta l  ba r r i e r s  at 20 ft. Vertical 
intervals-2 lines of  sj)r inklers 
u n d e r  b a r r i e r s - m a x l n m m  
hor izonta l  spac ing  10 it s taggered .  

Vertical 15 ft 
Hor izonta l  l0  ft 

Vertical 20 ft 
Hor izonta l  10 ft 

Vertical 20 ft Vertical 20 ft 
Hor izonta l  5 ft Hor izonta l  5 ft 

Hor izonta l  ba r r i e r s  at 15 ft. Vertical 
intervals-2 lines of  spr ink le r  
u n d e r  b a r r i e r s - m a x i m u m  
hor i zomal  spac ing  10 ft s t aggered  

Maximum Ceil ing 
Sprinkler 

No. Fig. Storage Stagger Operating 
Height  Area 

7-10.1(a) 30 ft No 

H ig h e r  than  
7-10.1(b) 25 ft Yes 

7-10.1(c) 30 ft Yes 

7-10.1(d) Yes 

7-10.1(e) Yes 

H i g h e r  t han  
%10.1(0  25 ft No 

7-10.1 (g) Yes 

7-10.1(h) Yes 

7-10.10) H i g h e r  t han  No 
25 ft 

7-10.10) Yes 

For SI Units: 1 fi = 0.3048 m 

2000 sq fi 

2000 sq ft 

2000 sq ft 

Ceil ing Sprinkler Density 
(gpm/sq ft) t6) 
Clearance ~5) 
U p  to 10 ft ~7) 

165 ° 286 ° 

0.25 0.35 

0.25 0.35 

0.30 0.40 

0.30 0.40 

0.30 0.40 

0.30 0.40 

0.30 0.40 

0.35 0.45 

0.35 0.45 

0.35 0.45 

Footnotes to Table 7-10.1 

'Minimum in-rack sprinkler pressure, 30 psi (9.1 bar/ (Section 7-6). 
"Water shields required (Section 6-3 and Section 7-4). 
qnstall sprinklers at least 2 ft (0.61 m) from uprights (A-6-4.1). 
4Install sprinklers at least 3 in. (76.2 ram) from uprights (Section 7-5). 
:'Clearance is distance between top of storage and ceiling. 

~;For encapsulated commodity, increase density 25 percent (7-12.1). 
7See A-7-10.3, A-7 11, and A-7-12.1 for protection suggestions when 
clearance is greater than 10 fi (3.05 m). 
~Face sprinklers are not mandatory for a Class I connnudity consisting of 
no~lcombustible products on wood pallets (without combustible containers) 
except for arrays shown in Figure 7-10.1 (g) and Figure 7-10. I (j). 

~.-~! 

r-lxM I-] 1-1 [~] F"-] _[~ [--.--] )arrier 

DN E3% 
l i d  CI r--! 
E3xD E3rq 
D D  rqD 

Figure 7-10.1(a) In-Rack Sprinkler Arrangement, Class I Commodity, 
Maximum Height of Storage 25 Ft (7.62 m) to 30 Ft (9.15 m). 

NOTES: 
1. Symbol X indicates in-rack sprinklers. 
2. Each square m tile figure represents a storage cube naeasuring 4 to 5 ft 
(1.25 to 1.56 m) on a side. 
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FIRE PROTECTION --  STORAGE OVER 25 FEET (7.62 M) IN H E I G H T  231C-23 

A A A 

fqE] 
sN 

X A 

C 
A X S E F---1 r'----I 

u u  
A X "W'f En ~ 

F1C1 u u  

Figure  7-10.1(b) In-Rack Spr inkler  Ar rangement ,  Class I Commodi ty ,  
H e i g h t  o f  S t o r a g e  o v e r  25 Ft (7 .62  m) .  

NOTES: 
1. Sprinklers labeled 1 (the selected ar ray  from Table 7-10.1) required when 
loads labeled A or B represent  top of  storage. 
2. Sprinklers labeled 1 and  2 requi red  when loads labeled C or D represent  
top of storage. 
3. Sprinklers labeled 1 and  3 required when loads labeled E or F represent  
top of storage. 
4. For storage h igher  than represented by loads labeled F, the cycle defined 
by notes 2 and  3 is repeated WITH STAGGER AS INDICATED. 
5. Symbols A or  X indicate sprinklers on vertical or  horizontal  stagger.  
6. Each square in the figure represents  a s torage cube measur ing  4 to 5 ft 
(1.25 to 1.56 m) on a side. 

l--],1"-I N F-I 
NC] ElF1 
D D  r-IN 
F%N DxD 8,D DxD 
NxF -] 1--11-1 

Figure  7-10.1(c) In-Rack Spr inkler  Ar rangement ,  Class I, II, or  III  Com- 
modity,  Max imum Heigh t  of  S t o r a g e  25 Ft (7.62 m) to 30 Ft (9.15 m). 

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

A X 

F-H-] 
A . ¢ X 

b@ 
A × 

DF] 
5 A A 

D D 

%~E DE] 
_ ,~_,-. [ ] [ ]  
~ ' -  L 2 x x X -. 

. - - ~_  E [ ] E l i  

' l i d  
I D D  
N D  

I x D D  
D D  

Figure  7-10.i(d) In-Rack Spr inkler  Ar rangemen t ,  Class I, II, o r  I I l  Com- 
modity,  He igh t  o f  Storage over 25 Ft (7.62 m). 

NOTES: 
1. Sprinklers labeled 1 required when loads labeled A represent  the top of  
storage. 
2. Sprinklers labeled 1 and  2 required when loads labeled B or C represent  
top of storage. 
3. Sprinklers labeled 1, 2, and  3 required when loads labeled D or  E repre-  
sent top of  storage. 
4. Sprinklers labeled 1, 2, 3, and  4 required when loads labeled F or  G rep- 
resent  top of storage. 
5. Sprinklers labeled 1, 2, 3, 4, and  5 requi red  when loads labeled H repre-  
sent 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 s tagger  as indicated. 
7. The  indicated face sprinklers may be omitted when commodi ty  consists 
of unwrapped  or  unpackaged  metal parts  on wood pallets. 
8. Symbols A or X indicate sprinklers on vertical or horizontal  stagger.  
9. Each square in the figure represents  a s torage cube measur ing  4 to 5 ft 
(1.25 to 1.56 m) on a side. 
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231C-24 RACK STORAGE OF MATERIALS 

Vlp-q 
D D  
X A X 

FqD 

 xN, FaF; 
X A  qs/ybxFi 

F-I~[--] '~ 

Ds PxN 
ELaa_V.ie~ 

Figure 7-10.1(e) In-Rack Sprinkler Arrangement,  Class I, II, or III Com- 
modity, Height  of  Storage over 25 Ft (7.62 m). 

NOTES: 
1. Sprinklers labeled 1 (the selected ar ray  from Table 7-10.1) required when 
loads labeled A or  B represent  top of  storage. 
2. Sprinklers labeled 1 and  2 required when loads labeled C or  D represent  
top of storage. 
3. Sprinklers labeled 1 and  3 required when 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 s tagger  as indicated. 
5. Symbols A or  X indicate sprinklers on vertical or borizontal stagger. 
6. Each square in the figure represents  a s torage cube measur ing  4 to 5 t~ 
(1.25 to 1.56 m) on a side. 

EB@ 
g]g] 
X X X 

FqF~ 
X X X 

DF~ 
DE] 

X 
X X 

r - ]x~  ~ 1 ~ ½  

~ x ~  ,~ I N N  
xU t-~xS ~ r--~ r-7 
I '--]xF-1 / a L_J L_J 
xL_~ L_~7 s 
F--]xF-] I--I I--I 
DxFfi N 
x x F - I N  

4 

3 

2 

Figure 7-10.1(f) In-Rack Sprinkler Arrangement,  Class I, II, or III Com- 
modity, Height  of  Storage over 25 Ft (7.62 m). 

NOTES: 
1. Sprinklers labeled 1 (the selected a r ray  from Table 7-10.1) requi red  when 
loads labeled A or  B represent  top of storage. 
2. Sprinklers labeled 1 and  2 requi red  when loads labeled C or D represent  
top of  storage. 
3. Sprinklers labeled 1 and  3 required when loads labeled E represent  top 
of storage. 
4. Sprinklers labeled 1 and  4 required when loads labeled F or G represent  
top of storage. 
5. For storage h igher  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 s torage cube measur ing  4 to 5 fi 
(1.25 to 1.56 m) on a side. 

L 
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FIRE PROTECTION -- STORAGE OVER 25 FEET (7.62 M) 1N H E I G H T  231C-25 

O 

I - I~r- I  
X O 

[--1 I-I F 
0 X A 

V-1D ~ P 

fqrq  
r q D  

X rrier 'r> r4 

fqrq  
x o~ g l ~  

q r-I 
[ - - -1o1-1"~ rq  [ 3  
x O S I I 

fqr-q [Tr-q 
O X 

I--I r- I  ' 

Figure 7-10.1(g) In-Rack Sprinkler Arrangement,  Class I, II, or I l l  Com- 
modity, Height  of  Storage over 25 Ft (7.62 m). 

NOTES: L 

1. Sprinklers labeled I (the selected array fi'om Table 7-10.1) required when 
loads labeled A or B represent top of storage. 
2. Sprinklers labeled 1 and 2 required when loads labeled C or D represent 
top of storage. 
3. Sprinklers labeled 1 and 3 required when loads labeled E or F represent 
top of storage. 
4. For storage higher than represented by luads labeled F, the cycle detined 
b} notes 2 and 3 is repeated. 
5. Symbols O, A, or X indicate sprinklers on vertical or horizontal stagger. 

1 6. Each square in the figure represents a storage cube measuring 4 to 5 ft 
(I.25 tu 1.56 m) on a side. 

NOTES to Figure 7-10.1(h): 
1. Sprinklers labeled 1 (the selected array from Table 7-10.1) requn'ed when 
loads labeled A or B represent top of sturage. 
2. Sprinklers labeled 1 and 2 required when loads labeled C or D represent 
top of storage. 
3. Sprinklers labeled 1, 2, and 3 required when loads labeled E ~w F repre- 
sent top of storage. 
4. Sprinklers labeled 1, 2, 3. and 4 required when loads labeled G represent 
top of storage. 
5. Sprinklers labeled 1, 2, 3, 4, and 5 required when loads labeled I-! repre- 
sent top of storage. 
6. Sprinklers labeled 1, 2, 3, 4. and 6 (not 5) required when loads labeled 1 
or J represent top of slorage. 
7. Sprinklers labeled 1, 2, 3, 4, 6, and 7 required when loads labeled K rep- 
resent top of slorage. 
8. Sprinklers labeled 1, 2, 3, 4, 6, and 8 requu'ed when loads labeled L rep- 
resent top of storage. 
9. Sprinklers labeled 1. 9 3, 4, 6, 8. and 9 required when 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. Svmbnls O, X, &, indicate sprinklers on vertical or horizontal stagger 
12. Each square in the figure represents a storage cube measuring 4 lo 5 ft 
(1.25 to 1.56 m) on a side. 

Figure 7-10.1(h) 

F q ½  
D ~ q  

 qr4 9 
X 8 

, . .  -, I Z I  x l Z ]  , 

D F q  

0 O p [ - ~  I G I  

I - - 1 4 - - 1  ~ ' - " - '  

I ' -qx l - - I  L L.=J L.:_~ 
l . m j  L._.j ~.... t. ~ 4 

° ° V I ~  

N ½  

N ½  

X ! 

Flr-I 
F1F1 

In-Rack Sprinkler Arrangement,  Class I, II, III, or IV 
Commodity,  Height  of  Storage over 25 Ft (7.62 m). 
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¢ L2_1×1.2_1 
I I L_J 
x 

hx@ 

Figure 7-10.1(i) In-Rack Sprinkler Arrangement, Class I, II, III, or IV 
Commodity, Height of  Storage over 25 Ft (7.62 m). 

NOTES: 
1. Spnnklers labeled 1 (the selected array fi-om Table 7 10. I) required wben 
loads labeled A or B represent top of storage. 
2. Sprinklers labeled 1 and _.2 required when loads labeled C or D represent 
top of storage. 
3. Sprinklers labeled 1 and 3 required when 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 lace and in rack sprinklers. 
I 6. Each square in the figure represents a storage cube measuring 4 to 5 tt 

(1.25 to 1.56 m) on a side. 

E]f  

x .A  

g A 

Figure 7-10.1(j) In-Rack Sprinkler Arrangement, Class I, II, III, or IV 
Commodity. Height of Storage over 25 Ft (7.62 m). 

NOTES: 
1. Sprinklers and barrier labeled 1 (the selected array fl-om Table 7-10.1) 
required when loads labeled A or B represent top of storage. 
_.2. Sprinklers labeled 1 and 2 and barrier labeled 1 required when loads 
labeled C represent top of storage. 
3. Sprinklers and barriers labeled 1 and 3 required when loads labeled 1) or 
E represent lop of storage. 
4. For storage higher than represemed b;~ loads labeled E, the cycle detincd 
by notes 9 and 3 is repeated. 
5. Symbols A or X indicate sprinkl~ers on vertical or horizontal stagger 
6. Symbol O in&cares hmgitudinal flue space sprinklers. 
7. Each square in the figure represents a storage cube measuring 4 to 5 fi 
(1.25 m 1.56 m) on a side. 
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FIRE P R O T E C T I O N  --  STORAGE OVER 25 FEET (7.62 M) IN H E I G H T  2 3 1 C - 2 7  

× 

/x 

× 

A 

X @ 

[3 
x 

D 
N 

A 

M 
x 

[3 
£3 
[3 × 

N 
D 

Figure 7-10.3(a) Class I, II, III, or IV. In-Rack Sprinkler Arrangement,  
Single Row Racks, Height  of  Storage over 25 Ft (7.62 m). 

NOTES:  
1. For all s torage  heights,  install spr inklers  in every  o the r  tier and  s tagger  
as indicated.  
2. Symbols ~ or  X indicate sprinklers  on vertical or  hor izontal  s tagger .  
3. Each square  in the f igure represen ts  a s torage cube m e a s u r i n g  4 to 5 ft 
(1.25 to 1.56 m) on a side. 

[3 

DD 

~ D  
D 

Figure 7-10.3(b) Class I, II, or III Commodity.  

NOTE:  
1. Each square  in the f igure represen ts  a s torage  cube m e a s u r i n g  4 to-5 ft 
(1.25 to 1.56 m) on a side. 
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231C-28 RACK STORAGE OF MNF~2RIALS 

D 
Q 

Figure 7-10.3(e) Class I, II, or III Commodity. 

NOTE:  
I 1. Each square  m the f igure represen ts  a s torage cube m e a s u r i n g  4 to 5 fi 

(1.25 to 1.56 m) on  a side. 

Fq 
[~ - [7  

[] 
[ [3 

~ D  
E2 

Figure 7-10.3(d) Class I, II, III, or IV Commodity. 

NOTE:  
1. Each square  in the f igure r ep resen t s  a s torage  cube m e a s u r i n g  4 to 5 tt 
(1.25 to 1.56 m) on a side. 
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HRE PROTECTION -- STORAGE OVER 25 FEET (7.62 M) IN HEIGHT 2 3 1 C - 2 9  

~ .  [-----] 

77 

Figure 7-10.3(e) Class I, II, III, or IV Commodity. 

NOTE: 
I 1. Each square in the figure represents a storage cube measuring 4 to 5 ft 

(1.25 to 1.56 m) on a side. • 

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

7-13"  I n - R a c k  Sprinkler  Location.  In  m u h i p l e  row racks 
with a m a x i m u m  of  10 ft (3.05 m) b e t w e e n  top  of  s torage  
a n d  ceiling, in- rack  sp r ink l e r s  shall  be  ins ta l led as ind ica ted  
in F igures  7-13(a), (b), a n d  (c). T h e  h ighes t  level of  in - rack  
sp r ink le r s  shall  be  no t  m o r e  t h a n  10 ft (3.05 m) below 
m a x i m u m  h e i g h t  of  s to rage  for Class I, II ,  o r  I l l  c o m m o d -  
ities or  5 ft (1.52 m) below top  of  s to rage  for  Class IV com- 
modi t i es  (see 7}zble 7-13).  

7-14 In-Rack Sprinkler  Spacing.  M a x i m u m  h o r i z o n t a l  
spac ing  o f  sp r ink le r s  in mu l t ip l e  row ra~ks with s to rage  
h i g h e r  t h a n  25 ft (7.62 m) shall  be  in a c c o r d a n c e  with Fig- 
u res  7-13(a), (b), a n d  (c). 

7-15 Ce i l ing  Sprinkler  Water Demand.  

7-15. I  W a t e r  d e m a n d  fi)r n o n e n c a p s u l a t e d  s to rage  on  
racks w i thou t  solid shelves s e p a r a t e d  by aisles at  least  4 ft 
(1.22 m) wide  a n d  wi th  no t  m o r e  t h a n  10 ft (3.05 m) 
be tween  top  of  s to rage  a n d  sprinl~lers shall be based  on  
sp r ink le r s  in a 2,000-sq ft (185.8-m'-') o p e r a t i n g  a rea  for 
m u h i p l e  row racks,  d i s c h a r g i n g  a m i n i m u m  of  0.25 g p m  
p e r  sq ft [(10.19 L/min)/m'-'] fi)r Class I commodi t i e s ,  
0.3 g p m  p e r  sq ft [(12.2 L /min ) /m  2] for Class I1 a n d  I I I  
commodi t i e s ,  a n d  0.35 g p m  p e r  sq ft [(14.26 L/min) /m ~] for 
Class IV commodi t i e s ,  for 165°F (74°C) spr ink le rs ;  or  a 
m i n i m u m  of  0.35 g p m  p e r  sq ft [(14.26 L /min) /m 2] for 
Class I commodi t i e s ,  0.40 g p m  p e r  sq fi [(16.8 L/min)/m='] 
for Class II  a n d  I I I  commodi t i e s ,  a n d  0.45 g p m  p e r  sq fi 
[(18.3 L / m i n ) / m  2] for  Class IV c o m m o d i t i e s ,  fi)r 286°F 
(141°C) sp r ink le r s  (see Table 7-13).  

7-15.2 W h e r e  such s to rage  is encapsu l a t ed ,  cei l ing spr in-  
kler  dens i ty  shall be  25 p e r c e n t  g r e a t e r  t h a n  for n o n e n c a p -  
sula ted.  

2ommodity Encap- 
=lass sulated 

No 
I 

Yes 
No 

I, II, &I l l  
Yes 

I, II, III, No 
&IV Yes 

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

Approximate 
Vertical 
Spacing fit) 

In-Rack Sprinklers m 

Maximum 
Horizontal 
Spacing 
Across Flue 
fit) 

Maximum 
Horizontal 
Spacing 
In a Flue 
fit) 

20 12 10 

15 10 10 

10 10 10 

Height 
Limit (ft) 

None 

Stagger Fig. No. 

7.13(a) 

Between 
adjacent 7-13(b) 
flues 

7.13(c) 

Maximum 
Spacing 
from Top 
of Storage Ceiling 
to Highest  Sprinkler 
In-Rack Operating 
Sprinklers Area 
(It) (ft ~) 

I0 

10 2000 

5 

Ceiling Sprinkler~, 
Density (gpm/ft 2) 

165 o 286 ° 
Rating Rating 

.25 .35 

.31 .44 

.30 .40 

.37 .50 

.35 .45 

.44 .56 

'All fimr rack laces should be protected by sprinklers located within 18 in. of the taces, as indicated in Figs. 7-13(aL (b). and (c). It is not necessary' fi)r each 
sprinkler level to protect all faces (.~ee A-7-13). 

For SI Units: I fi = 0.3048 m; C = ~,.~ (F-32); 1 gpm/ft-' = 40.746 (L/mln)/m" 

1991 Edition 



23IC-30 RACK STORAGE OF MATERIALS 

Loadin( aisle 

~ A Z~ 

× X 

~ ~ I A H 

W × 

Loadin aisle 

/ - -  Maximum 
I ~  _1 10 ft between 
- -  ~ sprinklers 

½ 
Face sprinklers / [ ~  

FaN ~ E] IslB 
A" A A A 

~ N N N N ~  
~fN ~f3 N D 

%cs scstsrac  

l , 

Maximum 
12 ft between 
sprinklers 

t 

Maximun 10 ft 
between sprinklers 
and top of storage 

3 ~' ..... 

I--1 I-I I-I IZl I--I CI ~ 
X × X I 

c]r--1 DT1 ~ D ~ l 
N D N M N N S  ~x,~o~o~ 

r - - ]  [ - 7  [ ~  F - ]  [--7 [~  ab~n~V~°nsprinklers 

~ F I D C ] E ] N D  1 
Loading Aisle Elevation 

Figure 7-13(a) In-Rack Sprinkler Arrangement --  Multiple Row Racks, Class I Commodity.  Height  of  Storage over 25 Ft. 

For SI Units: 1 ft = 0,3048 m 

NOTES:  
1. Sprinklers  labeled 1 requ i red  if loads labeled A r ep re sen t  top of  storage.  
2. Sprinklers  labeled 1 and  "2 r equ i red  if loads labeled B or  C rep resen t  top 
o f  storage.  
3. Sprinklers  labeled 1 and  3 requ i red  if loads labeled 'D or  E r ep re sen t  top 
of  storage.  

4. For s torage h ighe r  than  r ep re sen t ed  by loads labeled E, the cycle def ined 
by notes 2 and  3 is r epea ted ,  with s tagger  as indicated.  
5. Symbols A or  X indicate sprinklers  on vertical or  hor izontal  stagger• 

I 6. Each square  m the f igure represen ts  a s torage cube m e a s u r i n g  4 to 5 it 
(1.25 to 1.56 m) on a side. 
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FIRE PROTECTION -- STORAGE OVER 25 FEET (7.62 M) IN H E I G H T  231C-31 

Face sprinklers 

h, - -  i - -  r__ 
x 

A 

X 

× 

Loading aisle 
/x t~ 

X x 
A A 

× x 
lx A 

_ _ _  

× ~ 

Loading aisle 

i 
i Maximum 

10 ft 
between sprinkers 

1 

_.._._Maximum 

10 ft --~'-'' '~ 
s%%e;ns 

N D O D D E 3 0  1 Maximum 10 ft 
between sprinklers 

~ O O O / ~ O  [~'] 0 andtopofstorage 

,~ ~ ,~ • 2 

D D D D D D 0  
D D D D D D 0  
0~0 o xo o xo 0 ' f 

Maximum 15 ft 
O O O O O O 0 r=bend'f'eeonrSprinklers 

oooooo0 1 
Loadino Aisle Elevation 

Figure 7-13(b) In-Rack Sprinkler Arrangement  -- Multiple Row Racks, Class I, I I ,  or I I I  Commodity. Height  of Storage over 25 Ft. 

ForSI  Units 1 ft = 0 .3048m 

NOTES: 
1. Sprinklers labeled l and 2 required if loads labeled A represent top of 
storage. 
2. Sprinklers labeled 1 and 3 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 1 and 2 is repeated, with stagger as indicated. 
4. Symbols A or X indicate sprinklers on vertical or horizontal stagger. 
5. Each square in the figure represents a storage cube measuring 4 to 5 ft 
(1.25 to 1.56 m) on a side. 
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231C-32 RACK STORAGE OF MATERIALS 

Loadin 

Loading aisle 

aisle 

- , , , , , , - - - - 4  ~ 

X 

& 

X 
- - - I  - -  

& 

I x  

Maximum 
10 ft 

' between sprinklers 

f 

Maximum ~ lOft 
I e-.-- between 

sprinklers 

NO0½0½0 
Z xo oxo l--IXl-q 0 

X X X 

J - , - ,  r--I I-1 r-I 1-1 E 

Face sprinkler r . .~ O O O O 0 

-X X X 

00½0000 
O0000FO0 

4 t 
Maximum 5 ft 

3 between sprinklers 
and top of storage 

2 

Maximum 10 ft 
between sprinklers 
and floor 

Leadino Aisle Elevation f 

Figure 7-13(c) In-Rack Sprinkler Arrangement,  Class I, I I ,  I I I  & IV Commodity, Multiple Row Racks. Height  of Storage over 25 Ft. 

Fur SI Units: 1 ft = 0.3048 m 

NOTES: 
I. Sprinklers labeled 1, 2, and 3 required if loads labeled A represent top of 
storage. 
2. Sprinklers labeled 1,2, and 4 required if loads labeled B 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. Symbols A or X indicate sprinklers on vertical or horizontal stagger. 

J 5. Each square in the tigure represents a storage cube Ineasuring 4 to 5 ft 
(1.25 to 1.56 m) on a side. 
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eLASTICS 231C-33 

Chapter  8* P l a s t i c s  

8-1t General. 

8-1.1 Plastics in corrugated cartons shall be protected as 
indicated by Figure 8-1.1. This decision tree shall also be 
used to determine protection for commodities that are not 
wholly Group A plastics but  contain such quantities and 
arrangement  of the same that they are deemed more haz- 
ardous than Class IV commodities. 

8-1.2 Group B plastics and free-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 III  commodities. 

8-1.4t Ceiling sprinklers shall be large orifice [)7/32 in. 
(13.5 mm)] and ordinary to high tempera ture  rated. 

Exception No. I: Large-drop sprinklers as indicated in Chapter 9. 

Exception No. 2: ESFR sprinklers as indicated in Chapter 10. 

Exception No. 3: For densities of 0.30 gpm/sq fl 
[(12,2 L/mbO/m 2] or less, one-half-in. (12.7-ram) orifice sprin- 
klers shall be permitted. 

Exception No. 4: High temperature sprinklers shall be used 
where required by NFPA 13, Standard for the hzstallation of 
Sprinkler Systems. 

8-1.5 In-Rack Sprinklers. 

8-1.5.1 In-Rack Sprinkler Classification. Sprinklers in 
racks shall be ordinary  tempera ture  classification, except 
higher  tempera ture  sprinklers shall be used as specified in 
N FPA 13, Standard for the Installation of Sprinkler Systems. 

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

8-1.5.3 In-Rack Storage Water Shields.  If  in-rack sprin- 
klers are not shielded by horizontal  barriers,  water shields 
shall be provided above the sprinklers,  or listed sprinklers 
equipped with water shields shall be used. 

] 8-1.5.4 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  I n - R a c k  S p r i n k l e r  Water  D e m a n d .  W a t e r  
demand  for sprinklers installed in racks shall be based on 
simultaneous op~#htion of the most hydraulically remote: 

(a) Eight sprinklers when only one level is installed in 
racks. 

(b) Fourteen sprinklers (seven on each top two levels) 
when 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 Multi-Row Racks --  Storage up 
to and Including 25 ft (7.6 m) --  Clearances up to and 
Including 10 ft (3 m). 

8-2.1 Ceil ing Sprinkler Water Demand.  For Group A 
plastic commodities in cartons, encapsulated or nonencap- 
sulated in single, double,  and nmlt i-row racks, ceiling 
sprinkler water demand in terms of  density (gpm/ft e) and 
area of operat ion (It ~) shall be selected from Figures 8-2 (a) 
through (i). Linear interpolat ion of  design densities and 
areas of  application shall be permit ted  between storage 
heights with the same clearances. No interpolat ion between 
clearances shall be permit ted.  

PLASTICS 

GROUP A GROUP B 
Class IV 

I 
GROUP C 
Class Ill 

[ 
CARTONED EXPOSED 

Outside the Scope 
of NFPA231C 

EXPANDED OR 
NONEXPANDED 

I 
STABLE 
Tables 8-2.1 
and 8-3.1 

I 
FREE-FLOWING 
Class IV 

Figure 8-1.1 Decision Tree, 
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231C-34 RACK STORAGE OF MATERIALS 

Strategies for Protection Rack Storage of Plastics Single Row, Double Row, & Multiple Row Rack 
Configurations Unexposed (Expanded and Unexpanded) 

Group A Plastics 

15 Foot Storage 
< 5 Foot Clearance 

15 Foot Storage 
5 to 10 Foot Clearance 

.45/2000 ceiling 

See 8-2.1.1 
and 8-2.1.3 

.30/2000 ceiling 

See Note 2 
and Figure 8-2(g) 

.60/4000 ceiling 

see 8-2.1.2, 
8-2.1.2 , 8-2.1.4 

.30/2000 ceiling 

See Note 2 
and figure 8-2(h) 

//////11111 

r-qc  
0 FqC] 

IIII//111// I I I I I I I I I I I  

0 

I I I I I I I I I I I  
Figure 8-2(a). Figure 8-2(b). 

,; ..~ 
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Pb%STICS 231 C - 3 5  

20 FOOT STORAGE 
< 5 FOOT C L E A R A N C E  

.60/4000 ceiling 
See 8-2.1.2, 8-2.1.2 
and 8-2.1.4 

[ i ] [3 
~ D  
D ~  

~ N  
I I I I I I I I I I I  

.45/2000 ceiling 
See Note 2 
and figure 8-2(h) 

O 
N ~  

I I I I I I I I I I I  
Figure 8-2(c). 

.30/2000 ceiling 
See Note 3 
and figure 8-2(i) 

D D  
D D  

I I I I I I I I I I I  

.45/2000 ceiling 

See Note 2 
and figure 8-2(h) 

O 
D N  
N ~  

/ / / / / / / / I / I  

20 FOOT STORAGE 
5 to 10 FOOT C L E A R A N C E  

(See Note 5) 

.30/2000 ceiling 

See Note 4 
and figure 8-2(j) 

O 

X 

.30/2000 ceiling 

See Note 4 
and figure 8-2(j) 

D ~  
O 

N ~  
X 

NC~ 
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(d). 

.30/2000 ceiling 

See Note 3 
and figure 8-2(i) 

~ D  
O 

D ~  

I I I I I I I I I I I  
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2 3 1 C - 3 6  RACK STORAGE OF MATERIALS 

25 FOOT STORAGE 
< 5 FOOT CLEARANCE 

(See Note 5) 

.45/2000 ceiling 

See Note 3 
and figure 8-2(i) 

~ F q  
[] 

~ r - I  

I I I I I I I I I I I  

.30/2000 ceiling 

See Note 4 
and figure 8-2(j) 

0 

~ E q  
X 

I I I I I I I I I I I  
Figure 8-2(e). 

25 FOOT STORAGE 
5 to 10 FOOT CLEARANCE 

(See Note 5) 

.30/2000 ceiling 

See Note 4 
and figure 8-2(j) 

~-I [ -  
0 

F-- I - -  

E - I -  
x 

F -  I - -  

L_ [ 

/ / , /q/ I / I /  
Figure 8-2(~. 

One Level of In Rack Sprinklers--  Plan View 
Ordinary Spacing - See Note 2 

SINGLE ROW RACK STORAGE 

DOUBLE ROW RACK sToR:~E 

-1 I~ ~ I-1 I~ I-1 I-1 F 
0 0 0 0 

_q 0 l-1F-I rq I-I i-q I- 

MULTI-ROW RACK STORAGE 

~____X-- 
i 

× 

X 

× 

L_ 
X 

u 

I 

_ _  ~ L___ 

h 

- -  m 

Figure 8-2(g). 

i Maximum 
8 Ft 
Between 
Sprinklers 
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PLAS|'|CS 2 3 1 C - 3 7  

One Level of In Rack Sprinklers--Plan View 
Close Spacing--See Note 3 

SINGLE ROW RACK STORAGE MULTI-ROW RACK STORAGE 

DOUBLE ROW RACK STORAGE 

m I 

X 

3E3£3£3E3 E313 C 

X 

- -  u 

K 

Figure 8-2(h). 

- -  - -  m 

X - -  ~ X  m 

7x - -  
- - J  ] ~  - -  _ _  

m 

X 
X 

X 
X 

i__ 

' l Maximum 
~8 Ft 
] Between 
Sprinklers 

Two Levels of In Rack Sprinklers - Plan View 
Ordinary Spacing - See Note 4 

SINGLE ROW RACK STORAGE 

 l-]xl-iolDl-lol-lxl--]o E 

DOUBLE ROW RACK STORAGE 
Y 

- -  
3E3QI E3E]E3E _: 

MULTI-ROW RACK STORAGE 
LOADING AISLE 

V l 

/% ,'% cx 

X 
!-, L-, 

LOADING AISLE 

X 
/% 

X _ _ j  

X 

PLAN VIEW 

Figure 8-2(i). 

-- Maximum 
8 Ft 

"-' Between ~. S_~klers 

Notes to F igures  8-2(;0 - -  8-20): 
I. Each square  in tile fi,~ures r ep resen t s  a s to rage  cube m e a s u r i n g  4 to 5 it (1.25 to 1.56 m) ~m a side. 
2. Single  level ot m- rack  spr ink le r s  (Y2 or  ]7/.~ in. o p e r a t i n g  at 15 pM n f i n i n m m )  installed on 8- t~, 10-fi (2.7,- to 3. I2 -m)  s p a d n / s  Iocaled, as lndicaled,  in the  
IIilllSVeI-se flue hpilceb. 
3. Single level o f  in-rack spr ink le r s  (17/:;2 in. o p e r a t i n g  at 15 psi illil~]i]]Ul]l o1 l/~ I11. o p e r a t i n g  at 30 psi m i n i m u m )  in~talled on ,t Io 5-Jr (1.25- m 1.56 m) spat -  
ings located, as indicated,  in the  longi tudinal  flue space at the  lnlersect ion of  every  t ransxerse  flue space.  
-t. l w o  levels o f  inIraCk sp r ink le red  (~/~ m 17/:~,_, m. o p e r a t i n g  al 15 psi m i n i m u m )  installed on 8- to 10-h (2.5- m 3 12-m) s p a d n g s  located a~ md l ( a t ed  and  
s t agge red  in the t r ansver se  flue spaces. 
5. Ced ing  only protect ion is not  a~_ccptable for tiffs s torage  conf igura t ton .  

1991 Edition 



231C-38  RACK S T O R A G E  O F  M A T E R I A L S  

Table 8-2.1 Single and Double Row Racks with 8-Ft Aisles, 
Height of Storage up through 25 Ft -- 165°F Sprinklers. 

Ceiling In-Rack 
Storage Height (ft)/ Density (gpm/ft2)/ Sprinklers Needed 
Clearance (ft) Area of Application (ft ~) (Note 2) 

15/3 0.45/2000 (Note 1) None 
0.30/2000 (Note 3) 1 Level 

15/10 0.60/3000 None 
0.30/2000 (Note 3) 1 Level 

20/3 0.60/3000 None 
0.45/2000 1 Level 

20/10 or 25/3 0.45/2000 1 Level 
0.30/2000 (Note 3) 2 Levels 

25/10 0.30/2000 (Note 3) 2 Levels 

NOTES: 
I. For 4-f~ aisles a density of 0,60 gpm/f(: and an area of application of 
1500 ti: ~ shall be used. For aisle widths between 4 ft and 8 ft a direct linear 
interpolation may be made between densities and areas of application. 
2. Based on maxilnnm of 5 ft of storage above the top level of in rack sprin- 
klers. For storage ~reater than 5 ft tip to a lnaximum of 10 ft. increase den- 
sity to 0.45 gpm/ftC 
3. Clearance is distance between top of storage and ceiling. 

For SI Units:  
I in. = 25.4 mm 
1 fl = 0.3048m 

I psi = 0.0689 bars = 6,895 kPa 
1 gpm = 3.785 L/rain 

I gpln/ft=' = 40.74 (L/min)/m e 

8-2.1.1 Single and Double Row Racks ~ 15-ft (4.6-m) 
Storage with Less than 5-ft (1.25-m) Clearance. T h e  pro-  
tection strategy util izing ceil ing sprinklers  only as shown in 
Figure  8-2(a) shall be acceptable only for single and double  
row rack s torage with 8-ft (2.4-m) aisles. For  31/2-fi ( l -m)  
aisles, a density o f  0.60 gj~m/sq ft and an area  o f  applicat ion 
of  1500 sq ft (139.5 m=) shall be used. For  aisle widths 
be tween 3E/2 ft (1 m) and 8 ft (2.4 m), a direct  l inear inter-  
polat ion shall be pe rmi t t ed  be tween  densities and areas of  
application.  

8-2.1.2 Single  and Double Row Racks --  15-ft (4.6-m) 
Storage with 10-ft (3-m) Clearance. Twenty-ft (6-m) Stor- 
age with Less than'5-ft (1.25-m) Clearance. T h e  protec-  
tion strategies utilizing ceil ing sprinklers  only as shown in 
Figures  8-2(b) and 8-2(c) shall be acceptable only for single 
and  d o u b l e  row rack s to rage  with 8-ft (2.4-m) aisles. 
In-rack spr inkler  protec t ion  shall be r equ i r ed  for aisles less 
than 8 ft (2.4 m) in width. 

When  utilizing the ceil ing sprinklers  only strategies as 
shown in Figures  8-2(b) and 8-2(c), co lumn steel shall be 
pro tec ted  in -acco rdance  with p a r a g r a p h  3-2.3(a) or  (b). 
Roof  s t ructural  steel shall be p ro tec ted  in such a m a n n e r  as 
to p rov ide  a m i n i m u m  of  15 rain fire resistance. 

8-2.1.3 Multi-Row Racks --  15 ft (4.6 m) Storage with 
Less than 5-ft (1.25-m) Clearance .  T h e  protec t ion  strat:  
egy util izing ceil ing sprinklers  only as shown in Figure  
8-2(a) shall not  be acceptable for mult i - row rack stor- 
age. T h e  densi ty to be used shall be 0.60 gpm/sq  ft over  
2000 sq ft (186 m2). T h e  indicated combina t ion  of  ceil ing 
and in-rack sprinklers  in Figure  8-2(a) shall be an accept- 
able al ternative.  

8-2.1.4 Multi-Row Racks .-- 15-ft (4.6-m) Storage with 
10-ft (3-m) Clearance. Twenty-ft (6-m) Storage with Less 
than 5-ft (1.25-m) Clearance .  T h e  pro tec t ion  strategies 
utilizing ceil ing sprinklers  only as shown in Figures  8-2(b) 
and 8-2(c) shall not  be acceptable for mul t i - row rack stor- 
age. Only the indicated combina t ions  of  ceil ing and in-rack 
sprinklers  shall be used. 

8-2.2 In-Rack Sprinklers.  In - r ack  sp r ink le r s  shall  be 
installed in accordance  with Figures  8-2(a) t h rough  8-2(i). 

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

8-3.1 Ceil ing Sprinkler Water Demand. For  G r o u p  A 
plastic commodi t ies  in cartons,  encapsula ted  or  nonencap-  
sulated in single and double  row racks, ceiliffg spr inkler  
water  d e m a n d  in terms of  densi ty (gpm/ft  z) and area  of  
opera t ion  (ft'-') shall be selected f rom Table  8-3.1. 

Table 8-3.1 Single and Double Row Racks. 
Height of Storage over 25 Ft. 

Storage Height Above Ceiling Sprinklers 
Top Level In-Rack Density (gpm/ft2)/Area of 
Sprinklers Application (ft ~) 

5 ft or less 0.30/2000 
Over 5 ft up to 10 fi 0.45/2000 

NOTE: Provide in-rack sprinkler protection as per Fignres 8-3.2.1(a) and 
(b) and Fignres 8-3.2.3(a) thrlmgh (c). 

For SI Units: 1 ft = 0.3048 m 
1 gpln = 3.785 L/nlin 

1 gpm/fi-' - 40 74 (L/min)/m'-' 

8-3.2 In-Rack Sprinkler Location. 

8-3.2.1 In double  row racks wi thout  solid shelves and 
with a m a x i m u m  of  10 ft (3.05 m) be tween  the top of  stor- 
age and ceiling, in-rack sprinklers  shall be installed as indi- 
cated in Figures  8-3.2.1(a) and ( b ) . T h e  h ighes t  level of  
in-rack sprinklers  shall be not  more  than 10 ft (3.05 m) 
below the top of  storage, 

8-3.2.2 In-rack sprinklers  for s torage h igher  than  25 ft 
(7.62 m) in double  row racks shall be spaced horizontal ly 
and located in the hor izontal  space neares t  the vertical  
intervals indicated in Figures  8-3.2,1 (a) and (b). 

8-3.2.3 In single row racks wi thou t  solid shelves with 
he ight  of  s torage over  25 ft (7.62 m) and a m a x i m u m  of 
10 ft (3.05 m) be tween  the top of  s torage and ceiling, sprin- 
klers shall be installed as indicated in Figures  8-3.2.3(a) 
t h rough  (c). 

8-3.3 In-Rack Sprinkler Size. Sprinklers  in racks shall be 
t/2-in. (12.7-mm) or  17/32-in. (13.5-mm) orifice size, penden t  
or  upr ight .  

8-3.4 In-Rack Sprinkler Discharge Pressure. Sprinklers  
in racks shall d ischarge at not  less than 30 psi (2.07 bars). 

1991 Edition 



PI~STICS 2 3 1  C - 3 9  

Fqo@ 'C_ 

r-qfq 

7][5 

~ ~,3 

l-q@ 2 

 r-q 

t .2 

H 
H 

ELEVATION PLAN VIEW ELEVATION PLAN VIEW 

Figure 8-3.2.1(a) In-Rack Sprinkler Arrangement, Group A Plastic Com- 
modity, Height of Storage over 25 Ft. 

Figure 8-3.2.1(h) In-Rack Sprinkler Arrangement, Group A Plastic Com- 
modity, Height of Storage over 25 Ft. 

NOTES: 
1. Sprinklers and barr ier  labeled 1 required when loads labeled A or B rep- 
resent top of storage. 
2. Sprinklers labeled I and  2 and  barr ier  labeled 1 required when loads 
labeled C represent  top of storage. 
3. Sprinklers and  barr iers  labeled 1 and  3 required when 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. Symbols l or  X indicate face sprinklers on vertical or horizontal  stagger. 
6. Symbol 0 indicates longitudinal flue space sprinklers. 
7. Each square in the figure represents  a s torage cube measur ing  4 to 5 fi 
(1.25 to 1.56 m) on a side. 

NOTES: 
1. Sprinklers labeled l required when loads labeled A or  B represent  top of 
storage. 
2. Sprinklers labeled 1 and  2 requi red  when loads C represent  top of stor- 
age. 
3. Sprinklers labeled l and  3 required when loads D or E represent  top of 
storage. 
4. For storage h igher  than loads 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 s torage cube measur ing  4 to 5 ft 
(1.25 to 1.56 t11) on a side. 
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V1 
Figure 8-3.2.3(a) In-Rack Sprinkler Arrangement, Group A Plastic Com- 
modity, Single Row Racks, Height of Storage over 25 Ft. 

Eli 

V1 

V1 
V1 

Figure 8-3.2.3(b) In-Rack Sprinkler Arrangement, Group A Plastic Com- 
modity, Single Row Racks, Height of Storage over 25 Ft. 

NOTE: 
I 1. Each square in the figure represents  a storage cube measur ing  4 to 5 ft 

(1.25 to 1.56 m) on a side. 

NOTE: 
I 1. Each square in the figure represents  a storage cube measur ing  4 to 5 ft 

(1.25 to 1.56 m) on a side. 
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LARGE-DROP SPRINKLERS/EARLY SUPPRESSION FAST RESPONSE (ESFR) SPRINKLERS 2 3 1 C - 4 1  

D 

D 
D 

Figure 8-3.2.3(c) In-Rack Sprinkler Arrangement, Group A Plastic Com- 
modity, Single Row Racks, Height of Storage over 25 Ft. 

NOTE: 
J 1. Each square in the figure represents a storage cube measuring 4 to 5 fi 

(1.25 to 1.56 m) on a side. 

Chapter  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 L a r g e - d r o p  s p r i n k l e r s  a r e  su i tab le  fo r  use  wi th  the  
hazards  listed in T a b l e  9-1. 

Table 9-1 Pressure and Number of Design 
Sprinklers For Various Hazards. 

Minimum Operating Pressure 
(Note 1) 

Hazard (Note 2) 
l)ouble Row Rack Storage with 
Minimum 5.5-ft aisle width 
(Note 4) having: 
Class 1 and ll Commodities 
up to 25 fi with maximum 
5-f] clearance to ceiling 
Class I, II, and III Commodi- 
Ues up to 20 f~ with maximum 
10-ft clearance to ceiling 

Number Design 
Sprinklers 

@25 @50 @75 
psi psi psi 

20 Note 3 Note 3 

15 Note3 Note 3 

Sprinkler 
Temperature 

Rating 

High 

High 

Class IV Commodities Does 
up to 20 ft with maximum Not 
10-it clearance to ceiling Apply 20 15 High 
Non-expanded Group A plas- 
tics in corrugated cartons up Does 
to 20 ft with maximum 10-It Not 
clearance to ceiling Apply 30 20 High 
Non-expanded Group A plas- 
tics in corrugated cartons up Does 
to 20 ft with maximum 10-fi Not 
clearance to ceiling Apply 20 Note 3 Ordinary 
Non-expanded Group A plas- 
tics in corrugated cartons up Does 
to 20 fi with maximum 5-ft Not 
clearance to ceiling Apply 15 Note 3 High 

NOTES: 
1. Open Wood Joist Cnnstruction. Testing with open wood .joist construc- 
tion showed that each joist channel shall be fully firestopped to its full depth 
at intervals not exceeding 20 ft. In unfirestopped open wood joist construc- 
tion, or if firestops are installed at intervals exceeding 20 fi, the mininmm 
operating pressures shall be increased bv 40 percent. 
2. Building steel required no special protection for the occupancies listed. 
Protection requirements are based on rack storage with no solid sbeh'cs nor 
slave pallets 
3. The required number of design sprinklers shall not be reduced fl'om that 
required fi)r the lower pressure. 
4. In addition to the lransverse flue spaces required by NFPA 23 IC, mini- 
mum 6-in. longitudinal flue spaces shall be maintained. 

For SI Units: 
1 fi = 0.3048 m 
1 in. - 25.4 mm 

1 psi = 0.0689 bars = 6.895 kPa 

9-1.2 All r e q u i r e m e n t s  c o n t a i n e d  in N F P A  13, Installation 
of Spri*zkler Systems, shall  app ly .  

C h a p t e r  10 E a r l y  S u p p r e s s i o n  F a s t  R e s p o n s e  
(ESFR) S p r i n k l e r s  

10-1 General. 

I 0 - 1 . 1 "  E S F R  s p r i n k l e r s  h a v i n g  a n o m i n a l  K fac to r  o f  14 
shall  be  p e r m i t t e d  for  the  p r o t e c t i o n  o f  c a r t o n e d  plast ics  
( G r o u p  A, B, o r  C) a n d  Class I t h r o u g h  IV  c o m m o d i t i e s  in 
s ingle  row,  d o u b l e  row,  o r  m u l t i - r o w  racks  u p  to a h e i g h t  
o f  25 ft (7.7 m). 

Exception." ESFR protection as now defined does not apply to: 

1. exposed plastics or expmMed polystyrene piastics i.n cartons. 

2. rack storage involving solid shelves. 

3. rack storage involving combustible open top carrot, s or con- 
tainers. 

10-1 .2"  ESFR s p r i n k l e r s  shal l  be p e r m i t t e d  fb r  use  in 
b u i l d i n g s  h a v i n g  a m a x i m u m  cei l ing h e i g h t  o f  30 ft (9.2 m) 
a n d  o n e  o f  the  fo l lowing  types  o f  r o o f  c o n s t r u c t i o n :  

(a) s m o o t h  cei l ing 

(b) b a r  jo i s t  

(c) b e a m  a n d  g i r d e r  

(d) pane l .  

10-1.3 R o o f  s lope  shall  n o t  exce ed  1/.t in./ft  (19.6 r a m / m ) .  
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10-2 Sprinkler System Design. 

10-2.1 ESFR sprinkler systems shall be designed to pro- 
vide a minimum operat ing pressure of 50 psi (3.4 bars) to 
the twelve most hydraulically remote sprinklers, based on 
flowing four sprinklers in each of three branch lines. 

10-2.2 Only wet pipe systems are acceptable for use with 
ESFR sprinklers. 

10-2.3 All requirements  contained in NFPA 13, Standard 
for the Installation of Sprinkler Systems, particularly Chapter  
8, shall apply unless modified within this standard.  

10-2.4 ESFR sprinklers  shall be ord inary  t empera tu re  
rated sprinklers. 

Exception No. 1: Those located in proximih2 to heat sources. 

Exception No. 2: Tko~e 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 durat ion shall be at least 1 hr. 

Chapter 11 Equipment 

11-1 Mechanical Handling Equipment. 

11-1.1 Industrial Trucks. 

11-1.1.1 Power-operated industrial trucks shall be of the 
type designated in NFPA 505, Firesofety Standard for Pow- 
ered Industrial Tracks hzcluding 7),pe Designations, Areas of 
Use, Maintenavce, and Operation, and their maintenance and 
operat ion shall be in accordance with Chapters 2 and 3. - 

11-1.1.27 Industr ial  trucks using LP-Gas or liquid fuel 
shall be refueled outside of the storage building at a loca- 
tion designated tbr t ha tpu rpose .  

Chapter 12 Building Maintenance and Operation 

12-1" Building Operations Other than Storage. 
Welding, soldering, brazing, and cutting shall be permit ted 
to be performed on rack or building components  that can- 
not be removed,  provided no storage is located below and 
within 25 tt (7.62 m) of the working area, and f lameproof  
tarpaulins enclose this section. During any of these opera- 
tions the sprinkler system shall be in service. Two and one- 
half-gal (9.45-L) water- type ext inguishers  and charged 
inside hose lines shall be located in the working area. A fire 
watch shall be maintained dur ing  these operations and ibr 
at least 30 addit ional rain. 

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

12-3 Smoking.  Smoking  shall be slrictly p roh ih i t ed ,  
except in locations prominent ly  designated as smoking 
areas, and "No Smoking" signs shall be posted in prohib- 
ited areas. 

12-4" Main tenance .  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. 

Chapter 13 Referenced Publications 

13-1 The  following documents  or port ions thereof  are 
referenced within this s tandard 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 N F P A  Publications. National  Fire Protect ion 
Associalion, 1 Batterymarch Park, P.O. Box 9101, Quincy, 
MA 02269-9101. 

NFPA 1 IA, Standard Jbr Medium- and Higb-Expansion 
Foam Systems, 1988 edition 

N FPA 13, Standard for ihe Installation of Sprinkler System.~, 
1989 edition 

NFPA 30, Flammable and Combustible Liquids Code, 1990 
edition 

NFPA 40, Standard for the Storage and Handling of Cellu- 
lose Nitrate Motion Picture Film, 1988 edition 

NFPA 58, Standard for the Storage and Handling of Lique- 
fied Petroleum Cases, 1988 edition 

NFPA 81, Standard for Fur Storage, Fumigation and Clean- 
ing, 1986 edition 

NFPA 91, Standard for the Installation of Blower and 
Exhaust Systems for Dust, Stock, and Vapor Removal or Convev- 
ing, 1990 edition 

NFPA 220, StaiMard on 7~pes of Building Construction, 
1985 edition 

NFPA 231, Standard for General Storage, 1990 edition 

NFPA 231D, Standard for Storage of Rubber Tires, 1989 
edition 

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

NFPA 232, Sta',Mard for the Protection of Records, 1991 edi- 
tion 

NFPA 490, Code for the Storage of Ammo.nium Nitrate, 1986 
edition 

NFPA 505, Firesafety Standard for Pozvered Industrial 
Tracks hzcluding 7~vpe Designations, Areas of U.se, Maintenance, 
and Operatio~, 1987 edition 
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Appendix A 

7his Appendix is not a part of the requirements of this NFPA docu- 
menl, but ts included for info~vzation purposes only. 

A-4-1 Rack storage as referred to in this standard con- 
templates commodity in a rack structure, usually steel. 
Many variations of dimensions are found. Racks may 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: 

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 Figures A-4-1(a), (b), (c), and (d)]. 

Automatic Storage-7]Vpe Rack. The pallet is supported by 
two rails running perpendicular  to the aisle [see Figure 
A-4-1(e)]. 

Multiple Row Racks are More than Two Pallets Deep, Mea- 
sured Aisle to Aisle. This includes drive-in racks, drive- 
t h r o u g h  racks,  f l o w - t h r o u g h  racks,  p o r t a b l e  racks 
arranged in the same manner,  and conventional or auto- 
matic racks with 0isles less than 42 in. (1.07 m) [see Figures 
A-4-1(D 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 moving aisle is created as 
abutting racks are either loaded or unloaded, then moved 
across the aisle to abut other racks. [See Figure 
A-4-1(k).] 

Solid Shelving. Conventional pallet rack with plywood 
shelves on the shelf beams [see Figures A-4-1(c) and (d)]. This 
is a special case (see Chapter 5). 

Cantilever Rack. The  load is supported on arms that 
extend horizontally from columns. The load may rest on 
the arms or on shelves supported by the arms [see Figure 
A-4-I(j)]. 

Load depth in conventional or automatic racks is consid- 
ered a nominal 48 in. (1.22 m) [see Figure A-4-1(b)]. 

END VIEW 
DOUBLE ROW 

AISLE VIEW 

Legend 

L - - L o n g i t u d i n a l  F l u e  Space 

T--Transverse  Flue Space 

F i g u r e  A - 4 - 1 ( a )  C o n v e n t i o n a l  P a i l e t  R a c k .  
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Legend 
A - -  L o a d  Depth 
B -- L o a d  W i d t h  
T - -  T r a n s v e r s e  F l u e  Space 
L - -  Longitudinal Flue Space 

E - -  S t o r a g e  H e i g h t  
F - -  Commodity 
G - -  P a l l e t  

H - -  R a c k  Depth 

F i g u r e  A - 4 - 1 ( b )  D o u b l e  R o w  R a c k s  W i t h o u t  S o l i d  or Slatted S h e l v e s .  

T 

.~,.' .... '..-.:;.i~..,,~~:~:.,".:,- . . . . . . .  .,~,.?;: ~ i ~ ¢ " i ~ i  ~ F  I ....... 

S H" 

Legend 

A - -  S h e l f  D e p t h  L - -  L o n g i t u d i n a l  F l u e  Space 
B - -  S h e l f  H e i g h t  E - -  S t o r a g e  H e i g h t  
T - -  T r a n s v e r s e  F l u e  S p a c e  F - -  Commodity 

H - -  R a c k  Depth 

F i g u r e  A - 4 - 1 ( c )  D o u b l e  R o w  R a c k s  W i t h  S o l i d  S h e l v e s .  
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J J J  
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A - -  She l f  Depth  
B - -  She l f  H e i g h t  
H - -  Rack D e p t h  

L e g e n d  

L - -  Long i tud ina l  Flue Space  
E - -  Storage  H e i g h t  
F - -  C o m m o d i t y  
T - -  T r a n s v e r s e  Flue  Space  

F igure  A-4-1(d)  D o u b l e  R o w  Racks With  Slatted Shelves .  
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AISLE VIEW 

L e g e n d  

A - -  L o a d  D e p t h  E - -  Storage  H e i g h t  
B - -  L o a d  W i d t h  F - -  C o m m o d i t y  
T - -  T r a n s v e r s e  Flue  Space  G - -  Pal let  
L - -  Long i tud ina l  Flue  Space  

F igure  A-4-1(e)  Automat ic  S t o r a g e - T y p e  Rack. 
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L - -  Long i tud ina l  Flue  Space  

F igure  A-4-1(f)  Mul t i -Row Rack to be Served  by a Reach  Truck .  
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END VIEW 
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AISLE VIEW 

T - -  Transverse Flue Space 

Figure A-4-1(g) Flow-Through Pallet Rack. 
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T - - T r a n s v e r s e  Flue Space 

Figure A-4-1(h) Drive-In Rack - -  Two or More Pallets Deep.  

Fork t ruck drives into the rack to deposil and withdraw loads in the depth  
of the rack. 
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END VIEW 

Flow-Through Rack 

P o r t a b l e  R a c k s  

Figure  A-4-1 (i). 
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Figure  A-4-1(j) Canti lever  Rack. 
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Figure  A-4-l(k) Movable Rack. 
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A-4-2 Fixed rack structures should be designed to facili- 
tate 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 required 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 may render  protection ineffective 
and should be discouraged. 

A-4-5 The fire protection system design should contem- 
plate the maximum height of storage. For new sprinkler 
installations, maximum height of storage is the usable 
height at which commodities can be s/ored above the floor 
when the minimum required unobstructed space below 
sprinklers is maintained. For the evaluation of existing sit- 
uations, maximum height of storage is the maximum exist- 
ing if space between sprinklers and storage is equal or 
greater than required. 

A-4-6.1 A horizontal clearance of at least 1 tt (0.30 m) 
should be maintained between storage and major unpro- 
tected roof structural members when 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 commodity fi-om 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 Ceiling Sprinklers. Wet systems are recom- 
mended for rack storage occupancies. 

Dry systems are acceptable only where it is impractical to 
provide heat. 

Preaction systems should be considered for rack storage 
occupancies that are unheated, particularly where in-rack 
sprinklers are installed or for those occupancies that are 
highly susceptible to water damage. 

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

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

Sprinklers for High-Temp. Sprinklers 
(ft 2) (m 2) (ft) (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-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 a r rangements ,  cons idera t ion  
should be given to providing more than one in-rack con- 
trol valve in order to limit the extent of any single impair- 
ment. 

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

Central station, auxiliary, remote station, or proprietary 
sprinkler waterflow alarm should be provided except that 
local waterflow alarm is acceptable where approved guard 
service is prowded (see NFPA 71, Standard for the Installa- 
tion, Maintenance, and Use of Signaling Systems for Central Sta- 
tion Seroice, and NFPA 72, Standard for the Installation, MaiTi- 
tenance, and Use of Protective Signaling Sy.stems). 

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

A-5-13.1 In NFPA 13, Standard for the InstallaOon of Sprin- 
kler Systems, paragraph A-4-4.10 states: "Slatting of decks 
or walkways or the use of open grating as a substitute for 
automatic sprinkler thereunder  is not acceptable." 

Also when shelving of any type is employed, it is for the 
basic purpose  of p rov id ing  an in t e rmed ia te  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-6-4.1 Where possible, it is preferable to locate in-rack 
sprinkler deflectors at least 6 in. (152•4 mm) above pallet 
loads. 

A-6-4.2 Where possible, it is preferable to locate in-rack 
sprinklers away from rack uprights. 

A-6-5.1 Spacing of sprinklers on branch lines in racks in 
the various tests indicates maximum spacing as indicated is 
proper. 

A-6-8.1 Bulkheads are not a substitute for sprinklers in 
racks. Their  installation does not justify reduction in sprin- 
kler densities or design operating areas as called for in the 
design curves. 

A-6-9.1 When high expansion foam is being contem- 
plated as the protection media, consideration should be 
given to possible damage to the commodity from soaking 
and corrosion. Consideration should be given to the prob- 
lems associated with removal of foam after discharge. 

A-6-11.1 Where dry pipe systems are used, the areas of 
opera t ion  indica ted  in the design curves should be 
increased by 30 percent. Densities should be selected so 
that areas of operation, after the 30 percent increase, do 
not exceed 6,000 sq ft (557.4 m~). 
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A-6-13.3 In-rack sprinklers at one level only fbr storage 
up to and including 25 ft (7.62 m) high 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 
(3.05 m) between top of storage and ceiling, a horizontal 
barr ier  should be installed above storage with one line of 
sprinklers under  the barrier.  

A-7-11 Double row racks - -  height of storage over 25 ft 
(7.62 m) - -  more than 10 ft (3.05 m) between maxinmm 
height of storage and ceiling. 

When the ceiling is more than 10 ft (3.05 m) above max- 
imum height of storage, a horizontal barr ier  should be 
installed above storage with one line of sprinklers under  
the barr ier  for Class I, I1, and 1II commodities and two 
lines of sprinklers under  the barr ier  for Class 1V commod- 
ities, ln-rack sprinkler arrays should be installed as indi- 
cated 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 barriers  need not be provided above a (:lass 
I or Class II  commodi ty  with in-rack spr inkler  arrays 
according to Figure 7-10.1(a) and Figure 7-10.1(b), pro- 
vided one line of in-rack sprinklers is installed above the 
top tier of storage. 

A-7-12.1 Water  demand  for height of storage over 25 ft 
(7.62 m) on racks without solid shelves separated by aisles 
at least 4 ft (1.22 m) wide and with more than 10 ft 
(3.05 m) between top of storage and sprinklers should be 
based on sprinklers in 2,000 sq ft (185.8 m 2) operat ing area 
for double row racks and 3,000 sq ft (278.7 m 2) operat ing 
area lot  multiple row racks discharging a minimum of 
0.18 gpm per  sq ft [(7.33 L/min)/m 2] for Class I commodi-  
ties, 0.21 gpm per  sq ft [(8.56 L/min)/m'-'] for Class II and 
II1 commodities,  and 0.25 gpm per  sq ft [(10.19 L/min)/m ~] 
fur Class IV commodities, fbr 165°F (74°C) sprinklers; or a 
minimum of 0.25 gpm per sq ft [(10.19 L/min)/m 2] tar 
Class I commodities,  0.28 gpm per  sq tt [(11.41 L/min)/m 2] 
for Class II and I I l  commodities,  and 0.32 gpm per  sq ft 
[(13.04 L/min)/m 2] for Class IV commodities,  for 286°F 
(141°C) sprinklers. (See A-7-1.1 and A-7-13.) 

Where such storage is encapsulated,,  ceiling sprinkler 
density should be 25 percent  greater  th'~k~l for nonencapsu- 
lated. 

A-7-13 In multiple row racks with more than 10 fl 
(3.05 m) between maximum height of storage and ceiling, 
a horizontal 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.  In-rack sprin- 
klers should be installed as indicated in Figures 7-13(a), 
(b), and (c). 

A-8 M1 rack fire tests of plastics were run with an approx-  
imate 10-ft (3-m) maximum clearance between the top of 
storage and ceiling sprinklers. Within 30-ft (9. l-m) high 
buildings, greater  clearances above storage configurations 
should be compensated for by the addit ion of more in- 
rack sprinklers and/or  the provision of greater  areas of 
application. 

A-10-1.1 ESFR sprinklers were designed to respond 
quickly to growing fires and deliver heavy discharge to 
"suppress" fires ra ther  than "'control" them. ESFR sprin- 
klers cannot be relied upon to provide suppression if they 
are used outside these design parameters .  

A-10-2.1 Design parameters  were de termined t-ram a 
series of full-scale fire tests conducted as a .joint effort 
between Factory Mutual and the National Fire Protection 
Research Foundation.  (Copies of the tests repor t  are 
available t iom the National Fire Protection Research Foun- 
dation). 

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 tastenings and mechanical saws or 
cutting wheels is recommended.  When welding or cutting 
operations ave absolutely necessary, the precautions con- 
tained in NFPA 51B, Standard for Fire Prevention i~t Use of 
Cutting and Welding Processes, should be followed. 

Locomotives should not be allowed to enter  the storage 
area. 

A-12-2 Con ta ine r s  should  be e m p t i e d  and conten ts  
removed from the premises at frequent intervals (see NFPA 
82, Star~dard on h~cinerators, Waste, and Linen Ha'ndling Sys- 
tems and Equipment). 

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 
immediately repor ted  and necessary corrective measures 
taken promptly.  

The sprinkler system and the water supplies should be 
checked and maintained in accordance with NFPA 13A, 
Recommended Practice for the Inspection, Testing a'nd Mainte- 
nance of sprinkler Systems. 

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

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

(a) Maintaining the securitv 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) Opera t ion  of spr inkler  system and water  supply 
equipment  

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

(t') Supervision of sprinkler  valves after system is turned 
off so that system can be reactivated if rekindl ing occurs. 
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Attention should be given to advance p lanning  and 
training with respect to fire depar tment  response, access, 
and fire fighting. 

A-12-6 General Fire Protection. 

All fire fighting and safety personnel  should realize the 
great danger  of  shutting off sprinklers once opened by 
heat from fire. Shutting off sprinklers to locate fire could 
cause a disaster. Ventilation, use of smoke masks, smoke 
removal equipment ,  and removal  of material  are safer 
ways. 

Sprinkler water may be safiely shut off only after the fire 
is ex t ingu ished  or  comple te ly  u n d e r  cont ro l  of  hose 
streams. Even then, rekindling is a possibility. To be ready 
tot p rompt  valve reopening if fire rekindles, a person sta- 
tioned at the valve, a fire watch, and dependable  commu- 
nications between them are needed until automatic sprin- 
kler protection is restored. 

Pre-Fire Emergency Planning. It is important  that such 
planning be done by management  and fire protection per- 
sonnel, and the action to be taken discussed and correlated 
with the local fire depar tment  personnel.  

The critical time of any fire is in the incipient stage, and 
the action taken by fire protection personnel  upon notifi- 
cation of fire may permit  containing the fire in early stages. 

Pre-emergency planning should contemplate the follow- 
ing: 

(a) Availability of  hand fire fighting equipment  for the 
height and type of commodity involved. 

(b) Availability of fire fighting equipment  and personnel  
properly trained for type of  storage a r rangement  involved. 

(c) Assurance that all automatic fire protection equip- 
ment,  such as sp r ink le r  systems, water  suppl ies ,  fire 
pumps, hand hose, etc., is in service at all times. 

Fire Department Operations. S p r i n k l e r  p r o t e c t i o n  
installed as recommended  in this s tandard is expected to 
protect the building occupancy without supplemental  fire 
depar tment  activity. Fires that occur in rack storage occu- 
pancies, protected in accordance with this s tandard,  should 
be controlled within the limits outl ined in B-l-1. No signif- 
icant building damage is expected. Fire depar tment  activ- 
ity can, however, minimize the extent of loss. The first fire 
depar tment  pumper  arriving at a rack storage-type fire 
should immediately connect to the sprinkler siamese fire 
depar tment  connection and start pumping  operations. 

In the test series up to 25 ft (7.62 m), the average time 
from ignition to smoke ohscuration in the test building was 
about 13 min. The  first sprinkler  operat ing time in these 
same fires averaged about 3 rain. Considering response 
time for the waterflow device to transmit a waterflow sig- 
nal, approximately 9 min remains between time of receipt 
of a waterflow alarm signal at fire depar tment  headquar-  
ters and time of  smoke obscuration within the building as 
an overall average. 

In the over-25-ft (7.62-m) high test series, the visibility 
time was extended.  If the fire depar tment  or plant protec- 
tion depar tment  arrives at the building in time to have suf- 

ficient visibility to locate the fire, suppression activities with 
small hose lines should be started. (Self-contained breath-  
ing apparatus  is desirable.) If, 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 pro- 
vided to these points ready for ultimate mop-up opera- 
tions. Manual fire fighting operat ions in such a warehouse 
are not a substitute tbr sprinkler  protection. 

The ~rinkler ,~ystem must be kept in operation du.ring manual 
fire fighting atzd mop-up operations. 

During the testing p rogram,  the installed automatic  
extinguishing system was capable of controlling the fire 
and reducing all tempera tures  to ambient  within 30 rain of 
ignition. Venti lat ion opera t ions  and mop-up  were not 
started until this time per iod had been reached. The  use of 
smoke removal equipment  is important .  

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

(a) Mechanical air handl ing system's 

(b) Powered exhaust fans 

(c) Roof mounted gravity vents 

(d) Perimeter  gravity vents. 

Whichever system is selected, it should be designed for 
manual actuation by the fire depar tment ,  thus allowing 
them to coordinate the smoke removal (ventilation) with 
their mop-up operations. 

Appendix B 

This AppoM~x is nol a parl of the requiremenLs ~f this NFPA docu- 
metzt, but is included Jbr infbrmalion pulposes oMv. 

Appendix  B explains test data and procedures  that led 
to the promulgat ion of  this standard.  The paragraphs  bear 
the same number  as the text of this s tandard to which they 
apply. 

B-l-1 Application and Scope. 

This s tandard uses as a basis the large-scale fire test 
series conducted at the Factory Mutual Research Center, 
West Glocester, Rhode Island. 

The  test bui ld ing  is approx imate ly  200 ft × 250 ft 
[50,000 sq ft (4.65 km e) in area], of fire-resistive construc- 
tion, and contains a volume of approximate ly  2.25 million 
c u f t  (63 761.86 m:~), the equivalent of a 100,000 sq ft 
(9.29 km e) building 22.5 ft (6.86 m) high. The test building 
has two pr imary heights beneath a single large ceiling. The 
east section is 30 ft (9.15 m) high, and the west section is 
60 ft (18.29 m) high. 

The 20-ft (6.10-m) test series was conducted in the 30-ft 
(9.15-m) section with clearances f iom top of storage to ceil- 
ing nominally 10 ft (3.05 m). 

Doors at the lower and intermediate  levels and ventila- 
tion louvers at tops of walls were kept closed dur ing  the 
majority of the fire tests. This minimized eflect of exterior  
conditions. 
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The entire test series was fully instrumented with ther- 
mocouples in rack members, simulated building column, 
bar joist, and at the ceiling. 

Racks were constructed of steel vertical and horizontal 
members designed for 4000 lb (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 31/2 ft (1.07 m) wide with 6-in. (12.7-ram) lon- 
gitudinal flue space for an overall width of71/,, 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 test. Con- 
ventional racks and conventional pallets were nsied in the 
main central rack in the 8-ft (2A4-mm) aisle tests. The 
majority of the tests were conducted with 100 sq ft 
(9.29 m e ) sprinkler spacing. 

The test configuration in the 15-R (4.57-m), 20-ft 
(6.10-m), and 25-ft (7.62-m) high tests covered an 1800-sq 
fi (167.2-m 2) floor area, including aisles between racks. 
Tests, which were used in producing this standard, limited 
fire damage to this area. Maximum water damage area 
anticipated in the standard is 6000 sq ft (557.4 re'e), 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, or water damage. 

The following.table illustrates these points. Information 
shown is taken from the 20-ft (6.10-m) high test series 
using the standard commodity. 

SprinMer 
Operation 

Density Fire Damage (165°F) 
gpm/sq ft in Test Array Area --  

% sq ft sq ft 

0.30 (Ceiling only) 22 395 4500-4800 
0.375 (Ceiling only) 17 306 1800 
0.45 (Ceiling only) 9' 162 700 
0.20 (Ceiling only) 28-36 504-648 13,100-14,000 
0.20 (Sprinklers "at ceiling 8 144 4100 

and in racks) 
0.30 (Sprinklers at ceiling 7 126 700 

and in racks) 

For  SI Un i t s :  l R = 0 . 3 0 4 8  m;  C = ~/9 (F-32);  

I gpm/fl=' = 41).7-t6 (L/ra in)Ira  ~ ~a.=,~ 

These basic facts, the reduction in both fire damage and 
area of water appl ica t ion  as sp r ink le r  densi t ies  are 
increased or.when sprinklers are installed in racks, should 
be considered carefully by those responsible fbr applying 
this standard to the rack storage situation. 

In the 25-ft (7.62-m) high test, a density of 0.55 gpm per 
sq ft [(22.4 L/min)/m 2] produced 42 percent, or 756 sq ft 
(70.26 m), fire damage in the test arrav and a sprinkler 
wetted area of 1400 sq ft (130.1 me). Lesser densities w'ould 
not be expected to achieve the same limited degree of con- 
trol. Therelbre,  if smaller areas of fire damage are to be 
achieved, sprinklers in racks should be considered. 

The over-25-[t (7.62-m) test series was conducted in the 
60-ft (18.29-m) section of the test building with nominal 
clearances fi-om top of storage to ceiling of either 30 it 
(9.15 m) or 10 ft (3.05 m). 

Doors at the lower and intermediate levels and ventila- 
tion louvers at the top of walls were kept closed dnr ing  the 
fire tests. This minimized the effect of exterior wind condi- 
tions. 

The purpose of the over-25-fl (7.62-m) series was to: 

1. Determine the arrangement  of in-rack sprinklers 
that can be repeated as pile height increases and that pro- 
vide control of the fire. 

2. Determine other protective arrangements,  such as 
high expansion foam, that provide control of the fire. 

Control was felt to be accomplished if the fire was 
unlikely to spread fl-om the rack of origin to adjacent racks 
or spread beyond the length of the 25-ft (7.62-m) test rack. 
To aid in this judgment ,  control was considered achieved if 
the fire did not: 

1. Jump the 4-ft (1.22-m) aisles to adjoining racks. 

2. 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 ex t ingu i sh ing  svstem, unt i l  commodi t ies  init ially 
inwflved are consumed, or fire is extinguished by the 
extinguishing system or manual aid. 

The standard commodily as selected in the 20-ft (6. l-m) 
test series was used in the inajority of over-25-ft (7.62-m) 
tests. Halhnark products and 3-M products described in 
the 20 f~ (6.1 m) report were also used as representative of 
Class I l I  and/or IV commodities in several tests. The result 
of privately sponsored tests on Halhnark products and 
plastic encapsulated standard commodity were also made 
available to the committee. 

A 25-ft (7.62-m) long test array was used fi)r the major- 
ity o1 over-25-ft (7.62-m) high test series. This decision was 
reached as it was fclt that a fire in racks over 25-ft (7.62-m) 
high that extended to the full length of a 50-ft (15.24-m) 
long rack could not be considered controlled, particularly 
as storage heights increased. 

One of the purposes of the tests was to de termine  
arrangements of in-rack sprinklers that can be repeated as 
pile height increases and that provide control of the fire. 
The 30-ft (9.15-m) tests explored the effect of such arrays. 
Man}' of these tests, however, produced appreciable t~re 
spread in storage in tiers above the top level of protection 
within the racks, (In some cases, a total burnout  of the top 
tiers of both the main rack and the target rack occurred.) 
In the case of the 30-ft (9.15-m) Hallmark Test 134 on the 
60-ft (18.29-m) site, the material in the top tiers of storage 
burned vigorously, and the fire jumped  the aisle above the 
fourth tier. The fire then burned itself downward into the 
south end of the fourth tier. In the test on the floor, a 
nominal 30-ft (9.15-m) clearance occurred between top of 
storage and ceiling sprinklers, whereas on the platfi)rm this 
clearance was reduced to nominal  10 ft (3.05 m). In most 
cases the in-rack sprinklers were effective in controlling fire 
below the top level of protection within the racks. It has 
been assumed by the Test Planning Committee that, in the 
actual case with clearance of 10 ft (3.05 m) or less above 
storage, ceiling sprinklers would be expected to control 
damage above the top level of protection within the racks. 
Tests are planned to investigate lesser clearances. 
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Tests 114 and 128 explore the effect of changing the 
ignition point from the in-rack standard ignition point to a 
tace ignition location. It should be noted, however, that 
both of these tests were conducted with 30-ft (9.15-m) 
clearance from ceiling sprinklers to top of storage and, as 
such, ceiling sprinklers had little effect 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 
when the ignition point is changed was noted in Tests 126 
and 127. Here again, 30-tt (9.15-m) clearance occurred 
between top of storage and ceiling sprinklers, and, as such, 
ceiling sprinklers had little effect on the thee fire. Compar- 
isons of Tests 129, 130, and 131 in the 50-ft (15.24-m) 
series indicate little effect of point of ignition in the partic- 
ular configuration tested. 

Test 125 compared with Test 133 indicates no significant 
difference in result between approved low profile sprin- 
klers and standard sprinklers in the racks. 

B-2-1 A review of full-scale fire tests run on the standard 
commodity (double tri-wall carton with metal liner); of 
Hallmark products and 3-M products (abrasives, pressure 
sensitive tapes of plastic fiber, and paper, etc.); and of the 
considerable number  of commodity tests conducted indi- 
cates a guide tar commodity classifications. This guide is 
not related to any other method of classification of materi- 
als; therefore, sound engineering judgmen t  and analysis of 
the commodity and the packaging must be made 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 12 ft 6 in. (3.81 m) fi-om the 
ignition source. Therefore, with sprinkler systems designed 
in accordance with the curves, fireproofing of roof steel is 
not 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- 
tained below 1000°F (538°C) with densities of roof ceiling 
sprinklers only of 0.375 gpm per sq ft [(15.3 L/min)/m'] 
with 8-ft (2.44-m) aisles and 0.45 gpln per sq ft [(18.34 
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 moresprinklers  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 is dealing only with buildings protected 
by sprinklers. The design curves are based upon roof vents 
or draft curtains not being installed 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 
space 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 transverse flue space is maintained open. 

Tests 145 and 146 were conducted to investigate the 
influence of longitudinal and transverse flue dimensions in 
double row racks without solid shelves. Results were com- 
pared with Tests 65 and 66. Flue dimensions in Tests 65, 
66, 145, and 146 were 6 in. (152.4 ram), 6 in. (152.4 ram), 
3 in. (76.2 ram), and 12 in. (0.30 m) respectively. M1 other 
conditions were the same. 

In Tests 65 and 66, 45 and 48 sprinklers operate com- 
pared with 59 and 58 for Tests 145 and 146. Fire damage 
in Tests 145 and 146 was somewhat less than in Tests 65 
and 66; 2,100 cu. ft:(59.51 m 3) and 1,800 cuf t  (51 m :~) ver- 
sus 2,300 cu lt (65.13 m :~) and 2,300 cu ft (65.13 m a) of 
combustible material consumed. 

Test results indicate narrow flue spaces on the order of 
3 in. (76.2 ram) will allow reasonable passage of sprinkler 
water down through the racks. ° 

Tests 96 and 107, on multiple row racks, had 6-in. 
(152.4-mm) transverse flue spaces. Water demand recom- 
mended in the standard is limited to those cases with nom- 
inal 6-in. (152.4-mm) transverse flues, in vertical align- 
ment. 

B-4-5 Most tests in the 25-ft (7.62-m) and under  series 
were conducted with clearance of 10-t~ (3.05 m) from top 
of storage to sprinkler deflectors, and the basic design 
curves in Figures 6-11.1(a) through (g) reflect this condi- 
tion. 

Tests 140 and 141 were conducted with 3-ft (0.91-m) 
clearance between the top of storage and ceiling sprinkler 
deflectors. In Test 140 with 0.30 density, 36 sprinklers 
operated compared with 45 and 48 sprinklers in tests 65 
and 66 with 10-ft (3.05-m) clearance. In Test 141, 89 sprin- 
klers operated compared with 140 sprinklers in Test 70 
with 10-ft (3.05-m) clearance. Fire spread in Tests 140 and 
141 was somewhat less than in Tests 65, 66, and 70. 

Test 143 was conducted with 18-in. (0.46-m) clearance 
between the top of storage and ceiling sprinkler deflectors, 
and with 0.30 density. Thirty-seven sprinklers operated 
compared with 36 sprinklers in Test 140 with 3-ft (0.91-in) 
clearance and 45 and 48 sprinklers in Tests 65 and 76 with 
10-ft (3.05-m) clearance. Fire spread in Test 143 with 
18-in. (0.46-m) clearance was somewhat less than in tests 
65, 66, and 140 with 10-ft (3.05-m) and 3-ft (0.91-m) clear- 
ance. 

Privately sponsored tests, using a 0.45 ceiling sprinkler 
density and an encapsulated commodity, indicated 40 
sprinklers operat ing with 10-ft (3.05-m) clearance, l l  
sprinklers operating with 3-ft (0.91-m) clearance, and 10 
sprinklers operating with 18-in. (0.46-m) clearance. Fire 
spread was less in the test with 18-in. (0.46-m) clearance 
than 3-ft (0.91-m) clearance, and was also less with 3-ft 
(0.46-m) clearance than with 10-ft (3.05-m) clearance. 

B-4-7 No tests were conducted with idle pallets in racks. 
Such storage conceivabl,v would introduce fire severity in 
~excess of that contemplated by protection criteria for an 
individual commodity classification. 
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