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N O T I C E  

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

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

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

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

Pol icy A d o p t e d  by NFPA Board of Directors on December 3, 1982 

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

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

Licensing P r o v i s i o n - - T h i s  document  is copyrighted by the National Fire Protection Association (NFPA). 

1. Adoption by R e f e r e n c e - - P u b l i c  authorities and others are urged to reference this document  in laws, 
ordinances,  regulations,  administrative orders, or similar instruments.  Any deletions, additions, and changes  
desired by the adopting authority must  be noted separately. Those using this method are requested to notify the 
NFPA (Attention: Secretary, Standards Council)  in writ ing of  such use. The term "adopt ion by reference" means 
the 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 N F P A ' s  copyr ight  is contained in each law and in each copy thereof; and (2) that such printing and 
republication is limited to numbers  sufficient to satisfy the jur isdic t ion 's  lawmaking or rule-making process. 
B. Once this NFPA Code or Standard has been adopted into law, all printings of  this document  by public author- 
ities with lawmaking or rule-making powers or any other persons desiring to reproduce this document  or its 
contents as adopted by the jurisdict ion in whole or in part, in any form, upon written request to NFPA (Attention: 
Secretary, Standards Council) ,  will be granted a nonexclusive license to print, republish, and vend this document  
in whole or in part, with changes  and additions, if any, noted separately, provided that due notice of  NFPA ' s  copy- 
right 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 authori- 
ties with lawmaking or rule-making powers may apply for and may receive a special royalty where the public 
interest will be served thereby. 

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

(For further  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 
Associat ion,  which are designed to assure the appointment  of  technically competent  Committees having balanced 
representation. While these procedures assure the highest  degree of care, neither the National Fire Protection 
Associat ion,  its members,  nor those participating in its activities accept any liability resulting from compliance or 
noncompliance with the provisions given herein, for any restrictions imposed on materials or processes,  or for the 
completeness of the text. 

NFPA has no power  or authority to police or enforce compliance with the contents of this document,  and 
any certification of  products stating compliance with requirements of  this document  is made at the peril of  the 
certifier. 
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This edition of  NFPA 231 F, Standard for the Storage of RoU Paper, was p repared  by the 
Technical Committee on General  Storage and acted on by the National Fire Protection 
Association, Inc., at its Fall Meeting held November 13-15, 1995, in Chicago, IL. It was 
issued by the Standards Council on January  12, 1996, with an effective date of February 
2, 1996, and supersedes all previous editions. 

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

This edition of NFPA 231F was approved as an American National Standard on 
February 2, 1996. 

Origin and Development of NFPA 231F 

The need for a s tandard for storage of roll paper  was brought  to the attention of the 
Association after the occurrence of several disastrous fires in warehouses containing roll 
paper .  The  lack of a national s tandard had made designing, building, and using a thcil- 
ity for the storage of roll paper  an expensive undertaking,  sometimes resulting in sub- 
s tandard fire protection. Because of the unique characteristics of roll paper ,  the Stan- 
dards  Council was peti t ioned and agreed to have the Technical Committee on General 
Storage develop NFPA 231F, Standard for the Storage of Roll Paper. The first edition was 
adopted  in 1984. A subsequent edition was adopted in 1987. 

The  1996 edition of NFPA 231F was revised to incorporate advances in sprinkler 
technology. Fur ther  revisions address miscellaneous storage, retroactivity, and changes 
to the scope of the document.  A number  of  editorial changes were also incorporated to 
improve the user friendliness of  the document.  
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NOTICE: An asterisk (*) following the number or letter 
designating a paragraph indicates explanatory material on 
that paragraph in Appendix A. 

Information on referenced publications can he fbund in 
Chapter 6 and Appendix C. 

Chapter 1 Introduction 

1-1 Scope. 

1-1.1 This standard shall apply to the storage of roll 
paper in buildings or structures. 

1-1.2" This standard shall apply to new fiacilities or where 
converting existing buildings to a roll paper storage occu- 
pancy. It can be used as a basis tor evaluating existing stor- 
age facilities. 

1-1.3 This standard shall not apply to: 

(a) Storage in unsprinklered buildings and structures. 
(b) Storage on racks, which shall be in accordance with 

NFPA 231 C, Standard for Rack Storage of Materials. 
I (c) Miscellaneous storage, which shall be in accordance 

with NFPA 13, Standard Jor the lmtallation of Spm~kler S~'stems. 
(d) Storage of waxed paper, synthetic paper, and pallet- 

ized roll storage other than on a single floor pallet or 
raised floor plattorm. 

1-2 Purpose. The purpose of this standard is to provide 
a reasonable degree of protection tor the storage of roll 
paper where stored in buildings or structures by means of 
installation requirements based upon sound engineering 
principles, test data, and field experience. Nothing in this 
standard is intended to restrict new technologies or alter- 
hate arrangements,  provided that the level of protection 
prescribed by the standard is not lowered. 

1-3 Retroactivity Clause. The provisions of this docu- 
ment shall be considered necessary to provide a substantial 
level of protection from fire. They reflect situations and the 
state of the art at the time the standard was issued. 

Unless otherwise noted, it is not intended that the pro- 
visions of this document be applied to facilities, equipment,  
structures, or installations that were existing or approved 
for construction or installation prior to the efli~ctive date of 
this document. 

Exception: In those cases where it is determined bs the authorit~ 
having jurisdiction that the existing situation mvoh,e~ a distinct 
hazard to life or property', this standaM shall apply. 

1-4 Definitions. 
Approved.* Acceptable to the authority having juris- 

diction. 

Array. 

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

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

Stmtdard Arrm'.* A vertical storage arrangement  in which 
the distance between columns in one direction is short 
[1 in. (25 mm) or less], and is in excess of 2 in. (50 mm) in 
the other direction. 

Authority Having Jurisdiction.* The organization, 
office, or individual responsible for approving equipment, 
an installation, or a procedure. 

Banded Storage. Rolls provided with a circumferential 
steel strap [3/,~ in. (9.5 ram) or wider] at each end of the 
roll. 

Clearance. The distance from the top of storage to ceil- 
ing sprinkler deflectors. 

Column. A single vertical stack of rolls. 

Core. The central tube around which paper is wound 
to form a roll. 

I Early Suppression Fast Response (ESFR) Sprinkler. 
See N FPA 13, Standard[or the Installation of Sprhlkler Systems. 

Encapsulated. A method of packaging consisting of a 
plastic sheet completely enclosing the sides and top of roll 
paper. 

Extra Large Orifice (ELO) Sprinkler. See NFPA 13, 
Sta~dard [br the Installation o[ Sprinkler S~stems. 

Large Drop Sprinkler. See N FPA 13, Standard jor the 
Installation o! Sprinkler ,~,stem~. 

Listed.* Equipment or materials included in a list pub- 
lished by an organization acceptable to the authority having 
jurisdiction and concerned with product evaluation that 
maintains periodic inspection of production of listed equip- 
ment 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. 

Paper (general term). The term for all kinds of felted 
sheets made fiom natural fibrous materials, usually vegeta- 
ble but sometimes mineral or animal, and [brmed on a fine 
wire screen from water suspension. 

Rack Storage, Any combination of vertical, horizontal, 
or diagonal members that can support roll paper storage. 
Racks can be fixed or portable. 

Shall. Indicates a mandatory requirement. 

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

I Spray Sprinkler. See NFPA 13, StandardJbr the Installa- 
tion q[ Sprm, kler ,~,stems. 
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Sprinkler Temperature Rating. 

Ordina~ Temperature Rated Sprinklers. Includes tempera-  
ture ratings of 135°F to 170°F (57°C to 77°C). 

Intermediate Temperature Rated Sprinklers. Includes tem- 
perature  ratings of 170°F to 250°F (77°C to 121°C). 

High Temperature Rated Sprinklers. Includes tempera ture  
ratings of  250°F to 300°F (121°C to 149°C). 

Storage. 

Horizontal Storage. Rolls stored with the cores in the hor-  
izontal plane (on-side storage). 

I Miscellaneous Storage. See NFPA 13, Standard for the Instal- 
lation of Sprinkler Systems. 

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

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

Wrapped Storage.* Rolls provided with a complete heavy 
kraft covering a round  both sides and ends. 

Weight of Paper.* See A-2. 

1-5" Units.  Metric units of measurement  in this s tandard 
are in accordance  with the modern ized  metric system 
known as the Internat ional  System of Units (SI). The liter 
unit, which is not part  of but  is recognized by SI, is com- 
monly used in international  fire protection. 

1-5.1 I f a  value for measurement  as given in this s tandard 
is followed by an equivalent value in other  units, the first 
value shall be cons idered  to be the requ i rement .  The  
equivalent value might be approximate.  

1-5.2 SI units have been converted by multiplying the 
quantity by the conversion factor and then rounding  the 
result to the appropr ia te  number  of significant digits. 

Chapter 2* Classification of Roll Paper 

2-1 General .  For the purposes  of this s tandard,  the fol- 
lowing classifications of  paper  shall apply. These classifica- 
tions shall be used to de te rmine  the spr inkler  system 
design criteria. 

2-1.1 Heavyweight Class. Inc ludes  p a p e r b o a r d  and 
paper stock having a basis weight [weight per  1000 ft 2 
(92.9 m2)] of 20 lb (9.1 kg) or greater.  

2-1.2 Mediumweight Class. Includes the broad range of 
papers  having a basis weight [weight per  1000 ft 2 (92.9 m'-')] 
of 10 lb to 20 lb (4.5 kg to 9.1 kg). 

2-1.3 Lightweight Class. Includes all papers  having a 
basis weight [weight per  1000 ft'-' (92.9 m2)] less than 10 lb 
(4.5 kg). 

2-1.4 Tissue .  Includes  the broad  range  of  papers  of  
characteristic gauzy texture, which in some cases are fairly 
transparent.  For the purposes of this s tandard,  tissue is 
defined as the soft, absorbent  type, regardless  of basis 
weight; specifically, crepe wadding and the sanitary class 
including facial tissue, paper  napkins, ba throom tissue, and 
toweling. 

Chapter 3 Building Construction 

3-1 Construction. 

3-1.1" Buildings used for storage of materials that are 
stored and protected in accordance with this s tandard shall 
be permit ted to be of  any of  the types described in NFPA 
220, Standard on Types of Building Construction. 

3-1.2 Adequate access shall be provided to all portions of 
the premises for fire-fighting purposes. 

3-2* Emergency Smoke and Heat Venting. The protec- 
tion outlined in this s tandard shall apply to buildings with 
or without roof  vents and draft  curtains. 

3-3* Structural Steel Protection. The  protect ion out- 
lined in this s tandard shall apply to buildings with or with- 
out f ireproofing or other  modes of  steel protection. 

Exception: Where modified by 4-2.2. 

Chapter 4 Storage Arrangement 

4-1 Pi l ing Procedures and Precautions. The floor load 
design shall take into account the added  weight of  water 
that could be absorbed dur ing  fire-fighting operations by 
ce r ta in  c o m m o d i t i e s  such as newspr in t ,  c o r r u g a t i n g  
medium, and tissue. 

4-2 Commodity Clearance. 

4-2.1 The  clearance between the top of storage and sprin- 
kler deflectors shall be in accordance with NFPA 13, Stan- 
dard,[or the Installation of Sprinkler Systems. 

Exception: Where modified by this standard. 

4-2.2 If the commodity is stored above the lower chord of 
roof  trusses, at least 1 ft (0.3 m) of  clear space shall be 
maintained to allow wetting of the truss unless the truss is 
protected with 1-hour fireproofing. 

4-2.3 Storage clearances fi-om ducts shall be maintained 
in accordance with NFPA 90B, Standard for the Installation of 
Warm Air Heating and Air Conditioning Systems, and NFPA 
91, Standard for Exhaust Systems for Air Conve3fing of Materials. 

4-2.4 The  clearance between stored materials and unit 
heaters, radiant  space heaters, duct furnaces, and flues 
shall not be less than 3 ft (0.9 m) in all directions or shall 
be in accordance with the clearance shown on the approval  
agency label. 

4-2.5* Clearance to lights or light fixtures shall be main- 
tained to prevent  possible ignition. 

4-2.6 Sufficient clearance a round  the path of  fire door  
travel and around fire extinguishing and protection equip- 
ment shall be maintained to ensure accessibility for inspec- 
tion and operat ional  use. 

4-3 Aisles. 

4-3.1 Wall aisles shall be at least 24 in. (600 mm) wide to 
minimize possible structural damage from roll paper  that 
expands with the absorption of  water. 

4-3.2* Aisles shall be maintained to re tard transfer of fire 
from one pile to another  and to allow convenient access for 
fire fighting, salvage, and removal of  storage. 
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Chapter 5 Fire Protection 

5-1 Automatic Sprinkler Systems. 

5-1.1 Sprinkler  systems installed in buildings or  struc- 
tures used for the storage of roll paper  shall be in accor- 
dance with NFPA 13, Standard for Installation Of Sprinkler 
S~,stems. 

Exception: Where modified by this chapter. 

5-1.1.1 Where buildings are occupied in part  for vertical 
roll paper  storage and only a port ion of the sprinkler sys- 
tem is hydraulically designed,  the design area shall extend 
not less than 20 ft (6.1 m) beyond the area occupied by the 
roll paper  storage. 

5-1.1.2 Wet-pipe systems shall be used in tissue storage 
areas. 

5-1.1.3 Horizontal  storage of heavyweight or  medium- 
weight paper  shall be protected as a closed array. 

5-1.1.4 Mediumweight  paper  shall be permi t ted  to be 
pro tec ted  as heavyweight  p a p e r  where  wrapped  com- 
pletely on the sides and both ends, or where wrapped  on 
the sides only with steel bands. 

W r a p p i n g  mater ia l  shall be e i ther  a single layer of  
heavyweight paper  with a basis weight of 40 lb (18.1 kg), or  
two layers of heavyweight paper  with a basis weight of less 
than 40 lb (18.1 kg). 

5-1.1.5 Lightweight paper  or tissue paper  shall be per- 
mitted to be pro tec ted  as mediumweight  pape r  where 
wrapped completely on the sides and both ends, or where 
wrapped on the sides only with steel bands. 

W r a p p i n g  mater ia l  shall be e i ther  a single layer of  
heavyweight paper  with a basis weight of 40 lb (18.1 kg), or 
two layers of heavyweight paper  with a basis weight of less 
than 40 lb (18.1 kg). 

5-1.1.6 For purposes of sprinkler  system design criteria, 
lightweight class paper  shall be protected as tissue. 

5-1.2 Storage Less than 10 ft (3.1 m) in Height. 

5-1.2.1 Storage of heavyweight or mediumweight  classes 
of rolled paper  up to 10 ft (3.1 m) in height shall be pro- 
tected by sprinklers designed in accordance with NFPA 13, 
Standard fi)r the Installation of Sprinkler Systems, tor Ord inary  
Hazard, Group 2 densities. 

5-1.2.2 Storage of tissue and lightweight classes of paper  up 
to 10 ft (3.1 m) in height shall be protected by sprinklers in 
accordance with NFPA 13, Standard for the Installation of Sprin- 
kler Systems, tor Extra Hazard, Group 1 densities. 

5-1.3 Spray Sprinklers. 

5-1.3.1 Sprinkler  design criteria for storage of roll paper  
10 ft (3.1 m) high and higher  in buildings or structures 
with roof  or ceilings up to 30 ft (9.1 m) shall be in accor- 
dance with Tables 5-1.3. lea) and (b). For definition of stor- 
age height, see Section 1-4. 

5-1.3.2 Large orifice sprinklers shall be used for new 
sprinkler system installations. 

Exception: The use o/extra large orifice sprinkler,~ shall be per- 
mitted where listed for such use and where re.stalled at a minimum 
operating pressure of 10 psi (69 kPa). 

5-1.3.3" Where  d ry-p ipe  systems are used in Heavy- 
weight (;lass or Mediumweight  Class storage areas, tt]e 
areas of operat ion indicated by Tables 5-1.3.1(a) and (b) 
shall be increased by 30 percent.  

5-1.3.4 The minimum discharge pressure from any sprin- 
kler in the design area shall not be less than 15 psi 
(105 kPa). 

5-1.3.5" High temperature  sprinklers shall be used for 
installations protecting roll paper  stored 15 ft (4.6 m) or 
higher. 

5-1.3.6 The  p ro tec t ion  area  pe r  sp r ink le r  shall not  
exceed 100 ft=' (9.3 m'-') or be less than 70 ft'-' (6.5 mZ). 

5-1.4 Large Drop Sprinklers. Where automatic sprinkler 
system protection utilizes large drop  sprinklers, hydraulic 
design criteria shall be as specified in Table 5-1.4. Design 
discharge pressure shall be 50 psi (350 kPa) in accordance 
with NFPA 13, Standard,for the Installation of Sprinkler S~s- 
terns. The number  of sprinklers to be calculated is indicated 
based on storage height, clearance, and system type. 

5-1.5 ESFR Sprinklers. Where automatic sprinkler sys- 
tem protection utilizes ESFR sprinklers, hydraulic design 
criteria shall be as specified in Table 5-1.5. Design dis- 
charge pressure shall be applied to 12 operat ing sprinklers 
in accordance with NFPA 13, Standard for the Installation of 
Sprinkler S~stems. 

5-2 High-Expansion Foam. 

5-2.1 Where high-expansion foam systems are installed in 
addit ion to automatic sprinklers, they shall be installed in 
accordance with NFPA 1 IA, Standard for Medium- and High- 
Expansion Foam S~'stems. 

Exception: Where mod!ped t~y this chapter. 

5-2.2 Where high-expansion toam systems are installed in 
Heavyweight Class and Mediumweight Class storage areas, 
sprinkler discharge design densities can be reduced to not 
less than 0.24 gpm/ft" [(10 lpm)/m"] with a minimum oper- 
ating area of 2000 lt ~ (186 m'). 

5-2.3 Where high-expansion toam systems are installed in 
tissue storage areas, sprinkler discharge densities and areas 
of application shall not be reduced below those provided in 
Tables 5-1.3.1(a) and (b). 

5-2.4 High-expansion foam svstems shall be automatic in 
operation.  

5-3 Water Supplies. 

5-3.1 The water supply system for automatic fire protec- 
tion systems shall be designed for a minimum durat ion of 
2 hours. 

Exception: For ESFR sprinklers, the water supply duration ~hall 
be 1 hour. 

5-3.2 At least 500 gpm (1893 lpm) shall be added  to the 
s p r i n k l e r  d e m a n d  for l a rge  and  small  hose s t r eam 
demand.  

I Exception." For ESFR sprinklers, the hose stream allowance shall 
he [br 250 gpm (947 lpm). 
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Table 5-1.3.1(a) Automatic Sprinkler System Design Criteria -- Spray Sprinklers for Buildings 
or Structures with Roof or Ceilings up to 30 ft (gpm/ft 2) 

Mediumweight Tissue 

Storage 
Height 

(ft) 

l0  
10 
15 
15 
20 
20 
25 

NO I'E 1: 
NOTE 2: 

Closed 
Array 

Clearance Banded or 
(ft) Unbanded 

<_5 0.3/2000 
> 5 0.3/20011 
<_5 0.3/21100 
> 5 0.3/2001t 
<_5 0.3/2000 
> 5 0.3/20011 
<_5 0.45/2500 

Heavyweight 

Standard Array 

Banded Unbanded Banded 

0.3/2000 0.3/21100 
0.3/2000 0.3/21100 
11.3/2000 0.3/2000 
0.3/2000 0.3/2000 
0.3/21100 0.3/2500 
0.3/251/0 0.3/31/00 

0.45/3000 0.45/3500 

Sprinkler ~)rotectmn requirements for tissue stored above 20 ft 
Densities or areas, or 

Open Array 

0.3/2000 
0.3/200(I 
0.3/2500 
0.3/3000 

0.45/3000 
0.45/3500 
(I.6/2500 

Closed 
Array 

Banded or 
Unbanded Unbanded 

0.3/2000 0.3/2000 
(/.3/2000 0.3/2000 
0.3/3000 0.3/2000 
0.3/3500 0.3/2000 

0.45/3500 0.3/2000 
0.45/4000 0.3/2500 
0.6/3000 0.45/3000 

have not been determined. 

Standard Array 

Banded Unhanded 

0.'~,/2000 0.312000 
0.3/2000 0.3/2000 
0.3/2000 0.45/2500 
0.3/2500 0.45/3000 

0.45/2500 0.6/2500 
0.45/3000 0.6/3000 
0.6/3000 0.75/2500 

both. shall be permitted to be lnterpulated between an)' 5-tt storage height increment. 

Open 
Array 

Banded or 
Unbanded 

0.3/2000 
0.3/2000 

0.45/2500 
0.45/3000 
0.6/2500 
0.6/3000 

0.75/250O 

All Storage 
Arrays 

0.45/201/0 
O.45/2500 
0.60/2000 
0 .6~3000  
0.75/2500 
0.75/3000 

Note 1 

Table 5-1.3.1(b) Automatic Sprinkler System Design Criteria -- Spray Sprinklers for Buildings 
or Structures with Roof or Ceilings up to 9.1 m [(lpm)/m ~] 

Storage 
Height 

(m) 

3.1 
3.1 
4.6 
4.6 
6.1 
6.1 
7.6 

NOTE 1: 
NOTE 2: 

Closed 
Array 

Banded or 
Unbanded 

Heavyweight Mediumweight Tissue 

Standard Array 
Clearance 

(m) 

<_1.5 12.2/185.8 
> 1.5 12.2/185.8 
<_1.5 12.2/185.8 
> 1.5 12.2/185.8 
<_1.5 12.2/185.8 
> 1.5 12.2/185.8 
<_1.5 18.3/232.3 

Sprinkler Jrotection re( 
Densities or areas, or both, shall be permitted to 

Banded Unhanded 

12.2/185.8 12.2/185.8 
12.2/185.8 12.2/185.8 
12.2/185.8 12.2/185.8 
12.2/185.8 12.2/185.8 
12.2/185.8 12.2/232.3 
12.2/232.3 12.2/278.7 
18.3/278.7 18.3/325.2 

uirements |br tissue stored 

Open Array 

Banded Unbanded 

12.2/185.8 12.2/185.8 
12.2/185.8 12.2/185.8 
12.2/232.3 12.2/278.7 
12.2/278.7 12.2/322.2 
18.3/278.7 18.3/325.2 
18.3/325.2 18.3/371.6 
24.5/232.3 24.5/278.7 

above 6.1 m have nut been 

Closed 
Array 

Banded or 
Unbanded 

12.2/185.8 
12.2/185.8 
12.2/185.8 
12.2/185.8 
12.2/185.81 
12.2/232.3] 
18.3/278.7 

determined. 
be interpolated between an7,' 1.5-m sturage 

Standard Array 

Banded Unbanded 

12.2/185.8 12.2/185.8 
12.2/185.8 12.2/185.8 
12.2/185.8 18.3/232.3 
12.2/232.3 18.3/278.7 
18.3/232.3 24.5/232.3 
18.3/278.7 24.5/278.7 
24.5/278.7 30.6/232.3 

hmght increment. 

Open 
Array 

Banded or 
Unbanded 

12.2/185.8i 
12.2/185.81 
18.3/232.3 
18.3/278.7 
24.5/232.3 
24.5/278.7 
30.6/232.3 

All Storage 
Arrays 

18.3/185.8 
18.3/232.3 
24.5/185.8 
24.5/278.7 
30.6/232.3 
30.6/278.7 

Note 1 

Table 5-1.4 Automatic Sprinkler System Design Criteria --  Large Drop Sprinklers (number of sprinklers to be calculated) 

Storage 
Height 

fit) (m) 

20 6.1 
20 6.1 
26 7.9 
26 7.9 

Clearance 
fit) (m) 

< 10 <3.1 
< 1 0  <3.1 
< 3 4  < 10.4 
< 3 4  < 10.4 

System 
Type 

W 
D 
W 
D 

Closed 
Array 

Banded or 
Unbanded 

15 
25 
15 

N/A 

W wet: D = dr}'; N/A = nut apphcable. 
Fur definltmn of storage height, see Section 1-4. 
N OT E: 

Heavyweight Mediumweight Tissue 

Standard Array 

Banded Unbanded 

15 15 
25 25 
15 15 

N/A N/A 

Open Array 

Banded Unbanded 

15 N/A 
N / A  N/A 
15 N/A 

N/A N/A 

Closed 
Array 

Banded or 
Unbanded 

15 
25 

N/A 
N/A 

Standard Array 

Banded Unbanded 

15 15 
25 25 

N/A N/A 
N/A N/A 

Open Array 

Banded Unbanded 

N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 

25 large drop sprinklers (ct 75 psi (5.2 bars) tor closed ur standard array, other arrays N/A. 

All 
Storage 
Arrays 

See Note 
N/A 
N/A 
N/A 

5°3.3 The water supply design shall include the demand of 
the automatic sprinkler system plus the hose stream demand 
plus, where provided, the high-expansion foam system. 

5-3.4 Hydrants. At locations without public hydrants, or 
where hydrants are not within 250 ft (75 m), private 
hydrants shall be installed in accordance with NFPA 24, 
Standard for the Installation of Private Fire Service Mains and 
Their Appurtenances. 

5-4 Manual Inside Protection. 

5-4.1 Small Hose  Systems. Small hoselines [11/2 in. 
(38.1 ram)] shall be available to reach all portions of the 
storage area. 

5-4.2 Portable Fire Extinguishers.  Portable fire extin- 
guishers shall be provided in accordance with NFPA 10, 
Standard for Portable Fire Extinguishers. 
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231F-8 STORAGE OF ROLL PAPER 

Table 5-1.5 Automatic Sprinkler Design Criteria -- ESFR Sprinklers 
(maximum height of storage permitted) 

ESFR 
K Factor 

11.0--11.5 
13.5--14.5 
13.5--14.5 

System 
Type 

Wet 
Wet 
Wet 

Building 
Height 

(ft) (m) 

Heavyweight Mediumweight Tissue 

Pressure Closed Standard Open Closed Standard Open All Arrays 
(psi) (bars) (ft) (m) (ft) (m) (fl) (m) (ft) (m) (ft) (m) (ft) (m) 

50 3.4 25 7.6 20 6.1 20 6.1 20 6.1 20 6.1 20 6.1 20 6.1 N/A 
50 3.4 30 9.1 25 7.6 25 7.6 25 7.6 25 7.6 25 7.6 25 7.6 N/A 
75 5.2 40 12.2 30 9.1 30 9.1 30 9.1 N/A N/A N/A N/A 

Fur definition of storage height, see Section 1-4. 
Pressure = Operating sprinkler discharge pressure. 

Exception: In storage areas where fixed, ll/2-in. (38. I-ram) 
hoselines are available to reach all portions of/he storage area, up 
to I/2 of the required complement of portable.fire extinguishers for 
Class A fires shall be permitted to be omitted. 

5-5 Maintenance. The  fire protect ion system shall be 
maintained in accordance with NFPA 25, Standard for the 
Inspection, Testing, and Maintenance of Water-Based Fire Pro- 
tection Systems. 

A fire watch shall be maintained when the sprinkler sys- 
tem is not in service. 

5-6 Fire Organization. 

5-6.1 Arrangements  shall be made to allow rapid entry 
into the premises by the municipal fire depar tment ,  police 
depar tment ,  or other  authorized personnel  in case of  fire 
or other emergency. 

5-6.2 Plant emergency organizations,  where provided,  
shall be instructed and t rained in the following procedures:  

(a) Maintenance of the security of the premises; 
(b) Means of summoning outside aid immediately in an 

emergency; 
(c) Use of hand extinguishers and small [ 11/2-in. (38.1-mm)] 

hoselines on incipient fires and mop-up operations; 
(d) Opera t ion  of  spr inkler  system and water supply 

equipment;  
(e) Use of  mater ial-handling equipment  while sprinklers 

are operat ing to effect final extinguishment;  
(f) Supervision of sprinkler  valves after the system is 

turned off so that the system can be reactivated if rekin- 
dling occurs; 

(g)* Employee safety dur ing  fire-fighting and mop-up 
operations,  including knowledge of  the hazard potential of 
roll paper  (i.e., collapse and tumbling); 

(h)* Operat ion of foam systems and appropr ia te  safetv 
and evacuation procedures.  

5-6.3 A fire watch shall be maintained when the sprinkler 
system is not in service. 

5-7 Alarm Service. An approved  alarm system including 
sprinkler system waterflow and supervisory alarms shall 
be provided in accordance with NFPA 72, National Fire 
Alarm Code. 

Exception: A local waterflow alarm ,shall be permitted where 
recorded guard service is provided or where the storage facilities 
are occupied on a 24-hour basis. 

Chapter  6 R e f e r e n c e d  Publ i ca t ions  

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

6-1.1 NFPA Publications. National Fire Protection Asso- 
ciation, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 
02269-9101. 

NFPA 10, Standard for Portable Fire Extinguishers, 1994 
edition. 

NFPA 11A, Standard for Medium- and High-Expansion 
Foam Systems, 1994 edition. 

NFPA 13, Standard for the Installation of Sprinkler S'~stems, 
1994 edition. 

NFPA 24, Standard for the Installation of Private Fire Ser- 
vice Mains and Their Appurtenances, 1995 edition. 

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

NFPA 72, National Fire Alarm Code, 1993 edition. 
NFPA 90B, Standard for the Installation of Warm Air Heat- 

ing and Air Conditioning Systems, 1993 edition. 
NFPA 91, Standard for the Exhaust Systems for Air Convey- 

ing of Materials, 1995 edition. 
NFPA 220, Standard on 7~vpes of Building Construction, 

1995 edition. 
NFPA 231C, Standard for Rack Storage of Materials, 1995 

edition. 

A p p e n d i x  A E x p l a n a t o r y  Material  

This Appendix is not a part of the requzrements of this NFPA document 
but is included for informational purposes onl, l. 

A-l - l .2  Existing Storage Facilities, Sprinkler  systems 
protecting existing roll paper  storage facilities should be 
evaluated in accordance with Tables A-l - l .2(a)  and (b). 
While fire can be controlled by the protection shown in 
Tables A-l - l .2(a)  and (b), greater  damage can occur when 
the densities in Tables A-l - l .2(a)  and (b) are used rather  
than those specified in Tables 5-1.3.1 (a) and (b). 

A- l -4  Approved.  The National Fire Protection Associa- 
tion does not approve,  inspect, or certify any installations, 
procedures,  equipment,  or materials; nor does it approve 
or evaluate testing laboratories. In determining the accept- 
ability of installations, procedures,  equipment,  or materials, 
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Table A-l-l.2(a) Automatic Sprinkler System Design Criteria -- Spray Sprinklers for Existing Storage Facilities (gpm/ft 2) 

Heavyweight Mediumweight 

Storage 
Height 

fit) 

10 
10 
15 
15 
20 
20 
25 
25 
30 

NOTE: 

Clearance 
(~) 

-<5 
>5 
-<5 
>5 
-<5 
>5 
-<5 
>5 
-<5 

Closed 
Array 

Banded or 
Unbanded 

0.2/2000 
0.2/2000 

0.25/2000 
0.25/2000 
0.3/2000 
0.3/2000 

0.45/25O0 
0.45/3000 
0.6/2500 

Standard Array 

Banded Unbanded 

0.2/2000 0.2/2000 
0.2/2000 0.2/2000 

0.25/2000 0.25/2500 
0.25/2000 0.25/2500 
0.3/2000 0.3/2500 
0.3/2500 0.3/3000 

0.45/3000 0.45/3500 
0.45/3500 0A5/4000 
0.6/3000 0.6/30/10 

Densities or areas, or both, can be interpolated between any 

Table A-l-l.2(b) 

Open Array 

Banded Unbanded 

0.25/2000 0.25/2000 
0.25/2500 0.25/2500 
0.3/2500 0.313000 
0.3/3000 0.3/3500 

0.45/3000 I).45/3500 
0.45/3500 0.45/4000 
0.6/2500 0.6/3000 
0.6/3000 0.6/3500 

0.75/2500 0.75/3000 

5-t~ ~torage height increment 

Closed 
Array 

Banded or 
Unbanded 

0.2/2000 
0.2/2000 

0.25/2000 
0.25/2000 
0.3/2000 
0.3/2500 

O.45/30O0 
0.45/3500 
0.6/4000 

Standard Array 

Banded Unbanded 

0.25/2000 0.3/2000 
0.25/2000 0.3/2000 
0.3/2000 0.45/2500 
0.3/2500 0.45/3000 

0.45/2500 0.6/2500 
0.45/3000 0.6/3000 
0.6/3000 0.75/2500 
0.6/3500 0.75/3000 

0.75/3000 0.75/3500 

Open 
Array 

Banded or 
Unbanded 

0.3/2000 
0.3/2000 
0.45/2500 
0.45/3000 
O.6/25O0 
0.6/3000 

0.75/2500 
0.75/30O0 
0.75/350O 

Automatic Sprinkler System Design Criteria -- Spray Sprinklers for Existing Storage Facilities [(lpm)/m ~] 

Storage 
Height 

(m) 

3.1 
3.1 
4.6 
4.6 
6.1 
6.1 
7.6 
7.6 
9.1 

Clearance 
(m) 

-<1.5 
>1.5 
-<1.5 
>1.5 
-<1.5 
>1.5 
-<1.5 
> 1.5 
-<1.5 

Closed 
Array 

Banded or 
Unbanded 

0.76/185.8 
0.76/185.8 
0.95/185.8 
0.95/185.8 
12.2/185.8 
12.2/185.8 
18.3/232.3 
183/278.7 

24.5/232.3 

NOTE" Densities or areas, 

Heavyweight Mediumweight 

Standard Array 

Banded Unbanded 

0.76/185.8 0.76/185.8 
0.76/185.8 0.76/185.8 
0.95/185.8 0.95/232.3 
0.95/185.8 0.95/232.3 
12.2/185.8 12.2/232.3 
12.2/232.3 12.2/278.7 
18.3/278.7 18.3/325.2 
18.3/325.2 18.3/371.6 
24.5/278.7 24.5/278.7 

Open Array 

Banded Unbanded 

0.95/185.8 0.95/185.8 
0.95/232.3 0.95/232.3 
12.2/232.3 12.2/278.7 
12.2/278.7 12.2/325.2 
18.3/278.7 18.3/325.2 
18.3/325.2 18.3/371.6 
24.5/232.3 24.5/278.7 
24.5/278.7 24.5/325.2 
30.6/232.3 30.6/278.7 

or both, can be interpolated between any 1.5-m 

Closed 
Array 

Banded or 
Unbanded 

0.76/185.8 
0.76/185.8 
0.95/185.8 
0.95/185.8 
12.2/185.8 
12.2/232.3 
18.3/278.7 
18.3/325.2 
24.5/371.6 

storage height increment. 

Standard Array 

Banded Unbanded 

0.95/185.8 12.2/185.8 
0.95/185.8 12.2/185.8 
12.2/185.8 18.3/232.3 
12.2/232.3 18.3/278.7 
18.3/232.3 24.5/232.3 
18.3/278.7 24.5/278.7 
24.5/278.7 30.6/232.3 
24.5/325.2 30.6/278.7 
30.6/278.7 30.6/325.2 

Open 
Array 

Banded or 
Unbanded 

12.2/185.8 
12.2/185.8 
18.3/232.3 
18.3/278.7 
24.5/232.3 
24.5/278.7 
30.6/232.3 
30.6/278.7 
30.6/325.2 

the author i ty  having jur i sd ic t ion  may base acceptance on 
compl iance  with NFPA or  o the r  app rop r i a t e  s tandards.  In 
the absence of  such standards,  said author i ty  may requ i re  
ev idence  o f  p r o p e r  installation, p rocedu re ,  or  nse. T h e  
authori ty  having jur i sd ic t ion  may also refer  to the listings 
or  labeling practices o f  an organiza t ion  c o n c e r n e d  with 
p roduc t  evaluat ions that is in a posit ion to d e t e r m i n e  com- 
pliance with appropr i a t e  s tandards  for the cu r r en t  p roduc-  
tion of  listed items. 

A- l -4  Array, Standard. T h e  occasional presence  of  par-  
tially used rolls on top of  co lumns  of  otherwise  un i fo rm 
d i a m e t e r  rolls does  not  apprec iab ly  affect the  b u r n i n g  
characteristics. 

A - l - 4  A u t h o r i t y  H a v i n g  J u r i s d i c t i o n .  T h e  p h r a s e  
"author i ty  having jur i sd ic t ion"  is used in NFPA documen t s  
in a b road  manne r ,  since jur isdic t ions  and approva l  agen-  
cies vary, as do their  responsibilities. Where  public safety is 
pr imary,  the author i ty  having jur i sd ic t ion  may be a fed- 
eral, state, local, or  o the r  regional  d e p a r t m e n t  or  individ- 
ual such as a fire chief; fire marshal ;  chief  of  a fire p reven-  
t ion bu reau ,  labor  d e p a r t m e n t ,  or  hea l th  d e p a r t m e n t ;  
bui ld ing  official; electrical inspector;  or  o thers  having stat- 
u tory  author i ty .  For  insurance  purposes ,  an insurance  
inspect ion depa r tmen t ,  ra t ing bureau ,  or  o ther  insurance  
company  representa t ive  may be the author i ty  having jur is-  
diction. In many  circumstances,  the p rope r ty  owner  o r  his 

or  he r  des ignated  agent  assumes the role of  the author i ty  
having jur isdic t ion;  at g o v e r n m e n t  installations, the com- 
m a n d i n g  off icer  o r  d e p a r t m e n t a l  official may  be the  
author i ty  having .jurisdiction. 

A - l - 4  Lis ted .  T h e  means  tor ident i fying listed equip-  
men t  may vary tor each organizat ion concerned  with prod-  
uct evaluation,  some of  which do not recognize  e q u i p m e n t  
as listed unless it is also labeled. T h e  authori ty having juris-  
diction should utilize the system employed  by the listing 
organiza t ion  to identify a listed product .  

A- l -4  Storage Height. T h e  size of  rolls and limitations of  
mechanical  hand l ing  e q u i p m e n t  should be cons idered  in 
de t e rmin ing  m a x i m u m  storage height.  

A-l -4  Storage Height, Wrapped Storage. Rolls that are 
complete ly  pro tec ted  with a heavyweight  kraft wrappe r  on 
both sides and ends  are subject to a r educed  deg ree  o f  fire 
hazard.  S tandard  methods  for wrapp ing  and capp ing  rolls 
are  out l ined in Figure  A-I-4.  

In some cases, rolls are  p ro tec ted  with laminated  wrap- 
pers,  using two sheets of  heavy kraft with a high t empera -  
ture  wax laminate  be tween  the sheets. W h e r e  using this 
me thod ,  the overal l  weight  o f  wax- lamina ted  wrappe r s  
should be based on the basis weight  pe r  1000 ft 2 (92.9 m'-') 
of  the ou te r  sheet  only, r a ther  than on the combined  basis 
weight  o f  the ou te r  and inner  laminated  w r a p p e r  sheets. A 
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proper ly  appl ied w r a p p e r  can have the effect of  chang ing  
the class of  a given pape r  to essentially that of  the w r a p p e r  
material .  T h e  effect of  apply ing  a wrappe r  to tissue has not  
been d e t e r m i n e d  by test. 

Wrapper 
Exterior wrapper 
Body wrapper 

General term for protective wrapping of sides 
and ends on roll. 

Body wrap 
Sleeve wrap 
Wrap - -  do not 
cap 

Wrapper placed around circumference of roll 
No heads or caps needed. 

Heads 
Headers 

Inside heads 

Outside heads 

Edge protectors 
Edge bands 

Overwrap 

Protection applied to the ends of the rolls (A and 
B). Heads do not lap over the end of the roll. 

Protection applied to the ends of the rolls 
next to the roll itself (B). The wrapper of 
the rolls is crimped down over these heads. 

Protection applied to the ends of the rolls on 
the outside (A). This head is applied after 
the wrapper is crimped. 

Refers to extra padding to prevent damage to 
roll edges (C). 

The distance the body wrap or wrapper overlaps 
itself (D). 

Roll cap A protective cover placed 
over the end of a roll. 
Edges of cap lap over the 
end of the roll and are 
secured to the sides of the 
roll. 

Figure A-l-4 Wrapping and capping terms and methods. 

A - I - 4  W e i g h t  o f  P a p e r .  S e e  A-2 .  

A-l -5  For conversions and information, see ASTM E 380, 
Standard Practice for Use of the International System of Units (SI). 

A-2 P a p e r  C l a s s i f i c a t i o n .  T h e s e  c lass i f ica t ions  w e r e  
der ived  f rom a series o f  large-scale and labora tory- type  
small-scale fire tests. It is recognized  that  not  all pape r  in a 
class burns  with exactly the same characteristics. 

Paper  can be soft or  hard ,  thick o r  thin, or  heavy or  light 
and can also be coated with various materials.  T h e  broad  
r ange  of  papers  can be classified acco rd ing  to var ious  
proper t ies .  One  impor t an t  p rope r ty  is basis weight,  which 
is def ined as the weight  of  a sheet  of  pape r  of  a specified 
area. Two broad  categories  are  recognized  by industry:  
pape r  and paperboard .  Paperboard  normal ly  has a basis 
weight  of  20 lb (9.1 kg) or  grea te r  measu red  on a sheet  

1000 ft 2 (92.9 m z) in area. Stock with a basis weight  less 
than 20 lb/1000 f(-' (9.1 kg/92.9 m'-') is normal ly  ca tegor ized 
as paper .  T h e  basis weight  of  pape r  is usually measured  on 
a sheet  3000 ft 2 (278.7 m 2) in area. T h e  basis weight  of  
pape r  can also be measu red  on the total area of  a ream of  
paper ,  which is normal ly  the case for the fbllowing types of  
pr in t ing  and wri t ing papers:  

Bond  pape r  - -  500 sheets 17 in. x 22 in. (432 m m  x 
559 mm)  = 1300 ft" (120.8 m'2)/ream 

Book pape r  - -  500 sheets 25 in. x 38 in. (635 m m  x 
965 ram) = 3300 ft'-' (306.6 mZ)/ream 

Index  pape r  - -  500 sheets 25.5 in. x 30.5 in. (648 m m  
x 775 mm) = 2700 ft 2 (250.8 m2)/ream 

Bristol pape r  - -  500 sheets 22.5 in. x 35 in. (572 m m  x 
889 mm)  = 2734 ft '  (254 m~)/ream 

Tag  pape r  - -  500 sheets 24 in. x 36 in. (610 m m  x 
914 mm) = 3000 ft" (278.7 m2)/ream 

For  the purposes  of  this s tandard,  all basis weights are 
expressed  in lb/1000 if-' (kg/92.9 m 2) of  paper .  To  deter-  
mine  the basis weight  pe r  1000 ft 2 (92.9 m 2) for papers  
measu red  on a sheet  of  different  area, the following for- 
mula  should be applied:  

_ basis weight  x 1000 
Basis weight  / 1000 ft=' measured  area  

Example:  To  de t e rmine  the basis weight  per  1000 ft" 
(92.9 m 2) of  16-1b (7.3-kg) bond  paper :  

16 lb 
- -  x 1 0 0 0  = 12.3 lb/1000 ft" 

1300 ft 2 

Large-  and small-scale fire tests indicate that the bu rn ing  
rate of  pape r  varies with the basis weight. Heavyweight  
pape r  burns  m o r e  slowly than l ightweight  paper .  Full-scale 
roll pape r  fire tests were  c o n d u c t e d  with the following 
types o f  paper :  

L inerboard  - -  42 lb/1000 f(-' (19.1 kg/92.9 m ~) nominal  
basis weight  

Newspr in t  - -  10 lb/1000 ft'-' (4.5 kg/92.9 m ~) nominal  
basis weight  

Tissue - -  5 lb/1000 ft'-' (2.3 kg/92.9 m ~) nomina l  basis 
weight  

T h e  rate of  f i respread over  the surface of  the tissue rolls 
was ex t remely  rapid  in the full-scale fire tests. T h e  rate of  
f i respread  ove r  the surface o f  the l i ne rboa rd  rolls was 
slower. Based on the overall  results of  these full-scale tests, 
a long with addi t ional  data  f rom small-scale testing of  vari- 
ous pape r  grades,  the broad  range  of  papers  has been clas- 
sified into three  major  categories  as follows: 

Heavyweight  - -  Basis weight of  20 lb /1000 ft ~ (9.1 kg/ 
92.9 m 2) or  greater  

Med iumweigh t  - -  Basis weight  of  10 lb to 20 lb /1000  ft ~ 
(4.5 kg to 9.1 kg/92.9 m ~) 

Lightweight  - -  Basis weight  o1" less than 10 l b / 1 0 0 0  ft ~ 
(4.5 kg/92.9 m 2) and tissues regardless  of  basis weight  

T h e  fo l lowing SI units were  used for convers ion  of  
English units: 

1 lb = 0.454 kg 
1 in. = 25.4 m m  
1 ft = 0.3048 m 
1 t't 2 = 0.0929 m'-' 
T h e  various types of  papers  normal ly  found in each of  

the three  major  categories are  i l lustrated in Table  A-2. 

A-3-1.1 Cons ide ra t ion  should  be given to subdiv id ing  
large-area warehouses  in o r d e r  to reduce  the a m o u n t  of  
stock that would be atti~cted by a single fire. 
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Table A-2 Paper Classification 

Medium- Light- 
Heavyweight weight weight Tissue 

Linerboards Bond & 
reproduction 

Medium Vellum 
Kraft roll wrappers Offset 
Milk carton board Tablet 
Folding carton board Computer 
Bristol board Envelope 
Tag Book 
Vellum bristol board Label 
Index Magazine 
Cupstock Butcher 
Pulp board Bag 

Newsprint 
(unwrapped) 

Carbonizing Toilet tissue 
tissue 

Cigarette Towel tissue 
Fruit wrap 
Onion skin 

It is recommended that walls or partit ions be provided 
to separate the storage area from manufacturing or other  
occupancies to prevent the possibility of transmission of 
fire or smoke between the two occupancies. 

A-3-2 Smoke  remova l  is i m p o r t a n t  to manua l  fire- 
fighting and overhaul. Since most fire tests were conducted 
without smoke and heat venting, the protection specified 
in Section 5-1 was developed without the use of such vent- 
ing. However, venting through eaveline windows, doors, 
gravity monitors, or mechanical exhaust systems is essen- 
tial to smoke removal after control of the fire is achieved. 
(See NFPA 204M, Guide for Smoke and Heat Venting.) 

A-3-3 With protection installed in accordance with this 
standard,  fire protection of  overhead steel and steel col- 
umns is not necessary. However, some lightweight beams 
and joists can distort and necessitate replacement,  particu- 
larly following fires involving plastic-wrapped rolls stored 
20 ft (6.1 m) and higher. 

A-4-2.5 Incandescent light fixtures should have shades or 
guards  to prevent  the ignition of commodity f iom hot 
bulbs where the possibility of contact with storage exists. 

A-4-3.2 Fire tests indicate  that  fire does not  sp read  
between piles that are separated by aisles of 8 ft (2.4 m) or 
greater  where sprinkler protection is provided in accor- 
dance with this s tandard .  Main aisles and cross aisles 
should be located opposite window or door  openings in 
exterior  walls. This is of part icular  importance in buildings 
where there are few exterior openings. 

A-5-1.3.3 In a dry-pipe system, the area increase of 30 
percent  should be compounded  [i.e., 2000 if-' (185.8 m'-') 
(1.67 for low temperature  sprinklers and 1.3 for dry-pipe 
systems) = 4343 It'-' (403.5 m ~) total area]. Where dry-pipe 
systems are used in existing installations, the areas of oper-  
ation indicated by Tables A- l - l .2 (a )  and (b) should be 
increased by 30 percent.  

A-5-1.3.5 Generally, more sprinklers open in fires involv- 
ing roll paper  storage protected by sprinklers rated below 
the high temperature  range. An increase of 67 percent  in 
the design area should be considered. 

A-5-6.2(g) Water  absorption and pile instability caused 
pile collapse in all large-scale fire tests of tissue paper.  This 
characteristic should be fully recognized where manually 
attacking a fire in tissue storage occupancies. 

A-5-6.2(h) In tormat ion  on emergency  organizat ion is 
provided in the tollowing publications: 

N FPA Industrial Fire Brigade Training Manual 
NFPA 600, Standard on Industrial Fire Brigade.~. 

A p p e n d i x  B S u m m a r y  o f  T e s t  R e s u l t s  

This Appe'ttd~x zs not a part of the requirements of this NFPA document 
but i.~ included ]br infi~rmational purposes m~(~'. 

This appendix  provides a summary of  the data devel- 
oped from the tissue test series of full-scale roll paper  tests 
conducted at the Factory Mutual Research Center, West 
Gloucester, RI. 

The  test bui ld ing is approx imate ly  200 ft × 250 ft 
[50,000 It'-' (4.65 km'-')] in area, of fire-resistive construction, 
and contains a volume of approximately 2.25 million ft :~ 
(63,761.86 m:~), the equivalent of a 100,000-if' (9.29-km 2) 
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 (9.1 m) high and the west section is 60 ft 
(18.29 m) high. 

The tissue test series was conducted in the 30-f~ (9. l-m) 
section, with clearances from the top of storage to the ceil- 
ing nominally 10 ti (3.1 m). 

Figure B-1 illustrates a typical storage array used in the 
tissue series of tests. 

The basic criteria used in judg ing  test failure included 
one or more of the following: 

(a) Firespread to the north end of the storage array; 
(b) Gas tempera tures  near  the ceiling mainta ined at 

high levels fbr a time judged  to be sufficient to endanger  
exposed structural steel; 

(c) Fire reaching the target stacks. 

N 

t 

(152 mm) I--* 

26 ft (7.9 m) 

i 

~ n  211/2 ft (6.6 m) 

*--I (152 mm) 8ft 
16 in. 16 in. (2.4 m) 

(406.4 mm) (152 mm) (406.4 mm) ~, 

0 Q - -  Target stack 
* Ignition location 

at base of array 

Tissue paper - 
approx. 20 ft (6 m) high 

~ )  Kraf-t tinerboard - 
6 rolls 20 ft (6 m) high 

Figure B-1 Plan view of typical tissue storage array. 
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Table B-I Summary of Roll Paper Tissue Tests 

Test number BI* B2 B3 B4 B5*** B6*** 

Test date 
Paper type 
Stack height [ft-in. (m)] 
Paper, banded 
Paper, wrapped 
Fuel array 
Clearance to ceiling 

[ft-in. (m)] 
Clearance to sprinklers 

[fi-in. (m)] 
Sprinkler orifice [in. 

(mm)] 
Sprinkler temp. rating [°F 

(°C)] 
Sprinkler spacing [fi x fi 

( m x  m)] 
Water pressure [psi (kPa)] 

Moisture content olF 
paper (c~) 

First sprinkler operation 
(min:sec) 

Total sprinklers open 
Final flow [gpm (lpm)] 
Sprinkler demand area 

[fl e (me)] 
Avg. discharge density 

gpm/ft 9 [(lpm)/m ~] 
Max. 1 rain avg. gas 

temp. over ignition [°F 
(°C)] 

Duration of high temp. 
within acceptable limits 

Max. l rain avg. fire 
plmne gas velocity over 
ignition [ft/sec (m/see)] 

Target ignited 
Extent of fire damage 

within acceptable limits 
Test duration (nfin) 

l (//4/79 7/23/80 7/30/80 10/15/80 7/28/82 8/5/82 
Tissue Tissue Tissue Tissue Tissue Tissue 
21-10 (6.66/ 20-0 (6.1) 21-8 (21.60) 18-6 (6.64) 19-10 (6.05) 25-3 (7.69) 
No No No No No No 
No No No No No No 
Std. Std. Std. Std. Std. Std. 
8-2 (2.49) 10-0 (3.05) 8-4 (2.54) 11-6 (3.51) 5-2 (1.58) 4-9 (1.45) 

7-7 (2.:H) 9-5 (2.87) 7-9 (2.36) 10-9 (3.28) 4-7 (1.40) 4-2 (1.27) 

17/32 (13.5) 17/32 (13.5) 17/32 (13.5) /).64 (16.33) 17/32 (13.5) 17/32 (13.5) 

280 (138) 280 (138) 280 1138) 280 (138) 280 (138) 280 (138) 

l0 x 10 10 x 10 10 x l0 10 × 10 10 × 10 I0 x 10 
(3.05 × 3.05) (3.05 × 3.05) (3.05 × 3.05) (3.05 × 3.05) CL05 x 3.05) (3.05 × 3.05) 
14 (0.67)** 60 (2.87) 95 (4.55) 50 (2.39) 138 (6.61) initial 138 (6.61) initial 

102 (4.88) final 88 (4.21) final 
9.3 9.3 10.2 6.0 8.2 9.2 

0:43 0:32 0:38 0:31 0:28 0:22 

88 33 26 64 17 29 
2575 (9746)** 1992 (7540) 1993 (7544) 4907 (18573) 1363 (5159) 2156 (8161) 
8800 (817.5) 3300 (306.6) 2600 (241.5) 6400 (595) 1700 (158) 2900 (269) 

0.29 (11.8)** 0.60 (24.4) 0.77 (31.4) -- 0.92 (37.5) initial 0.96 (39.1) initial 
0.80 (32.6) final 0.74 (30.2) final 

1680 (916)** 1463 (795) 1634 (890) 1519 (826) **** ***** 

No Yes Yes Marginal Yes Yes 

4(I.7 (12.4) 50.2 (15.3) 47.8 (14.6) -- -- 

Yes Yes No No No Briefly 
No No Marginal Marginal Yes Marginal 

17.4 20 20 25.5 45 45 

*Phase [ Test. 
**Pressure increased to 50 psi (345 kPa) at l0 ram. 
***Phase lIl tests decaying pressure. 
****Maximum steel temperature over ignition 341°F (172°C). 
*****Maximum steel temperature over igmtion 132°F (56°C). 

Table  B-2 outl ines the tissue test results. 
Fire tests have been conduc ted  on 20-fi (6. l-ln) and 25-ft 

(7.6-m) high vertical s torage o f  tissue with 10-ft (3. l -m) and 
5-ft (1.5-m) clear space to ceil ing in piles e x t e n d i n g  up to 
seven columns in one  direct ion and six co lumns  in the 
o the r  direct ion.  In these tests, target  co lumns  of  tissue 
were located directly across an 8-ft (2.4-m) aisle f rom the 
main pile. T h r e e  tests were conduc ted  using 17/:~,_,-in. 
(13.5-mm) 286°F (141°C) high t e m p e r a t u r e  sprinklers  on a 
100-ft 2 (9.3-m e) spacing and at constant  pressures  of  14 psi, 
60 psi, and 95 psi (97 kPa, 414 kPa, and 655 kPa), respec- 
tively. One  test was run  using 0.64-in. (16.3-ram) 286°F 
(141°C) high t empe ra tu r e  sprinklers  on a 100-ft'-' (9.3-m e) 
spacing at a constant  p ressure  of  50 psi (345 kPa). Two  
tests were conduc ted  following a scheduled  decay from an 
initial pressure  of  138 psi (952 kPa) to a design point  of  
59 psi (407 kPa) if  40 sprinklers opened .  T h e  significant 
characteristic of  these fire tests was the rapid  initial fire- 
spread across the surface of  the rolls. Ceil ing t empera tu re s  

were contro l led  d u r i n g  the decaying pressure  tests and 
d u r i n g  the h igher  constant  pressure  tests. With the excep- 
tion of  the 20-ft (6. l -m) high decaying pressure  test, the 
ex ten t  of  f i respread within the pile could not be clearly 
established.  Aisle j u m p  was expe r i enced ,  excep t  at the 
95-psi  (655-kPa) cons tan t  p ressure ,  20-ft (6. l -m)  h igh  
decaying pressure,  and large d rop  test. Water  absorpt ion 
and pile instability caused pile collapse in all tests. This  
characterist ic should be cons idered  where  manual ly  attack- 
ing a fire in tissue storage occupancies.  

Available fire exper ience  in roll tissue storage occupan-  
cies does not  correlate  well with the constant  pressure  full- 
scale fire tests with respect  to the n u m b e r  of  sprinklers  
opera t ing  and the extent  of  f i respread.  Bet ter  corre la t ion  
is no ted  with the decaying pressure  tests. Th i r t e en  fires 
r epo r t ed  in s torage occupancies  with s torage piles r ang ing  
f rom 10 ft to 20 ft (3.1 m to 6.1 in) h igh and pro tec ted  
by wet-pipe spr inkler  systems rang ing  fi 'om ord inary  haz- 
ard design densities to design densities of  0.6 gpm/f t  e 
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[(24.5 lpm) /m 2] were  con t ro l l ed  with an  ave rage  of  
17 sp r ink l e r  heads.  T h e  m a x i m u m  n u m b e r  o f  we t -p ipe  
s p r i n k l e r  heads  t ha t  o p e n e d  was 45 a n d  the  m i n i m u m  
n u m b e r  was five, versus  88 a n d  26, respect ively,  in the  
cons t an t  p re s su re  tests. Seven t een  s p r i n k l e r  h e a d s  o p e n e d  
in the  20-ft (6 . l -m)  h igh  decay ing  p r e s s u r e  test. O n e  actual  
fire in t issue s to rage  p r o v i d e d  wi th  a d r y - p i p e  sys tem 
o p e n e d  143 spr ink le rs  bu t  was r e p o r t e d  as con t ro l led .  

O n e  fire test  was c o n d u c t e d  with p l a s t i c -wrapped  rolls of  
heavyweigh t  kraf t  paper .  T h e  o n - e n d  s torage  was in a s tan-  
d a r d  conf igura t ion ,  20 ft (6.1 m) h igh  with 91/,.,-ft (2.9-m) 
c learance  to cei l ing spr inklers .  T h e  p re sc r ibed  0 .30-gpm/f t  ~ 
[(12.2-1pm)/m 2] densi ty  con t ro l l ed  the  f i r espread ,  bu t  p ro-  
tec t ion to roo f  steel was m a r g i n a l  to the  po in t  w h e r e  l ight  
beams  a n d  joists  m i g h t  be  expec t ed  to dis tor t .  A lower  
mo i s tu r e  c o n t e n t  in the  p a p e r  as a resu l t  of  the  p ro tec t ive  
plastic w r a p p i n g  was c o n s i d e r e d  to be  the  r e a s o n  for the  
h i g h e r  t e m p e r a t u r e s  in this test  as c o m p a r e d  to a s imilar  
test  whe re  the  rolls were  no t  w r a p p e d .  

A p p e n d i x  C R e f e r e n c e d  P u b l i c a t i o n s  

C-1 T h e  fol lowing d o c u m e n t s  or  po r t i ons  t h e r e o f  a re  ref- 
e r e n c e d  wi th in  this d o c u m e n t  for i n f o r m a t i o n a l  p u r p o s e s  

only  a n d  thus  a re  no t  c o n s i d e r e d  p a r t  of  the  r e q u i r e m e n t s  
of  this d o c u m e n t .  T h e  ed i t ion  ind ica t ed  for each  r e fe rence  
is the  c u r r e n t  ed i t ion  as o f  the  da te  o f  the  NFPA issuance 
of  this  d o c u m e n t .  

C- l .1  N F P A  Publ icat ions .  Nat iona l  Fire P ro tec t ion  Asso- 
ciat ion,  1 B a t t e r y m a r c h  Park,  P.O. Box 9101,  Quincy,  MA 
02269-9101.  

NFPA 13, Standard jbr the Installation of Sprinkler Systems, 
1994 edi t ion .  

NFPA 204M, Guide Jbr Smoke atut Heat Ve~zting, 1991 edition. 

NFPA 600, Sta~utard on huh~strial Fire Brigades, 1996 edition. 

C-1.2 Other  Publ icat ions .  

C-1.2.1 A S T M  Publ icat ion .  A m e r i c a n  Society for Tes t i ng  
a n d  Mater ials ,  1916 Race Street ,  Ph i l ade lph ia ,  PA 19103. 

ASTM E 380, Standard Practice for Use of the h~ternational 
System of Units (SI), 1993. 

C-1 .2 .2  I n s t a l l a t i o n  ru les  for  s p r i n k l e r  sys tems  u s i n g  
la rge  d r o p  sp r ink le r s  a re  avai lable  f rom Data  Shee t  2-7, 
F a c t o r y  M u t u a l  R e s e a r c h  C o r p o r a t i o n ,  1151 B o s t o n -  
P r o v i d e n c e  T u r n p i k e ,  Norwood ,  MA 02062.  
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Tentative Interim Amendment 

NFPA 231F 

Standard for the Storage of Roll Paper 

1996 Edition 

Reference~ Table 5-1.5 
TIA 96-1 (NFPA 231F) 

Pursuant to Section 5 of the NFPA Regulations Governing Committee Projects, the National Fire 
Protection Association has issued the following Tentative Interim Amendment to NFPA 231F, 
Standard for the Storage of Roll Paper, 1996 edition. The TIA was processed by the General Storage 
Committee, and was issued by the Standards Council on January 14, 1999, with an effective date of 
February 3, 1999. 

A Tentative Interim Amendment is tentative because it has not been processed through the entire 
standards-making procedures. It is interim because it is effective only between editions of the 
standard. A TIA automatically becomes a proposal of the proponent for the next edition of the 
standard; as such, it then is subject to all of the procedures of the standards-making process. 

1. Rev ise  Table 5-1.5 to read  as  fol lows: 

Table  5-1.5 T a b l e  2: A u t o m a t i c  S p r i n k l e r  D e s i g n  C r i t e r i a  m E S F R  S p r i n k l e r s  ( m a x i m u m  h e i g h t  of  s t o r a g e  p e r m i t t e d )  

ESFR 
K F a c t o r  

11.0-11 5 
13.5-14.5 
13,5-14.5 
23.9-26.5 
23.9-26.5 
23.9-26.5 

S y s t e m  P r e s s u r e  
Type  (psi)  ] ( b a r s )  

Wet 50 3.~ 
Wet 50 3.4 
Wet 75 5.2 
Wet 20 1.4 
Wet 40 2.7 
Wet 50 3.4 

Building 
Height  

(ft) (m)  

25 7.6 
30 9.1 
40 12.2 
30 9.1 
40 12.2 
45 13.7 

Heavywei l~ht  

Closed  
(ft) I (m)  

20 6.1 
25 7.6 
30 9.1 
25 7.6 
30 9.1 
30 9.1 

Standard  
(f t)  (m) 

20 6.1 
25 7.6 
30 9.1 
25 7.6 
30 9.1 
30 9.1 

0 ! ~n  
(ft)  (m) 

20 6.1 
25 7.6 
30 9.1 
25 7.6 
30 9.1 
30 9.1 

Closed  
( f t ) ,  (m)  

201 6.1 
25 7.6 

N/A 
20 I 6.1 
20 6.1 

N/A 

Mediumweight  

S t a n d a r d  
(f t )  (m) 

2 0  6.1 
25 7.6 

N/A 
20 I 6.1 
20 6.1 

N/A 

Ol pen 

(f t)  I (m)  
20 6.1 
25 7.6 

N/A 
20 [ 6.1 
20 6.1 

N/A 

Tissue  

All 
A r r a y s  

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

For,definition of storage height, see Section 1-4. 
Pressure = Operating sprinkler  discharge pressure. 
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The NFPA Codes and Standards Development Process 

Since 1896, one of the primary purposes of the NFPA has been to develop and update the standards covering 
all areas of fire safety. 

Calls for Proposals 
The code adoption process takes place twice each year and begins with a call for proposals from the public 
to amend existing codes and standards or to develop the content of new fire safety documents. 

Report on Proposals 
Upon receipt of public proposals, the technical committee members meet to review, consider, and act on the 
proposals. The public proposals - together with the committee action on each proposal and committee- 
generated proposals - are published in the NFPA's Report on Proposals (ROP). The ROP is then subject to 
public review and comment. 

Report on Comments 
These public comments are considered and acted upon by the appropriate technical committees. All public 
comments - together with the committee action on each comment - are published as the Committee's 
supplementary report in the NFPA's Report on Comments (ROC). 

The committee's report and supplementary report are then presented for adoption and open debate at either 
of NFPA's semi-annual meetings held throughout the United States and Canada. 

Association Action 
The Association meeting may, subject to review and issuance by the NFPA Standards Council, (a) adopt a 
report as published, (b) adopt a report as amended, contingent upon subsequent approval by the committee, 
(c) return a report to committee for further study, and (d) return a portion of a report to committee. 

Standards Council Action 
The Standards Council will make a judgement on whether or not to issue an NFPA document based upon the 
entire record before the Council, including the vote taken at the Association meeting on the technical 
committee's report. 

Voting Procedures 
Voting at an NFPA Annual or Fall Meeting is restricted to members of record for 180 days prior to the 
opening of the first general session of the meeting, except that individuals who join the Association at an 
Annual or Fall Meeting are entitled to vote at the next Fall or Annual Meeting. 

"Members" are defined by Article 3.2 of the Bylaws as individuals, firms, corporations, trade or professional 
associations, institutes, fire departments, fire brigades, and other public or private agencies desiring to 
advance the purposes of the Association. Each member shall have one vote in the affairs of the Association. 
Under Article 4.5 of the Bylaws, the vote of such a member shall be cast by that member individually or by 
an employee designated in writing by the member of record who has registered for the meeting. Such a 
designated person shall not be eligible to represent more than one voting privilege on each issue, nor cast 
more than one vote on each issue. 

Any member who wishes to designate an employee to cast that member's vote at an Association meeting in 
place of that member must provide that employee with written authorization to represent the member at the 
meeting. The authorization must be on company letterhead signed by the member of record, with the 
membership number indicated, and the authorization must be recorded with the President of NFPA or his 
designee before the start of the opening general session of the Meeting. That employee, irrespective of his 
or her own personal membership status, shall be privileged to cast only one vote on each issue before the 
Association. 



Sequence of Events Leading to Publication 
of an NFPA Committee Document 

Call for proposals to amend existing document or for recommendations on new document. 

Committee meets to act on proposals, to develop its own proposals, and to prepare its report. 

Committee votes on proposals by letter ballot. If two-thirds approve, report goes forward. 
Lacking two-thirds approval, report returns to committee. 

Report is published for public review and comment. (Report on Proposals - ROP) 

Committee meets to act on each public comment received. 

Committee votes on comments by letter ballot. If two-thirds approve, supplementary report goes 
forward. Lacking two-thirds approval, supplementary report returns to committee. 

Supplementary report is published for public review. (Report on Comments - ROC). 

NFPA membership meets (Annual or Fall Meeting) and acts on committee report (ROP and ROC). 

Committee votes on any amendments to report approved at NFPA Annual or Fall Meeting. 

Complaints to Standards Council on Association action must be filed 
within 20 days of the NFPA Annual or Fall Meeting. 

Standards Council decides, based on all evidence, whether or not to issue standard 
or to take other action, including hearing any complaints. 

Appeals to Board of Directors on Standards Council action must be filed 
within 20 days of Council action. 



F O R M  F O R  P R O P O S A L S  O N  N F P A  T E C H N I C A L  C O M M I T T E E  D O C U M E N T S  

Mail to: Secretary, Standards Council 
National Fire Protection Association, 1 Batterymarch Park, Quincy, Massachusetts 02269-9101 
Fax No. 617-770-3500 

Note:  All  proposals  must  be rece ived  by 5:00 p.m. E S T / E D S T  on the publ ished proposa l -c los ing  date. 

If you need further information on the standards-making process, please contact the 
Standards Administration Department at 617-984-7249.  

D a t e  9/18/93 

Company 

Name John B. Smith Tel .  No.  617-555-1212 

S t r e e t  A d d r e s s  9 Sea t t l e  St., Seat t le ,  W A  0 2 2 5 5  

Please Indicate Organization Represented (if any) Fire Marshals Assn. of North America 

1. a) N F P A  D o c u m e n t  T i t l e  National Fire Alarm Code N F P A  No. & Y e a r  NFPA 72, 1993 ed. 

b) S e c t i o n / P a r a g r a p h  1-5.8.1 (Exception No. 1) 

2. Proposal recommends: (Check one) 71 new t ex t  

[ ]  r ev i sed  t ex t  

~1 de le t ed  t ex t  

FOR OFFICE USE ONLY 

Log # 

Date Rec'd 

3. Proposal (include proposed new or revised wording, or identification of wording-to be deleted): (Note: Proposed 
text should be in legislative format: i.e., use underscore to denote wording to be inserted (inserted wording) and strike-through to denote wording to 
be deleted (~z'.=t:~ wcr~:.:g). 

Delete exception. 

4. S t a t e m e n t  of Problem a n d  S u b s t a n t i a t i o n  f o r P r o p o s a h  (Note: State the problem that will be resolved by your recommenda- 
tion; give the specific reason for your proposal ir~t~ding copies of tests, research papers, fire experience, etc. If more than 200 words, it may be 
abstracted for publication.) 

A properly installed and maintained system should be free of ground faults. The occurrence of one or more ground 
faults should be required to cause a "trouble" signal because it indicates a condition that could contribute to future 
malfunction of the system. Ground fault protection has been widely available on these systems for years and its cost is 
negligible. Requiring it on all systems will promote better installations, maintenance and reliability. 

5. ~ T h i s  P r o p o s a l  is original material. (Note: Original material is considered to be the submitter's own idea based on or as a result of 
his/her own experience, thought, or research and, to the best of his/her knowledge, is not copied from another source.) 

71 Th i s  P r o p o s a l  is not original material; its source ( if  k n o w n )  is as follows: 

Note 1 : Type or print legibly in black ink. 
Note 2: If supplementary material (photographs, diagrams, reports, etc.) is included, you may be required to submit sufficient copies for all mem- 
bers and alternates of the technical committee. 

I hereby grant NFPA the non-exclusive, royalty-free rights, including non-exclusive, royalty-free rights in copy- 

right, in this proposal and I understand that I acquire no rights in any publication of NFPA in which this proposal in 

this or another similar or analogous form is used. 

Slgnatur.=r__.~ (Requlred._=___~.) 

PLEASE USE S E P A R A T E  F O R M  FOR E A C H  PROPOSAL 


