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NOTICE

All guestions or other communications 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 Cominittees 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, P.O. Box 9101, Quincy. MA 02269-9101.

A statement. written or oral, that is not processed in accordance with Section 16 of the Regulations Governing
Committee 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 publication of this document, intend to urge action that is not in compliance with applicable laws, and
this document may not be construed as doing so.

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

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the toxicity of
the products of 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 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 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: (I)
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 lawmaking or rule-making process. B.
Once this NFPA Code or Standard has been adopted into law, all printings of this document by public authorities
with lawmaking or rule-making powers or any other persons desiring to reproduce this document or its contents
as adopted by the 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 vol-
unteers in continually updating and revising NFPA standards. Under certain circumstances, public authorities with
lawmaking or rule-making powers may apply for and may receive a special royalty where the public interest will
be served thereby.

3. Scope of License 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
Association, 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 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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Errata
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Reference: Figure 6-9.8, Figures 6-12(a)-(e), Section 7-6, Table 7-10.1 Note 1,
Figure 8-2 and 9-1.7

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

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

2. In Figures 6-12(a) through (e), Legend to curve F, replace the term “in-rack” with “ceil-
ing.”

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

4. In Table 7-10.1, Footnote 1, replace the term “pressure” with “discharge” and the term
“30 psi” with “30 gpm.”

5. In Figure 8-2, Part d, the last figure requiring 0.30 gpm per ft'/2000 {t, revise the phrase
“See Note 2 and Figure 8-2 part h” to read “See Note 3 and Figure 8-2 part i.”

6. In 9-1.7 the metric units were reversed. They should read: “80 ff* (7.4 m®)” and “100 f¢
(9.8m°).”

Issue Date: August, 1995

Copyright © 1995 All Rights Reserved :
NATIONAL FIRE PROTECTION ASSOCIATION

CHARLES'S. MORGAN LIBRARY
NATIONAL FIRE PROTECTION ASSOCIATION
1 BATTERYMARCH PARK
QUINCY MA 02260.0111
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This edition of NFPA 231C, Standard for Rack Storage of Materi(m: was prepared by the
Technical Committee on Rack Storage and acted on by the National Fire Protection
Association, Inc., at its Fall Meeting held November 14-16, 1994, in Toronto, Ontario.
Canada. It was issued by the Standards Council on January 13, 1995, with an effective
date of February 7, 1995, and supersedes all previous editions.

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

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

Origin and Development of NFPA 231C

In August 1967, representatives for rack manufacturers, fire protection equipment man-
ufacturers, the insurance community, and industrial users met and organized the Rack
Storage Fire Protection Committee. This committee developed and financially sponsored a
program of full-scale 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 changing certain recommendations to requirements, and new
material was added to the appendix. In 1973, it was revised further to include storage for
heights above 25 ft (7.6 m) and to relocate advisory material to Appendix A. In 1974, the
entire format was revised, editorial changes were made, and new material was added.

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

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

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

CHARLES S. MORGAN LIBRARY
NATIONAL FiRE PROTECTION ASSOCIATION
1 BATTERYMARCH PARK
QUINCY, MA 0272839101
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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 (1) following the number or letter designating a
paragraph or scction in the téxt indicates explanatory test
data and procedures with regard to that paragraph or sec-
tion in Appendix B.

Information on referenced publications can be found in

Chapter 13 and Appendix C.

"Chapter 1 Introduction

1-17 Application and Scope. This standard shall apply to
storage of materials representing the broad range of com-
modities stored in racks.

Exception:  Miscellaneons storage shall be permitied lo be pro-
tected in accordance with NFPA 13, Standard for the Installation
of Sprinkler Systems.

Storage on plastic pallets or plastic shelves is outside the
scope of this standard.

Storage of high hazard materials such as tires. roll paper
stored on end, and flammable liquids is outside the scope
of this standard. Storage of such commodities shall be pro-
tected in accordance with the provisions of NFPA 30,
Flammable and Combustible Liquids Code; NFPA 40, Standard
Jor the Storage and Handling of Cellulose Nitrate Motion Picture
Film, NFPA 58, Standard for the Storage and Handling of Lig-
uefied Petroleum Gases; NFPA 81, Standard for Fur Storage,
Fumigation and Cleaning; NFPA 231, Standard for General
Storage; NFPA 231D, Standard for Storage of Rubber Tires.
NFPA 231F, Standard for the Storage of Roll Paper; NFPA
232, Standard for the Protection of Records, and NFPA 490,
Code for the Stovage of Ammonium Nitrate, as applicable.

NOTE: Sce also NFPA 931E, Recommended Prachce Jor the
Storage of Baled Cotton.

Bin storage and shelf storage are outside the scope of
this standard.

1-1.1 Nothing in this standard is mtended to restrict new
technologies or alternate '111”11‘12;6‘1116“[5 provided the level
of safety prescribed by the standard is not reduced.

1-2 Retroactivity Clause. The provisions of this docu-
ment shall be considered necessary to provide a reasonable
level of protection from loss of life and property 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 effective date of
this document.

Exception:  In those cases where il is determined by the authority
having jurisdiction that the existing situation involves a distinct
hazard to life or property, this standard shall apply.

1995 Edition

1-3 Definitions. Unless specifically stated elsewhere, for
the purpose of this standard, the terms in this section shall
be defined as follows.

Aisle Width. The horizontal dimension between the face
of the loads in racks under consideration. [See Figure 1-3(a).]

End view

Plan view
Figure 1-3(a) Illustration of aisle width.
Approved. Acceptable to the authority having jurisdiction.

NOTE: The National Fire Protection Association does not
approve, inspect, or certify any installations, procedures,
equipment, or materials; nor does it approve or evaluate test-
ing laboratories. In determining the acceptability of installa-
tions, procedures, equipment, or materials, the authority hav-
ing jurisdiction may base acceptance on compliance with
NFPA or other appropriate standards. In the abscnce of such
standards, said authority may require evidence of proper
installation, procedure, or use. The authority having jurisdic-
tion may also refer to the listings or labeling practices of un
organization concerned with product evaluations that is in a
position to determine compliance with appropriate standards
for the current production of listed items.

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

NOTE: The phrase “authority having jurisdiction™ is used
in NFPA documents in a broad manner, since jurisdictions
and approval agencies vary, as do their responsibilities.
Where public safety is primary, the authority having juris-
diction may be a federal, state, local, or other regional
department or individual such as a fire chief; fire marshal;
chief of a fire prevention burcau, labor department, or
health department: building official: clectrical 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 or her designated agent assumes the
role of the authority having jurisdiction: at government
installations, the commanding officer or departmental oth-
cial may be the authority having jurisdiction,

Bulkhead. A vertcal barrier across the rack.

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

Commodity. The combinations of product, packing
material, and container upon which commodity classifica-
tion is based. ~

Conventional Pallets. A material-handling aid
designed to support a unit load with openings to provide
access for material-handling devices. [See Figure 1-3(b).]

Early Suppression Fast Response Sprinklers (ESFR). See
NFPA 13, Standard for the Installation of Sprinkler Systems.
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Solid flat bottom
wood pallet

Figure 1-3(b) Typical pallets.

Encapsulated. A merhod of packaging consisting of a
plastic sheet completely enclosing the sides and top of a
pallet load containing a combustible commodity or a com-
bustible package or a group of combustible commodities or
combustible packages. Combustible commodities individu-
ally wrapped in plastic sheeting and stored exposed in a
pallet load also are to be considered encapsulated.

Totally noncombustible commodities on wood pallets
enclosed only by a plastic sheet as described are not cov-
cred under this definition. Banding, i.e.. stretch-wrapping
around the sides only of a pallet load, is not considered 1o
be encapsulation. Where there are holes or voids in the
plastic or waterproof cover on the top of the carton that
exceed more than half of the area of the cover, the term
“encapsulated”™ shall not apply. The term encapsulated
does not apply to plastic-enclosed product or packages
inside a large, nonplastic, enclosed container.

Face Sprinklers. Standard sprinklers located in trans-
verse flue spaces along the aisle or in the rack, within 18 1.
(0.46 m) of the aisle face of storage and used to oppose
vertical development of fire on the external face of storage.

Free-Flowing Plastic Materials. Those plastics thar fall
out of their containers during a five, hll flue spaces, and
create a smothering eftect on the fire. Examples: powder,
pellets, flakes, or random-packed small objects [razor blade
dispensers, T-oz to 2-07 (28-g to 57-g) bottles, erc.].

Horizontal Barrier. A solid barrierin the horizontal posi-
tion covering the entire rack, including all flue spaces at cer-
tain height increments. to prevent vertical fire spread.

Labeled. Equipment or materials to which has been
attached a label, svmbol. or other identifying mark of an
organization that is acceptable to the authority having
jurisdiction and concerned with product evaluation that
maintains periodic inspection of production of labeled
equipment or materials and by whose labeling the manu-
facturer indicates compliance with appropriate standards
or performance in a specilied manner. ‘

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
muaintains 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 specihed manner.

NOTE: The means for identifyving listed equipment may
vary for cach organization concerned with product evalua-
tion, some ol 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 o denafy a listed product. '

Longitudinal Flue Space. The space between rows
of storage perpendicular to the direction of loading. [See
Figure 1-3(¢).]

— Conventional

pallet
[ b [ ] <~ \
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- . e R .
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—H = o HH-—
—
e I Rows of storage
Plan view

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

Miscellaneous Storage. Storage that does not exceed
12 ft (3.7 m) in height and is incidental o another occu-
pancy use group as defined in NFPA 13, Standard for the
Tnstallation of Sprinkler Systems. Such storage shall not consti-
tute more than 10 percent of the building area or 4000 ft°
(372 ") of the sprinklered arca, whichever is greater.
Such storage shall not exceed 1000 f* (93 m®) in one pile
or area, and each such pile or area shall be separated from
other storage areas by at least 25 ft (7.6 m).

Rack. Anv combination of vertical, horizontal, and diago-
nal members that supports stored materials. Some rack struc-
tures use solid shelves. Racks shall be permitted to be fixed,
portable, or movable [see Figures A-4-1(a) through (k)). Loading
shall be permitted to be either manual, using lift trucks,
stacker cranes, or hand placement: or automatic, using
machine controlled storage and retrieval svstems.

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

Mouvable Racks. Movable racks are racks on hxed rails or
guides. They can be moved back and forth only in a hori-
contal, two-dimensional plane. A moving aisle is created as
abutting racks are cither loaded or unloaded, then moved
across the aisle to abut other racks. Rack arrangements
generally result ‘in the same protection requirements as
those for multiple-row racks.
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Multiple-Row Racks. Multiple-row racks are racks greater
than 12 1t (3.7 m) wide or singlc\— or double-row racks sep-
arated by aisles less than 3.5 {t (1.1 m) wide having an
overall width greater than 12 ft (3.7 m).

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

Single-Row Rucks. Simgle-row racks are racks with no ton-
gnu(lm‘ll flue space and having a width up to 6 ft (1.8 m)
with aisles at least 3.5 ft (1.1 m) Irom other storage.

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

Shall. Indicates a mandatory requirement.

Shelf Storage. Storage on structures less than 30 in.
(7.62 cm) deep, with shelves usually 2 ft (0.6 m) apart verti-
cally and separated by approximately 30-in. (76.2-cm) aisles.

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

Slave Pallet. A special pallet captive to a material-
handling svstem. [See Figure 1-3(h).]

Solid Shelving. Solid shelving is solid, slatted, and
other types of shelving located within racks that obstruct
sprinkler water penetration down through the racks.

Transverse Flue Space. The spuace between rows of stor-
age parallel to the dircction of loading. [See Figure 1-3(¢).]

Chapter 2 Classification of Storage

2-17 Commodity Classifications.

2-1.1 Class I commoditics are defined as essentially non-
combustible products on wood pallets, or in ordinary cor-
rug: ated cartons with or without single-thickness dividers,
or in ordinary paper wrappings. all on wood pallets. Such

roducts shall be permitted to have a negligible amount of
[ Bt

plastic trim, such as knobs or handles.

Examples of Class T products include:

Foods. Foods in noncombustible containers: frozen foods:

. N . B . .

meats; fresh fruits and vegetables in nonplastic travs or
containers; dairy products in nonwax-coated paper con-
tainers: beer and wine, up to 20 percent alcohol. in metal,
glass, or ceramic containers.

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

Metal Products. Metal desks with plastic tops and trim:
clectrical coils; electrical devices in their metal enclosures:
pots and pans: electrical motors: dry cell batteries: metal
parts: empty cans; stoves; washers: dryers: metal cabincets.

Others. Oil-filled and other tvpes of distribution trans-
formers; cement in bags: electrical insulators: gypsum
board; inert pigments; dry insecticides.
2-1.2  Class 11 commodities are defined as Class T prod-
ucts 1n slatted wooden crates, solid wooden boxes, mulu-
wall corrugated cartons, or equivalent combustible packag-
ing material on wood pallers.

Examples of Class IT products incude:

Thinly coated fine wire such as radio coil wire on reels
or in cartons: incandescent or fluorescent light bulbs; beer
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or wine, up to 20 percent alcohol in wood contaimers; Class 1
products, if in small cartons or small packages placed in ordi-
nary paperboard cartons.

2-1.3  Class 11T commodities are defmed as wood, paper,
natural fiher cloth, and Group C plastics or products thereof
on wood pallets. Products shall be permitted to contain a lim-
ited amount of Group A or B plastics. Wood dressers with
plastic drawer ghdes. handles, and trim are examples of a
commodity containing a limited amount of plastic.

Examples of Class T products indude:

Leather Products. Shoes: jackets: gloves: luggage.

Paper Products. Books: magazines: newspapers; statio-
nery: plastic-coated paper food containers; paper or card-
board games; ussuce products; rolled paper on side or steel
l)‘m(led on end; regenerated cellulosics (cellophance).

Textiles. Natural fiber upholstered nonplastic furniture: wood
or metal furnituve with plastic padded and covered armrests;
mattresses without expanded plastic or rubber; absorbent cot-
ton in cartons; natural fiber and viscose yarns, thread, and
products; nataral fiber clothing or textile products.

Wood Products. Doors; windows: door and window
frames; combustible fiberboard; wood cabinets; furniture;
other wood products.

Others. Tobacco products in paperboard cartons: non-
Hammable liquids such as soaps, detergents and bleaches,
and nonflammable pharmaceuticals in plastic containers;
combustible foods and cereal products; non-negative-
producing film packs in sealed metal foil wrappers in
paperboard packages.

2-1.4 Class 1V commoditics are delined as Class 1, 11, and
HI products containing an appreciable amount of Group A
plastics in paperboard cartons or Class I, 11, and HI products
with Group A plastic packing in paperboard cartons on wood
pallets. Group B plastics and free-flowing Group A plastics
also are included in this class. (See Section 1-1.)

Examples of Class TV products include:

Small appliances, typewriters, and cameras with plastic
parts; plastic-hbacked tapes: and svnthetic fabrics or cloth-
ing. An ex: unplg of l)(ld\ln“ material is a metal product in
i [()dl]lt‘(l plastic cocoon in a corrugated carton,

Class TV commodities also include:

Textiles. Synthetic thread and yarn, except viscose: non-
viscose synthertic fabrics or clothing.

Others. Vinyl floor tile; wood or metal frume upholstered
furniture or mattresses with plastic covering or padding, ot
both; plastic-padded metal dashboards or metal bumpers.

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

NOTE: The tollowmg categories are based on unmaodified
plastic materials. The use of fire- or flame-retarding modifiers
or the physical form of the material can change the d(l\\lil((lll()l]

2-1.5.1 Group A.

ABS (acrylonitrile-butadiene-styrene copolymer)
Acetal (polviormaldehyde)

Acrvlic (polymethyl methacrvlate)

Bul\l rubber

EPDM (ethylene-propylene rubber)

FRP (fiberglass reinforced polyester)

Natural rubber (if expanded)

Nitrile rubber (acrylonitrile-butadiene rubber)
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PET (thermoplastic polyester)

Polvbutadiene

Polycarbonate

Polyester elastomer

Polyethvlene

Polvpropylene

Polystyrene

l’ulyuluh;me

PVC (polyvinyl chloride — highly plasticized, e.g.,
(:uatcd fabric, unsupported film)

SAN (styrene acrylonitrile)

SBR (styrene-butadiene rubber)

2-1.5.2 Group B.

Cellulosics (cellulose acetate, cellulose acctate butyrate,
cthyl cellulose)

Chloroprene rubber

Fluoroplastics (ECTFE — ethylene-chlorotrifluoro-
ethylene copolymer; ETFE — ecthylene-tetrafluoro-
ethvlene copolymer; FEP — fluorinated ethylene-
propylene copolymer)

Natural rubber (not expanded)

Nvlon (nylon 6, nylon 6/6)

Silicone rubber

2-1.5.3 Group C.

Fluoroplastics (PCTFE polvchlorotrifluoroethvlene;
PTFE — polytetrafluorocthylene)

Melamine (melamine formaldehyde)

Phenolic

PVC (polyvinyl chloride — rigid or hghtly plasticized,
e.g.. pipe. pipe fittings)

PVDC (polyvinvlidene chloride)

PVDF (polyvinylidene fluoride)

PVF (polyvinyl fluoride)

Urea (urea formaldehyde)

Chapter 3 Building Construction

3-1 Construction.
materials that are prolectcd in accordance with this stan-
dard shall be of any of the tvpes described in NFPA 220,
Standard on Types of Bulding Construction.

3-2 Fire Protection of Steel.

3-2.1%  With sprinkler systems installed in accordance
with Chapters 6 through 10, fire protection of roof steel
shall not be required.

3-2.2% Where ceiling sprinklers and sprinklers in racks
are installed in accordance with Chapters 5 through 8. fire
proteciion of steel building columns shall not be required.

3-2.31 Where storage height exceeds 15 ft (4.6 m) and
ceiling sprinklers <ml\ are 1!1\[<l“(_(] fire protection by one

of [hc following methods shall be required for all tipes of

steel building columns located within the racks or for ver-
tical rack members that support the building:

() One-hour fire proofing.

(b) Sidewall sprinklers at the 13-t (4.6-m) elevation,
pointed toward one side of the steel column.

(¢) Provision of ceiling sprinkler density for a minimum of

2000 fi* (185.9 m%) with 163°F (74°C) or 286°F (141°C) rated

Buildings used for the rack storage of

sprinklers as shown in Table 3-2.3(¢) for storage heights
above 15 ft (4.6 m), up to and incln\l(ling 20 ft (6.1 m).

(d) Provision of large drop or carly suppression [ast
response (ESFR) ceiling sprinkler protection in accordance
with Chapters 9 and [0, vespectively.

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

Aisle Width

Commodity Class 4 ft (1.22 m) 8 ft (2.44 m)
gpm/ft’ [(L/s)/m’]
I 037 0.33
3 0.4 0.37
I (.49 0.42
IV and Plastioy 0.68 0.57

NOTL:  For aise widths of 4 i to 81t (1.22 m 1o 2.4 m), a chirect linear
mterpolation between densities may be made,

3-317 Vents and Draft Curtains. Design curves are based
on the assumption that roof vents and draft curtains are
not being used. -

Chapter 4 Storage Arrangement
4-1* Rack Structure. Ruack configurations shall be of a
generally accepted arrangement.

4-2* Rack Loading. Racks shall not be loaded bevond
their design capacity.

4-3 Flue Space.

4-3.1*F  In double-row racks with height of storage up to
and including 25 ft (7.6 m), and without solid shelves, a lon-
gitudinal flue space (back-to-back clearance) is not necessarv.
Nominal 6-in. (152.4-mm) transverse flue space between
loads or ar rack uprights shall be maintained. Random varia-
tions in the width of the flue spaces or i their vertical align-
ment shall be permitted. (See Figiie 4-3.1.)

Exceplion: A longitudinal flue shadl be vequived where ESIR
sprinkler protection is provided.

4-3.2 In double-row racks with height of storage over
25 ft (7.6 m). a minimum longitudinal Huc space of (nomi-
nal) 6 m. (152.4 mm) shall be provided.

4-4% Aisle Widths.
4-4.1

material-handling methods.
sidered in the design of the protection system.
through 7.)

4-4.2  This standard contemplates aisle widths maintained
either by fixed rack structures or control in placing of por-
table racks. Any decreuse in aisle width shall require a
review of the adequacy of the protective system.

Aisle widths and depth of vacks are determined by
The width of aisles shall be con-
(See Chaplers 5

4-5*1 Storage Heights. The distance from the top of
storage to the ceiling sprinkler deflectors shall be not less
than 18 in. (.46 m).

Exception:  Wheve large-drop or ESFR sprinkler protection is
wsed, the distance from the top of stovage to the cetlimg sprinkler
deflectors shall be not less than 36 in. (0.91 m).
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1 N [ — Conventional dHh{H]
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Figure 4-3.1 Typical double-row rack with back-to-back loads.

4-6 Commodity Clearances.

4-6.1*  Commodity clearances shall be maintained in
accordance with NFPA 91, Standard for Exhaust Systems for
Ao Conveying of Materials. :

4-6.2% Incandescent Light Fixtures.

4-7%} Storage of Idle Combustible Pallets. Bulk storage
of idle combustible pullets shall be in accordance with
NEPA 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 lacilities shall be in accordance with the provisions of
this chapter.

5-1.2 The densities and arcas provided in the tables and
carves in Chapters 6 through 8 are based on fire tests
using standard response \ldl](l ud orifice [Vo in. (12.7 mmy]
and Lngc orifice ['750 in. (13.5 mm)] sprinklers. For the
use of large drop and ESFR sprinklegsgsee Chapters 9 and
10, respectively.

Exception:  The wse of extva-large orifice (ELO) sprinklers [Ty o
(159 mm)] shall be permitted where hsted for such wse and where
nstalled at a wardmem destgn: pressice of 10 psi (69 kPa).

5-2 Ceiling Sprinklers.

5-2.1*  Where automatic sprinkler syvstems are installed,
they shall be in accordance with NFEPA 13, Standard for the
Installation of Sprinkler Svstems.

Exceplion: Wherve modified by this stundard.

5-2.2* In buildings that are occupied in part for rack
storage of u)mmn(lmcx the ceiling sprinkler svstem design
\\nlnn 15 ft (.6 m) of the racks shall be the same as that
provided ftor the rack storage arca.
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5-3% Ceiling Sprinkler Spacing. For the purpose of select-
ing sprinkler spacing in hvdraulically destgned sprinkler sys-
tems to achieve a stpulated 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 arca protected
by a single system of sprinklers in racks (in-rack sprinklers)
shall not exceed 40,000 1t* (3716 %) of {loor area vecupied
by the racks, including aisles, regardless of the numbcx of
intcrmediate 5})11111\161 levels.

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

5-5.1* Where sprinklers are installed in racks, separate
indicating control valves and drains shall be provided and
arranged so that ceiling and im-rack sprinklers can be con-
wolled independently.

Exception No. 1: Installation of twenty or fewer in-rack spron-
Kklers supplied by any one cciling sprinkler system.

Exception No. 2: The separate indicating valves shall be permitied
{0 be arranged as seclional control valves wherve the racks occufry only
a portion of the area protected by celing sprinklers. (See 5-2.2.)

5-6 In-Rack Sprinkler Water Demand. The water
demund for sprinklers installed in racks shall be added to
the ceiling sprinkler water demand at the point of connec-
tion. The demand shall be balanced o the higher pressure.

5-7%% Sprinkler Waterflow Alarm.

5-8% Hose Connections. For first aid fire fighting and for
mop-up operations, small [1Ye in. (38.1 mm)] hosc lines
shall be available to cover all areas of the rack structure.
Such small hose shall be supplied from the following:

(1) Ourside hydrants

(b) A scparate piping system for small hose stations

(¢) Valved hose connections on sprinkler risers where
such connections are made upstream of all sprinkler con-
trol valves

{d) Adjacent sprinkler systems.

Exception:  Where separvately controlled in-rack sprinklers are
provided. the ceilimg sproekler system i the same arvea shatl be
perimitted 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 rhe sprinkler water
demand for Class I, 1L, 111 IV, and plastic commodities.

5-9.2 For combined inside and outside hose streams, an
allowance of at least 500 gpm (1893 L/min) shall be added
to the sprinkler water demand for Class I, 1L, T 1V, and
plastic commodities.

5-101 Duration of Water Supplies. For double-row
racks, the water supply duration shall be at least 1Yo hours
tor Class I, I1, and 111 commodities and at least 2 hours for
Class IV and Group A plastic commodities. For multiple-
row racks, the water supply duration shall be at least
2 hours for all classifications of commodities,

5-11 High-Expansion Foam.

5-11.1* Where high-expansion foam svstems are
mstalled, thev shall be in accordance with NFPA T1A,
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Standeard for Medivum- and High-Expansion Foam Svstems, and
they shall be automatic in operation. :

Exception:  Where modified by this standard.

5-11.2  Where 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.
Detectors shall be listed and shall be installed as tollows:

(@) At the ceiling onlv where installed at one-half listed”

linear spacing [e.g., 15 ft x 15 ft (4.6 m X 4.6 m) rather

than at 30 ft x 30 t(9.l m X 9.1 m)

LException:
ance from the top ()/ storage w\uu/\ 1O f1(3.1 m) or the haght of
stovage exceeds 25 fi (7. 6 my;

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

(¢) Where listed for rack storage installation And mstalled
in accordance with their lmmg to l)lo\l(lL 1csp<)nsc within
one minute after ignition using an ignition source equl\ alent
to that used in a rack storage testing program.

5-13 Solid and Slatted Shelves.

5-13.1*% Slatted shelves shall be considered to be equiva-
lent to solid shelves.

5-13.2% Sprinklers shall be installed at the ceiling and
bencath each shelf in double- or multiple-row racks with
solid shelves that obstruct both longitudinal and transverse
flue spaces. Design curves for u)ml)lncd ceiling and in-rack
sprinklers shall l)e used with this storage configuration.

5-141 Open-Top Combustible Containers.

5-15 Movable Racks. Rack storage in movable racks shall
be protected in the same manner as multiple-row racks.

Chapter 6 Fire Protection — Storage up to and
Including 25 ft (7.6 m) in Height

Part A General

(See also Chapter 3.)

6-1 General. For the stor age. of Class T through Class TV
commodities stored 12 ft (3.7 m) or less in helshr the
spr inkler design criteria for miscellaneous storage specified
in NFPA 13, bl(unlm(l Sfor the histallation of S/mn//m Systems,
shall apply.

6-2 In-Rack Sprinkler Type. Sprinklers in racks shall be
ordinary temperature standard response classification with
nominal Yo-in. (12.7-mm) orifice size. pendent or upright.
Sprinklers with 212°F (100°C) and 286°F (141°C) tempera-
ture ratings shall be used near heat sources as required by
NEPA 13, Standard for the Installation 0/ Sprinkler Systems.

Exception:  Quick-response sprinklers shall be permitted to be
imstalled in racks.

Celling detectors alone shall not be wsed wherve clear-

6-3 In-Rack Sprinkler Pipe Size. The number ol sprin-
klers and the pipe sizing on a line ol sprinklers in racks is
restricted only 'by hydraulic calculations and not by any
piping schedule.

6-41 In-Rack Sprinkler Water Shields. Watcr shiclds shall
be provided directly above in-rack sprinklers. or listed sprin-
klers equipped with water shields shall be used where there
1s more than one level, if not shielded by horizontal barriers.

6-5 In-Rack Sprinkler Location.

6-5.1*F The elevation of m-rack sprinkler deflectors with
respect to storage shall not be a consideration in single- or
double-row rack storage up to and including 20 ft (6.1 m) high.

6-5.2% In single- or double-row racks without solid
shelves with SL()I‘IU‘C over 20 ft (6.1 m) high, orin muluplu—
row racks, or in single- or double-row racks with solid
shelves and storage hcwht up to and including 25 t
(7.6 m), a minimum of 6 in. (152.4 mm) vertical (l(dl space
shall be maintained between the sprinkler deflectors and
the top of'a tier ot'storage. Sprinkler discharge shall not be
obstructed by horizontal rack memhetrs.

6-5.3 In-rack sprinklers at one level only for storage up
to and including 25 ft (7.6 m) high in sm(rlc— or (loul)k row
racks shall be lt)c(l[t(l at the fuxt tier lucl at or above one-
half of the storage height.

6-5.4 In-rack sprinklers at two levels only for storage up
to and including 25 ft (7.6 m) high shall be located at the
first tier level at or above one-third and two-thirds of the
storage height.

6-6 In-Rack Sprinkler Spacing.

6-6.1* Maximum horizontal spacing of sprinklers in
single- or double-row racks with nonencapsulated storage
up to and including 25 fr (7.6 m) in height shall be in
accordance with Table 6-6.1:

Table 6-6.1 In-Rack Sprinkler Spacing
Commodity Class
Aisle Widths Iand IT 111 v
S 19 ft 12 1t 3t
4 It 12 ft 3 Mt 3 [t

For STumits: 1 ft = 03048

For encapsulated storage, maximum horizontal spacing
shall be 8 {t (2.4+ m).

6-6.27 Sprinklers installed in racks shall be spaced with-
out regard to rack uprights.

6-71 In-Rack Sprinkler Discharge Pressure. Sprinklers
in racks shall discharge at nort less than 15 psi (103.4 kPa)
for all classes of commodities.

6-8F In-Rack Sprinkler Water Demand. The water
demand for sprinklers installed in racks shall be based on
simultaneous operation of the most hvdraulically remote
sprinklers as follows:

() Six sprinklers where onlv one level is installed
racks with Class I, 11, or Il commodites;
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(b) Eight sprinklers where only one level is installed in

racks with Class 1V commodities;

() Ten sprinklers (five on each two top levels) where
more than one level is installed 1n racks with Class 1, 11, or
111 commodities;

(d) Fourteen sprinklers (seven on cach two top levels)
where more than one level is installed mm racks with
Class 1V commodities.

6-9*F Ceiling Sprinkler Water Demand. The design
curves in Figures 6-12(a) through (g) shall apply to nomi-
nal 20-ft (6.1-m) height of storage.

6-9.1 'T'he design curves indicate water demands for nom-
inal 165°F (74°C) and nominal 286°F (141°C) rated sprin-
klers at the ceiling. The 165°F (74°C) design curves shall be
used for sprinklers with ordinary and intermediate tem-
perature classification but not less than 160°F (71°C) rat-
ing. The 286°F (141°C) rating design curve shall be used
for sprinklers with high temperature classilication.

6-9.2 For storage height up to and including 25 ft (7.6 m)
protected with (Cl]ln(f sprinklers only, and for storage
height up to and mdudmg 20 It (6.1 m) pxotcctcd with
Luhng sprinklers and minimum required in-rack sprin-
klers, densities obtained from design curves shall be
adjusted in accordance with Figure 6-9.2.

6-9.3 For storage height over 20 ft (6.1 m) up to and
mclu(llm_, 5 ft (7.6) plotected with ceiling sprinklers and
minimum required in-rack sprinklers, densities obtained
from design curves shall be used. Densities shall not be
adjusted in accordance with Figure 6-9.2.

Height of storage (m)

3.66
. . A ) ) i
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o
8 /
2 100
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CC» s
a A i
E 75 y.
S 4
& 60---4-F-}F--1-
2 :
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0 10 12 15 20 25 30 35

Height of storage (ft)

Figure 6-9.2 Ceiling sprinkler density vs storage height.
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Table 6-9.2 Adjustment to Ceiling Sprinkler Density for
Storage Height and In-Rack Sprinklers

Over 12 (0 (3.7 m)
through 20 1t (6.1 m)

mintmem buat not
[I] L\Ll\ tict

Storage Apply Permitted
Heigﬁt In-Rack Fig. Ceiling Sprinklers
(fo) Sprinklers 6-9.2 | Density Adjustments
Over 121413 7 m) None Yes [None
through 25 ft (7.6 m)
Minimum Yes [None
| required
More than Yes  [Reduce density

200 from that of
minimum m-rack
sprinklers

In every ter Yes | Reduce density
40% from that of
minimum m-rack
sprinklers
Minimum No  [None
| required
More than No  |Reduce density
minimum but not 20% from that of
e 00 1 (6 !
Over 20 ft (6.1 ) in every ter minumum m-rack
through 25 fi (7.6 m) sprinklers
In every tier No |Reduce densuy

40% from that ol
minunum n-rick
sprinklers

6-9.4 For storage height up to and including 20 ft (6.1 m)
protected with ceiling sprinklers and with more than one
level of in-rack sprinklers, but not in every tier, densities
obtained from design curves and adjusted in accordance
with Figure 6-9.2 shall be permitted to be reduced an addi-
tional 90 percent.

6-9.5 For storage height over 20 ft (() 1 m) up to and includ-
ing 25 {t (7.6 m) protected with ceiling sprinklers, and with

| more than the minimum required level of in-rack sprinklers,
but not in every tier, densities obtained from design curves
shall be permitted to be reduced 20 percent. Densities shall
not be adjusted in accordance with Figure 6-9.2.

6-9.6 For storage height up to and including 20 ft (6.1 m)
protected with ceiling sprinklers and in-rack sprinklers at
each tier. densities obtained from design curves and
adjusted in accordance with Figure 6-9.2 shall be permit-
ted to be reduced an additional 40 percent.

6-9.7 For storage height over 20 ft (6.1 m) up to and includ-
ing 25 fi (7.6 m) protected with ceiling sprinklers and in-rack
splml\lex at each tier, densities obtained from design curves
shall be permitted to be reduced 40 percent. Densities shall
not be adjusted in accordance with Figure 6-9.2.

| 6-9.8% Where clearance from ceiling to top of storage is
less than 4Ys {1t (1.37 m) (see Section 4-5), the sprinkler oper-
ating area indicated in curves E, F. G, and H in Figures
6-12(a) through (e) shall be permitted to be reduced as
indicated in Figure 6-9.8 but to not less than 2000 ft?
(185.8 m?). (See 6-9.9.)

6-9.9 Where clearance from ceiling to top of Class I or 11
encapsulated storage is 1Yo {t to 3 ft (0.46 m to 0.91 m), the
sprinkler operating area indicated in curve F only of Fig-
ure 6-12(e) shall be permirted to be reduced by 50 percent
but to not less than 2000 sq ft* (185.8 m°). -

6-9.10 Where solid. flat-bottom wood pallets are used,
with storage height up to and including 25 fr (7.6 m), the
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Reduced design area of sprinkler operation (m2)
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Figure 6-9.8 Adjustment of design area of sprinkler operation for clear-
ance from top of storage to ceiling.

densities indicated in the design curves, based on conven-
tional pallets, shall be increased 20 percent for the given
area. This percentage shall be applied to the density deter-
mined in accordance with Figure 6-9.2. This imcrease shall
not apply where in-rack sprinklers are installed.

6-10 High-Expansion Foam Submergence.

6-10.1* Where high-expansion foam systems are used
without sprinklers, the maximum submergence time shall
be 5 minutes for Class [, 11, or 111 commodities and 4 min-
utes for Class 1V commodities,

6-10.2 Where high-expansion foam systems are used in
combination with ceiling sprinklers, the maximum submer-
gence time shall be 7 minutes for Class 1. 11, or 1I com-
modities and 5 minutes for Class IV commodities.

6-11 High-Expansion Foam Ceiling Sprinkler Density.
Where high-expansion foam systems are used in combination
with ceiling sprinklers, the minimum ceiling sprinkler design
density shall be 0.2 gpn/ft” [(8.15 L/mln)/m ] for Class 1, 11,
or 111 commodities or 0.25 gpn/It* [(10.2 L/min ym?] for
Class lV COnllll()dl[l(.S for the most hydraulically remote
2000-ft” (185.8-m") oper ating area.

Part B Double- and Single-Row Racks

(See also Chapter 5.)

6-12* Ceiling Sprinkler Water Demand. TFor Class 1, 11,
111, or 1V commuodities encapsulated or nonencapsulated
in single- or double-row racks. ceiling sprinkler water

demand in terms ol density ( pm/f‘[“’) [(L/min)/m”] and area
of sprinkler operation [f* (m ) of ceiling or roof] shall he
selected from the curves in Figures 6- ]‘)(1) through (g).
The curves in Figures 6-12(a) though (g) also shall apply
to portable md\s arranged in the same manner as single-
or double-row racks or multiple-row racks. The design
shall be sufficient to satisty a single point on the appropri-
ate curve related ro the storage configuration and com-
modity class. It shall not be 1cquncd to mect all points on
the selected curve. Figure 6-9.2 shall be used to adjust the
density for storage height unless otherwise spcciﬁcd

6-12.1F Design curves for single- and doublc row racks
shall be selected to correspond to aislé width. For aisle
widths between 4 {t (1.22 m) and 8 {t (2.44 m), a direct lin-
car intcr})ol;lli(m berween curves shall be made. The den-
sity given for 8-ft,(2.44-m) wide aisles shall be applied to
aisles wider thait' 8 ft {2.44 m). The density given for 4-ft
(1.22-m) wide aisles shall be applied to aisles narrower than
4 11 (1.22 m) down to 3Ys ft (1.07 m). Where aisles are nar-
rower than 3% ft (1.07 m), racks shall be considered 1o be
multiple-row racks.

6-13 In-Rack Sprinkler Location. ~In single- or double-
row racks without solid shelves. in-rack sprinklers shall be
installed 1 accordance with Table 6-12

Part C Multiple-Row Racks

(See also Chapter 5.)

6-141 In-Rack Sprinkler Location. For encapsulated or
nonencapsulated storage in multiple-row racks no deeper than
16 1t (4.88 m) with aisles no narrower than 8 {t (2.44 m), in-rack
sprinklers shall be installed in accordance with Table 6-14.

6-14.1 For encapsulated or nonencapsulated storage in
muliiple-row racks deeper than 16 ft (4.88 m), or with
aisles less than 8 ft (2.44 m) wide, in-rack sprinklers shall
be installed in accordance with Table 6-14.1.

6-14.2* Maximum horizontal spacing of sprinklers on
branch lines, in multiple-row racks with encapsulated or non-
encapsulared storage up to and including 256 f{t (/ 6 m) n
height, shall not exceed 12 ft (3.7 m) for Class I, 11, or II]
commodities and 8 {t (2.44 m) for Class 1V commoditics, with
area limitations of 100 f* (9.29 m”) per sprinkler for Class 1.
11, or 111 commodities and 80 fi* (7.43 m”) per sprinkler for
Class 1V commodities. The rack plan view shall be considered
in determining the area covered by each sprinkler. The aisles
shall not be included in area calculations.

6-14.3 A minimum of 6 in. (152.4 mm) shall be main-
tained between the sprinkler deflector and the top of a tier
of storage.

6-15 Ceiling Sprinkler Water Demand.

6-15.1 For nonencapsulated Class 1. 11, I11, or 1V commod-
ilies ceiling spnnl\lc water demand in terms of density

)m/h) I(L/mm)/m 1 and area of sprinkler opcmtlon
[Ir (m?) of ceiling or roof] shall be selected from the curves in
Figures 6-12(a) through (). The curves in Figures 6-12(a)
through (d) also shall apply to portable racks armnge(l in the
same manner as single-, double-. or multiple-row racks.
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231C-12 RACK STORAGE OF MATERIALS

Table 6-12  Single- or Double-Row Racks. Storage Height up to and Including 25 ft, Aisles Wider than 4 ft, without Solid Shelves.

Aisles Ceiling Sprinkler Water Demand
(f) Sprinklers | With In-Rack Sprinklers | Without In-Rack Sprinklers
Commodity | Encap- | (4-4.1) | Mandatory Apply Fig. Apply Fig.
Height Class sulated | (B-6-11.2) | In-Rack Fig. |Curves 6-9.2 Fig. |Curves 6-9.2
No 4 No 6-12(a) | C&XD ' 6-12(a) | G&H Yes
| 8 A&B : E&F
Yes 4 No 6-12(e) | C&D 6-12(¢) | G&H Yes
= 8 A A&B E&F
= No 4 No 6-12(b) | C&D 6-12(b) | G&H | Yes
& i 8 A&B E&F
= 5 Yes 4 No 6-12(e) | C&D 6-12(e) | G&H Yes
2 —; 8 A&B | Ves E&F
£ = No 4 No 6-12(c) | C&D ‘ 6-12(c) | GRH Yes
SIE . 8 ALB E&F
- Yes 4 1 Level | 6-12(f) | C&D
= 8 ARB
- No 4 No 6-12(d)| C&D 6-12(d) | G&H Yes
v 3 ALB E&F
Yes 4 I Level |6-12(g)| C&D
8 AXB
No 4 No 6-12(a) | C&D 6-12(2) | G&H Yes
| 8 A&B E&F
Yes 4 1 Level [06-12(e) | C&D :
= 8 A&B
2 No 4 No 6-12(b) | C&D 6-12(b)y | G&H |. Yes
o i 8 A&B E&F
=5 Yes 1 Level [6-12(e)| C&D
S < 8 : A&B N
5 S No 1 No | 6-12(¢)] C&D N0 [ GrA | Yes
& . 8 ALB E&F
N Yes 4 1 Level [6-12¢f) | C&D
. 3 , A&B ,
- No 4 No [6-12(d)| C&D 612 | GaH Yes
v 8 A&B - | EXF
Yes 4 I Level [6-12(g)| C&D
8 . A&B ,
No 4 No 6-12(a) | C&D 6-12(a) | GRH Yes
| 8 A&B E&TF
Yes 4 1 Level 6-12(¢) | C&D
<~ 8 A&B
s No [ag 4 No 6-12(h)| C&D 6-12(b) | G&H Yes
= o I A&B E&F
Sl Yes 4 1 Level [6-12(e) | C&D
A5 8 A&B N
ol No 4 No  [6-12(0) ] C&D © 61200 [ GRH | Yes
o g - 8 A&B E&F
= Yes 4 1 Level | 6-12¢1) | C&D
= 8 A&B
- No 4 6-12(d) | C&D
, 8 ‘ A&B
I Yes I Plevel B 0@ CaD
8 ‘ ALB

For sl units: 1 {t = (L3048 m
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FIRE PROTECTION — STORAGE UP TO AND INCLUDING 25 1T (7.6 M) IN HEIGHT

231C-13

The design shall be sufhcient to satisfy a single point on the
appropriate curve related to the storage configuration and
commodity class. It shall nor be required to meet all points
on the selected curve. Figure 6-9.2 shall be used to adjust
density for storage height unless otherwise specified. (See
A-6-6.1 and A-0-12.)

6-15.2 For encapsulated Class I, 11, or IIT commodities
with storage height up to and induding 25 ft (7.6 m)

Ceiling sprinkler density (IJmin)/m2

on multiple-row racks. ceiling sprinkler density shall be
25 percent greater than for nonencapsulated commodities
on multiple-row racks.

6-15.3 For encapsulated Class [V commodities with storage
height up to and including 25 {t (7.6 m) on multiple-row
racks, ceiling sprinkler density shall be 50 percent greater
than for nonencapsulated commodities on double-row racks.

Curve Legend Curve Legend

A — Single-or double-row racks E — Single-or double-row racks

41 6.1 8.1 1?'2 122 143 183 183 with 8-ft (2.44-m) aisles with 8:ft (2.44-m) aisles
with 286°F (141°C) and 286°F (141°C) ceiling
6000 AIBC D\ E GF *-‘i 557 _ ceiling sprinklers and sprinklers.
& 1A NE 165°F (74°C) F — Single-or double-row racks
‘é’ TER A = in-rack sprinklers. with 8-ft (2.44-m) aisles
S 5000 LI \ 465 S B —Single-or double-row and 165°F (74°C) in-rack
® iy % \ i ® racks with 8-ft (2.44-m) sprinklers.
53 1 \ I aisles with 165°F (74°C) G — Single-or double-row racks
S \ o ceiling sprinklers with 4-ft (1.22-m) aisles
5 4000 \ 372 5 and 165°F (74°C) and 286°F (141°C) ceiling
< A \ \ \ = in-rack sprinklers. sprinklers.
= \ Y J ‘5 C — Single-or double-row racks H — Single-or double-row racks
2 3000 \ X 279 2 with 4-ft (1.22-m} aisles or with 4-ft (1.22-m) aisles
o \ \ A\ T o muitiple-row racks with and 165°F (74°C) ceiling
g YEE N II g 286°F (141°C) ceiling sprinklers.
< \ A ) sprinklers and 165°F (74°C) | — Multiple-row racks with
5 2000 117186 g in-rack sprinklers. 8-ft (2.44-m) or wider
‘g Single point 4+ ‘@ D —Single-or double-row racks aisles and 286°F (141°C)
a design only T [ with 4-ft (1.22-m) aisles or ceiling sprinklers.
1000 | N A IR 93 multiple-row racks with J — Multiple-row racks with
01 015 02 025 03 035 04 045 165°F (74°C) ceiling 8-ft (2.44-m) or wider

Ceiling sprinkler density (gpm/ftz)

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

aisles and 165°F (74°C)
ceiling sprinklers.

Figure 6-12(a) Sprinkler system design curves — 20-ft (6.1-m) high rack storage — Class I nonencapsulated commodities — conventional pallets.

Ceiling sprinkler density (L/min)/m2

Curve Legend Curve Legend

A — Single-or double-row racks E — Single-or double-row racks
41 6.1 8.1 10|'2 122 143 163 183 204 with 8-ft (2.44-m) aisles with 8-ft (2.44-m) aisles
. with 286°F (141°C) and 286°F (141°C) ceilin
6000 A BC ? E F ? H 567 ceiling sprinklers and sprinklers. ( ’
cht‘ NE 165°F (74°C) F -— Single-or double-row racks
= v \ = in-rack sprinklers. with 8-ft (2.44-m) aisles
S 5000 \ 111 VL \ 465 &' B —Single-or double-row and 165°F (74°C) in-rack
@ t ] racks with 8-ft (2.44-m) sprinklers.
o \ \ & aisles with 165°F (74°C) G — Single-or double-row racks
o L VA Y o ceiling sprinklers with 4-ft (1.22-m) aisles
& 4000 \ 372 % and 165°F (74°C) and 286°F (141°C) ceiling
£ A A\ = in-rack sprinklers.. sprinklers.
s A\ N J ‘5 C —Single-or double-row racks H — Single-or double-row racks
2 3000 AVEEAY \ 279 2 with 4-ft (1 22-m) aisles or with 4-ft (1.22-m) aisles
g N g multiple-row racks with and 165°F (74°C) ceiling
o \ N N . @ 286°F (141°C) ceiling sprinklers.
g 2000 X NERN N | . 186 2 §pr|nklers ;md 16§ F (74°C) | — Multiple-row rack; with
5 S in-rack sprinklers. 8-ft (2.44-m) or wider
'g Single point 'g D — Single-or double-row racks aisles and 286°F (141°C)
[a} designonly A with 4-ft (1.22-m) aisles or ceiling sprinklers.
1000 J L1111 g3 multiple-row racks with J — Multiple-row racks with
016 020 025 030 035 040 045 050 165°F (74°C) celling 8-ft (2.44-m) or wider

0.10

Ceiling sprinkler density (gpm/ftz)

Figure 6-12(b)

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

aisles and 165°F (74°C)
ceiling sprinklers.

Sprinkler system design curves — 20-ft (6.1-m) high rack storage — Class II nonencapsulated commodities — conventional pallets.
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RACK STORAGE OF MATERIALS

6.1

6000

I
A B
\

8.2

Ceiling sprinkler density (Umin)/m2

102 122 143 163 183 204

D| E FG H

Curve Legend

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

=1 O

\

567 ceiling sprinkiers and

\
\

165°F (74°C)

-

in-rack sprinklers.

5000

B — Single-or double-row

-t

465

racks with 8-ft (2.44-m)

aisles with 165°F (74°C)

ceiling sprinklers

4000

372 and 165°F (74°C)

in-rack sprinklers.

W
[

C — Single- or double-row racks

3000

279 with 4-ft (1.22-m) aisles or

multiple-row racks with

286°F (141°C) ceiling

2000

I A N

sprinklers and 165°F (74°C)

Design area of sprinkler operation (ftz)

1000

I Single point
design only
1I Ll 11} 93

186 in-rack sprinklers.

D — Single-or double-row racks
with 4-ft (1.22-m) aisles or

Design area of sprinkler operation (m2)

0.15

Figure 6-12(c)

8.2

6000

0.20

1(1.2

025 030 035 040 045 050

Ceiling sprinkler density (gpm/ftz)

Ceiling sprinkler density (lJmin)/m2

122 143 163 183 204 224

multiple-row racks with
165°F (74°C}) ceiling
sprinklers and 165°F (74°C)
in-rack sprinklers.

Sprinkler system design curves — 20-ft (6.1-m) high rack storage — Class IIl nonencapsulated commodities — conventional pallets.

Curve Legend

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

245

A
I

B C D E FG H
\ A \

557 ceiling sprinklers and

165°F (74°C)

\
\

AL\ \ AY

in-rack sprinklers.

5000

465 B — Single- or double-row

racks with 8-ft (2.44-m)

aisles with 165°F (74°C)

4000

ceiling sprinklers

372 and 165°F (74°C)

p.
4

in-rack sprinklers.

C — Single-or double-row racks

3000

with 4-ft (1.22-m) aisles or

279

mulfiple-row racks with

P d
Ve

p 4
4

286°F (141°C) ceiling

2000

/4

sprinklers and 165°F (74°C)

186

in-rack sprinklers.

D — Single-or double-row racks

Design area of sprinkler operation (ft2)

Design area of sprinkler operation (mz)

with 4-ft (1.22-m) aisles or

1000

0.20

Figure 6-12(d)
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0.25

030 035 040 045 050 055

A
Ceiling sprinkler density (gpm/ftz)

93 muitiple-row racks with
0.60 165°F (74°C) ceiling
sprinklers and 165°F (74°C)
in-rack sprinklers.

Curve Legend

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

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

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

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

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

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

Curve Legend

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

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

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

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

Sprinkler system design curves — 20-ft (6.1-m) high rack storage — Class IV nonencapsulated commodities — conventional pallets. |
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Ceiling sprinkler density (L/min)y/m?

6.1 8.2 102 122 14.3 16.3 183 20.4
I
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23000 NHD 279
[} A,
3 \ N E ] AN
& NER g
c 2000 h 186
2
(%}
D
o
1000 93
0.15 0.20 0.25 030 0.35 0.40 0.45 0.50

Ceiling sprinkler density (gpm/ftz)

Curve Legend

A — 8-ft (2.44-m) aisles with
286°F (141°C) ceiling
sprinklers and 165°F (74°C)
in-rack sprinklers.

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

C — 4-ft (1.22-m) aisles with
286°F (141°C) ceiling
sprinklers and 165°F (74°C)
in-rack sprinklers.

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

Design area of sprinkler operation (m2)

A
ay

Curve Legend

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

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

G —4-ft (1.22-m) aisles with
286°F (141°C) ceiling
sprinklers. '

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

Figure 6-12(e) Single- or double-row racks — 20-ft (6.1-m) high rack storage — sprinkler system design curves — Class I ang 11 encapsulated commodi-
ties -~ conventional pallets.

Ceiling sprinkler density (IJmin)/m2
6.1 8i2 102 122 143 163 183 204

6000 A BC D 557
® A W

oy

£ 5000 \ \ 465
o \

[

g \ \

5 4000 372
= \

€ \

&

2 3000 \ 279
o SN

3 N\

¢ 2000 XTI A 186
>

w

Q

a

1000 93

015 020 025 030 035 040 045 0.50

Ceiling sprinkler density (gpm/ftz)

Design area of sprinkler operation (mz)

Curve Legend

A — 8-ft (2.44-m) aisles with
286°F {141°C) ceiling
sprinklers and
165°F (74°C)
in-rack sprinklers.

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

Curve Legend

C — 4-ft (1.22-m) aisles with
286°F (141°C) ceiling
sprinklers and
165°F (74°C)
in-rack sprinklers.

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

Figure 6-12(f) Single- or double-row racks — 20-ft (6.1-m) high rack storage — sprinkler system design curves — Class I1I encapsulated commodities —
conventional pallets.
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231C-16 RACK STORAGE OF MATERLALS
Ceiling sprinkler density (L/min)/m? Curve Legend Curve Legend
102 122 143 163 183 204 224 245 A — 8-ft (2.44-m) aisles with C — 4-ft (1.22-m) aisles with
|‘ 286°F (141°C) ceiling 286°F (141°C) ceiling
A B IC D sprinklers and sprinklers and

__ 6000 1 557 — 165°F (74°C) 165°F (74°C)
< \ A 13 in-rack sprinklers. in-rack sprinklers.

c \ = B —8-ft (2.44-m) aisles with D — 4-ft (1.22-m) aisles with
2 5000 \ \ 465 £ 165°F (74°C) ceiling 165°F (74°C) ceiling
g \ g sprinklers and sprinklers and

a \ =3 165°F (74°C) 165°F (74°C)

5 4000 \ \ 372 5 in-rack sprinklers. in-rack sprinklers.

x AV L =

£ N £

& AY 5

2 3000 A 279 2

[] N o]

o X N 8

S 2000 AN N 186 o

h=y By

(72} (%]

3] [O]

a o

1000 93
025 030 0.35 040 045 050 055 0.60

Ceiling sprinkler density (gpm/ft2)

Figure 6-12(g) Single- or double-row racks — 20-ft (6.1-m) high rack storage — sprinkler system design curves — Class IV encapsulated commodities —
conventional pallets.

Table 6-14 Multiple-Row Racks. Rack Depth up to and Including 16 ft,
’ Aisles Wider than 8 ft, Storage Height up to 25 ft.

Ceiling Sprinkler Water Demand
Sprinklers With In-Rack Sprinklers Without In-Rack Sprinklers
Commodity | Encap- | Mandatory Apply Fig. Apply Fig.
Height Class sulated | In-Racks Fig. No. | Curves 6-9.2 1.25 x Density | Fig. No. | Curves 6-9.2 1.25 x Density
No 6-12¢a) No 6-12(2) I&] . ) No
! N ) - Yes ——
Ve N 6-12(0) Yes 6-12¢0) I&] Yes
0
No ‘ 6-12(b) No B2y |1y , No
Over 121 1 — : : Yes
up to and Yes 6-12(hy | C&D N Yes 6-12(h) 18] Yes
g ! o
mt}“jf:i“% . No No H-1210) No 6-12(0) 14 Ve No
5 5
. Yes I level 6-12(¢) Yoo .
v No No 6-12¢d) No G-12(ch) C&D No No
Yes I level 6-12(d) A&LB 1.50 x density
. No G-12¢3 ) No 6.12(ay 1&] N No
ey ;
Yoo ) 6-12(a) Yes 6-12(a) 18] Yeo
()
. No &5 6-12¢h) No G-12(1) 1&] No
Over 15 ft I1 P . - * Yes
up to and Yes 6-12¢h) C&D v Yes 6-12(h) 1X] Yes
- e
lllg[;;(}i“g N No No 6-12() No 6-12(0) 1] Yes " No
- Yes 1 level 6-12(0) Yes
No 6-12(d) No
v I Level
Yes 6-12(d) ALB 1.50 8 density
| Na No 6-12(a) No o [ 1y | Yes No
Yes I level 6-12(a) N Yes
O 90 1t " No 6-12(b) No
ver Y O v
. Ye 6-12(h) C&D Yes
\1[)110 l«m((? € 1 Jevel : (h No oy
mcluding 0 No 6-12() No
=D
Yos 6-12(0) Yes
—
) No O-12¢0) No
v 2 levels -
Yes 6-12¢d) ALB 1.50 x density

For ST units: 1t = 03048 m
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Table 6-14.1 Multiple-Row Racks; Rack Depth Over 16 ft or Aisles
Narrower than 8 ft, Storage Height up to and Including 25 ft.

Ceiling Sprinkler Water Demand
. Sprinklers With In-Rack Sprinklers Without In-Rack Sprinklers
Commodity | Encap- | Mandatory Apply Fig. ) ) Apply Fig. )
Height Class sulated | In-Racks Fig. No. | Curves 6-9.2 1.25 x Density Fig. No. | Curves 6-9.2 1.25 x Density
No 6-12(a) No 6-12() 1&] . No
I > Yes
Yes 6-12(a) Yes 6-12(0) 1&] Yes
o 1o ” No No 6-12(b) No 6-12(h) 1&] N No
v 12 e g s
l‘l; to and Yes 6-12(b) . , Yes 6-12(b) 18] Yes
luding . — C&D Yes - -
”“1“(“ 8 . No 6-12(c) No 6-12(¢) 1&] Yes No
Y
Yes 1 level O-12(¢) Yes
W No No 6-12(d) No 6-12(d) c&D No™ - No
Yes I level 6-12() 1.50 x density
| No 0-12(a) No
Yes 6-12(0) Yes ey
0 5 " No 6- 1"(1)) No
ver 15 it : - —
UP-IM{:'““I Yoo 1 level 12h) C&D- Yes Yes
mﬂ)t;‘[:”% "t No 6-12(c) No
- Yes ~6-12(¢) Yes
v No 6-12(d) No
Yes 6-12(0) 1.50 X density
| - No ’ G-12(a) No
Yes 6-120a) Yes
o 00 i . No ' | level 6-12(b) No
ver 200 ft —— cve
. Yos 6-12(h Yes
up to {““fr‘ - 2O Gen No a
L“"l(illn . No 6-12(c) No
Yes . 6-12(¢) Yes
No 6-12(d) No
1V 2 levels - - -
Yes 6-12(d) 150 x density J

For STamits: 1 {t = 0.3048 m

Chapter 7 Fire Protection — Storage over 25 ft
(7.6 m) in Height

Part A General

7-1 In-Rack Sprinkler Type. Sprinklers in racks shall be
ordinary temperature standard response classification with
nominal Yo-in. (12.7-mm) or 7se-in. (13.5-mm) 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 in N¥PA 13, Standard for the Installation

‘of Sprinkler Systems.

Exception:  Quick-response sprinklers shall be permitted to be
installed in racks.

7-2 In-Rack Sprinkler Spacing. In-rack sprinklers shall
be staggered horizontally and vertically where installed in
accordance with Table 7-10.1, Figures 7-10.1(a) through
()), and Figures 7-10.3(a) through (e).

7-3 In-Rack Sprinkler Pipe Size. The number of sprin-
klers and the pipe sizing on a line of sprinklers in racks
shall be restricted only by hvdraulic calculations and not by
any piping schedule.

7-4 In-Rack Sprinkler Water Shields. Water shields shall
be provided directly above in-rack sprinklers, or listed
sprinklers equipped with water shields shall be provided
where there is more than one level, if not shielded by hor-
izontal barriers. (Se¢ B-6-4.)

7-5 In-Rack Sprinkler Location. In single-row, double-
row, or multiple-row racks, a minimum 6-in. (152.4-mm) ver-
tical 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 mm)
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 (0.6]1 m) from rack uprights.

E \‘('t’/)lio'n: Where the distance between wuprights is less than 4 ft
(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 gpm (113.6 L/min)
for all classes of commodities. (See B-6-8.)

7-7 In-Rack Sprinkler Water Demand.

7-7.1 The water demand for sprinklers installed in racks
shall be based on simultancous operation of the most
hydraulically remote sprinklers as follows:

() Six sprinklers where only one level is installed in
racks with Class I, 11, or 111 commodities;

{(b) Eight sprinklers where only one level is installed in
racks with Class 1V commodities;

(¢) Ten iprinklers (five on ecach two top levels) where
more than one level 1s 1mtalled in racks with Class I, 11, or
I11 commodities:

(d) Fourteen sprinklers (seven on each two top levels)
where more than one level 1s installed in racks with Class
IV commodities.
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7-8 High-Expansion Foam Submergence. Where high-
expansion foam systems are used for storage over 25 ft
(7.6 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 minutes for Class I, 11, or 111 commodities and

4 minutes for Class IV commodities.

7-9 High-Expansion Foam—Ceiling Sprinkler Water
Demand. Where high-expansion foam is used in combi-
nation with ceiling sprinklers, the mlmmum ceiling spnn—
kler design density shall be 0.2 (Tpm/{t [(8.15 L/min)/m~ ]
for Class 1, II, or Il commodities and 0.25 gpm/[t'
[(10.2 I/min)m”] for Class IV commoditics for the most
hydraulically remote 2000-ft* (185.8-m?) area.

Part B Double- and Single-Row Racks

7-10 In-Rack Sprinkler Location.

7-10.1 1In double-row racks without solid shelves and with o
maximum of 10 ft (3.1 m) between the top of storageand the
ceiling, in-rack sprinklers shall be installed in accordance with
Table 7-10.1 and Figures 7-10.1(a) through (j). The highest
level of in-rack sprinklers shall be not more than 10 ft (3.1 m)
below the top of storage. (See Section 7-11.)

7-10.2  In-rack sprinklers for storage higher than 25 ft (7.6 m)
in double-row racks shall be spaced horizontally and located in
the horizontal space nearest the vertical intervals specified in
Table 7-10.1 and Figures 7-10.1(a) through (j).

7-10.3*  In single-row racks without solid shelves with storage
height over 25 ft (7.6 m) and a maximum of 10 ft (3.1 m)
between the top of storage and the ceiling, sprinklers shall be
installed in accordance with Figures 7-10.3(a) through (e).

7-11* In-Rack Sprinkler Horizontal Barriers. Horizon-
tal barriers used in conjunction with in-rack sprinklers to
impede vertical fire development shall be constructed of
sheet metal, wood, or similar material and shall extend
the full length and width of the rack. Barriers shall be fit-
ted within 2 in. (50.8 mm) horizontally around rack
uprights. [Sec Table 7-10.1, Figures 7-10.1(a), (g), and (j), and
Figures 7-10.3(c) and (¢).]

7-12 Ceiling Sprinkler Water Demand.

-12.1*f The water demand for 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 (3.1 m) between
the top of storage and the sprinklers shall be based on spr in-
klers in a 2000-ft° (185. 8-m *) operating area, discharging a
minimum of 0.25 5})111/& [(10.18 I/mm)/m 1 for Class 1 com-
modities, 0.3 gpm/ft’ [(12.2 L/min)/m® ] for Class 11 and II1

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

In-rack sprinklers — approximate Maxi . Ceiling Sprmkler Density
. . LEn . aximum Ceiling /5q ft
vertical spacing at tier nearest Fig. . (gpm/sq )
. A . . Storage Stagger | Sprinkler
Commodity the vertical distance and maximum No. . L. Clearance’
. L2 Height Operating .
Class horizontal spacing up to 10 ft
Longltudmal Face ** 165° 286°
Flue®
Vcrl'u,dl 20 fu
Horizontal 10 ft 7-10.1() 30 1t No 0.25 0.35
I under horizontal 92000 i :
barriers = 1
Vertical 20 ft Vertical 20 f - Higher than . : oF ;
Horizontal 10 ft Horizontal 10 {i 7-10.1(b) 25 fi Yes » 0.25 0.85
Vertical 10 ft
orat 15 ft & 25 {t None 7-10.1(c) 30 (t Yes 0.30 0.40
Horizontal 10 ft )
Vertical 10 fi Vertical 30 i - : : .
Horizontal 10 ft Horizontal 10 fi 7-10.1(d) Yes .. 0.30 040
Vertical 20 fi Vertical 20 ft . e ) . 5
I, 11, & 111 Horizontal 10 ft Horizontal 5 ft 10.1(c) Yes 2000 17 0.30 0.40
Vertical 25 11 Vertical 25 ft Higher than . ]
Horizontal 5 ft Horizontal 5 ft 7-10.1 25 i No 0.30 0.40
Horizontal barriers at 20 ft.-Vertical
intervals—2 hnes of’ sjnml\lus 7-10.1(¢) Ves 0.50 0.40
under barriers—maximuim 8 ’ - :
horizontal spacing 10 fi staggered.
Vertical 15 (i Vertical 20 ft - Vo - .
* Horizontal 10 fi Horizontal 10 fi 7-10.1(h) Yes 0-35 . 0-45
Vertical 20 fi Vertical 20 ft - . . : ar -
I, 11, 111, Horizontal 51t Horizontal 5 ft 7-10.16) Higher than No 2000 fi 0.35 045
&1V Horizontal barriers at 15 ft. Vertical 25 ft -
imtervals—2 lines of sprinkler - : . ar =
under barrier \—lIld\i}I)I]UI]] 7-10.10) Yes 0.35 0‘.4"
horizontal spacing 10 ft staggered

For ST Unus: 1 {t = 0.3048 m

Footnotes to Table 7-10.1

"Mmimum in-rack sprinkler pressure, 30 psi (2.1 bar) (Section 7-6).
Water shiclds required (Section 6-4 and Section 7-4).

Install sprinklers at least 2 ft (0.61 m) Irom uprights (A-6-5.1).
Install sprimklers at least 3 in. (76.2 mm) from uprights (Section 7-5).
"Clearance is distance between top of storage and cetling.

1995 Edition

“For cnc;\psul;ncd commodity, increase density 25 percent (7-12.1).

See A-7-10.3 7-11, and A-7-12.1 for protection recommendations where
dearance is L{lc ater than 10 fi (3.05 m).

*Face sprinklers shall not be required for a Class 1 commaodity umslslmg of
noncombustible products on wood pallets (without combustible containers)
except for arrays shown i Figure 7-10.1(g) and Figure 7-10.1(j).
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Plan view Elevation

NOTES:

1. Symbol X indicates in-rack sprinklers.

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

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

commodities, and 0.35 gpm/ft* [(14.26 1./min)/m?] for Class
IV commodities, for 165°F (74°C) rated sprinklers; or a
minimum of 0.35 gpm/ft® {(14.26 1/minym”] for Class I
commodities, 0.40 gpm/ft® [(16.3 L/min)/m"] for Class 11
and III commodities, and 0.45 gpm/ft" [(18.3 L/min)/m?]
for Class 1V commodities, for 286°F (141°C) rated sprin-
Klers. (See Table 7-10.1.)

7-12.2 Where storage as described in 7-12.1 is encapsu-
lated, ceiling sprinkler density shall be 25 percent greater
than for nonencapsulated storage:

Part C Multiple-Row Racks

7-13* In-Rack Sprinkler Location. In multiple-row
racks with a maximum of 10 ft (3.1 m) between the top of
storage and the ceiling, in-rack sprinklers shall be installed
as indicated in Figures 7-13(a), (b), and (¢). The highest
level of in-rack sprinklers shall be not more than 10 ft
(3.1 m) below maximum stor;ige height for Class 1, 11, or
LT commodities or 5 ft (1.52 m) below the top of storage
for Class IV commodities. (See Tuble 7-13.)

7-14 In-Rack Sprinkler Spacing. Maximum horizontal
spacing of sprinklers in multiple-row racks with storage
higher than 25 ft (7.6 m) shall be in accordance with Fig-
ures 7-13(a), (b), and (c).

7-15 Ceiling Sprinkler Water Demand.

7-15.1 The warer demand for 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 (3.1 m)
between the top of storage and the sprinklers shall be based
on sprinklers in a 2000-tt® (185.8-mm") operating area for
multiple-row racks, discharging a minimum of 0.25 gpm/fi’
[(10.19 L/minym?] for Class [ commodities, 0.5 gpm/ft®
[(12.2 L/minym®] for Class Il and III commodites, and
0.35 gpm/ft” [(14.26 L/min)/m?] for Class 1V commuodities, for
165°F (74°C) rated sprinklers; or a minimum of 0.35 gpm/ft“’
[(14.26 L/min)/m"] for Class 1 commodities, 0.40 gpm/ftg
[(16.8 L/min)m”] for Class 11 and III commodities, and
0.45 gpm/fi” [(18.3 L/min)/m?] for Class IV commodities, for
286°F (141°C) rated sprinklers. (See Table 7-13.)

A A A 3
] [e]
A s ¢

p, °
DA S —aX X %
X NG

1

Elevation

Plan view

NOTES:

1. Sprinklers labeled 1 (the selected array from Table 7-10.1) shall be
required where loads labeted A or B represent top of storage.

2. Sprinklers labeled 1 and 2 shall be required where loads labeled C or
D represent top of storage.

3. Sprinklers labeled 1 and 3 shall be required where loads labeled E or
F represent top of storage.

4. For storage higher than represented by loads labeled F, the cycle
defined by Notes 2 and 3 is repeated, with stagger as indicated.

5. Symbol A or X indicates sprinklers on vertical or horizontal stagger.
6. Each square in the figure represents a storage cube measuring 4 ft to
5ft (1.25 mto 1.56 m) on a side.

Figure 7-10.1(b) In-rack sprinkler arrangement, Class I commodities,
storage height over 25 ft (7.6 m).

00 00
0O 00
OO0 00
OO OO
00 O0
OO0 00

4

NOTES:
1. Alternate location of in-rack sprinklers. Sprinklers may be instailed at
the second and fourth or the third and fifth tiers.

2. Symbol A or X indicates sprinklers on vertical or horizontal stagger.

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

Figure 7-10.1(c) In-rack sprinkler arrangement, Class I, II, or IIT com-

modities, maximum storage height 25 ft to 30 ft (7.6 m to 9.1 m).

7-15.2  Where such storage is encapsulated, ceiling sprin-
kler density shall be 25 percent greater than for nonencap-
sulated storage.
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X A
A
A X
Plan view

Elevation

NOTES:

1. Sprinklers labeled 1 shall be required where loads labeled A represent
the top of storage.

2. Sprinklers labeled 1 and 2 shall be required where Ioads labeled B or
C represent top of storage.

3. Sprinklers labeled 1, 2, and 3 shall be required where Ioads labeled D
or E represent top of storage

4. Sprinklers labeled 1, 2, 3, and 4 shall be required where loads
labeled F or G represent top of storage.

5. Sprinklers labeled 1, 2, 3, 4, and 5 shall be required where loads
labeled H represent top of storage. '

6. For storage higher than represented by loads labeled H, the cycle
defined by Notes 3, 4, and 5 is repeated with stagger as indicated.

7. The indicated face sprinklers shall be permitted to be omitted where
commodity consists of unwrapped or unpackaged metal parts on

wood pallets.

8. Symbol A or X indicates sprinklers on vertical or horizontal stagger.

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

Figure 7-10.1(d) In-rack sprinkler arrangement, Class I, I, or III commodities, storage height over 25 ft (7.6 m).

Plan view I:, l:'

Elevation

NOTES:

1. Sprinklers labeled 1 (the selected array from Table 7-10.1) shall be
required where loads labeled A or B represent top of storage.

2. Sprinklers labeled 1 and 2 shall be required where loads labeled C or
D represent top of storage.

3. Sprinklers labeled 1 and 3 shall be required where loads labeled E or
F represent top of storage.

4. For storage higher than represented by loads labeled F, the cycle
defined by Notes 2 and 3 is repeated, with stagger as indicated.

5. Symbol A or X indicates sprinklers on vertical or horizonta! stagger.

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

Figure 7-10.1(e) In-rack sprinkler arrangement, Class I, II, or III commodities, storage height over 25 ft (7.6 m).
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X X X 4

X 2
e
[
a

P X _ X X1 o
X X I / s
DX i NOTES:

/ nk 1. Sprinklers labeled 1 {the selected array from Table 7-10.1) shall be
X X | I:‘ I:I required where loads labeled A or B represent top of storage.
I:IXI: e 2. Sprinklers labeled 1 and 2 shall be required where loads labeled C or
/ r D represent top of storage.
X X s D D 3. Sprinklers fabeled 1 and 3 shall be required where loads labeled E
|:|X|: represent top of storage.
4. Sprinklers labeled 1 and 4 shall be required where loads labeled F or
X X D I:I G represent top of storage.
I:IX’: 5. For storage higher than represented by loads labeled G, the cycle
I:I l:l defined by Notes 2, 3, and 4 is repeated.
X i X 6. Symbol X indicates face and in-rack sprinklers.
Plan view S — 7. Each square in the figure represents a storage cube measuring 4 ft to
Elevation 5 ft (1.25 mto 1.56 m) on a side.

Figure 7-10.1(f) In-rack sprinkler arrangement, Class I, II, or III commodities, storage height over 25 ft (7.6 m).

=
i
L

NOTES:

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

6] X k required where loads labeled A or B represent top of storage.

DAI:I\I e 2. Sprinklers labeled 1 and 2 shall be required where loads labeled C or
D represent top of storage.

X o 3. Sprinklers labeled 1 and 3 shalt be required where loads labeled E or

D D F represent top of storage. .
4. For storage higher than represented by ioads labeled F, the cycle

o ) X defined by Notes 2 and 3 is repeated.

Plan view 5. Symbols O, A, and X indicate sprinklers on vertical or horizontal
stagger.
6. Each square in the figure represents a storage cube measuring 4 ft to
Elevation 5ft (1.25 m to 1.56 m) on a side.

Figure 7-10.1(g) In-rack sprinkler arrangement, Class I, II, or III commoedities, storage height over 25 ft (7.6 m).
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NOTES:

1. Sprinklers labeled 1 (the selected array from Table 7-10.1) shall be
required where loads labeled A or B represent top of storage.

2. Sprinklers labeled 1 and 2 shall be required where loads labeled C or
D represent top of storage.

3. Sprinklers labeled 1 and 3 shall be required where loads labeled E or
F represent top of storage. '

Plan view 4. Sprinklers labeled 1, 2, 3, and 4 shall be required where loads labeled
G represent top of storage.
5. Sprinklers labeled 1, 2, 3, 4, and 5 shall be required where loads
labeted H represent top of storage. '
6. Sprinklers fabeled 1, 2, 3, 4, and 6 (not 5) shali be required where
o o1 loads labeld | or J represent top of storage.
' 7. Sprinklers labeled 1, 2, 3, 4, 6, and 7 shall be required where loads
I:l D labeled K represent top of storage. .
X 1 8. Sprinklers labeled 1, 2, 3, 4, 6, and 8 shall be required where loads
D D labeled L represent top of storage.
9. Sprinklers labeled 1, 2, 3, 4, 6, 8, and 9 shall be required where
loads labeled M or N represent top of storage.
D !___J 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,
I:, |:‘ 11. Symbols O, X, and A indicate sprinklers on vertical or horizontal
stagger.
12. Each square in the figure represents a storage cube measuring
Elevation 4 ftto 51t (1.25mto 1.56 m) on a side.

Figure 7-10.1(h) In-rack sprinkler arrangement, Class I, II, III, or 1V commodities, storage height over 25 ft (7.6 m).
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Plan view

Figure 7-10.1(i)
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Plan view

Figure 7-10.1(j)

G

NOTES:

1. Sprinklers labeled 1 (the selected array from Table 7-10.1) shall be
required where loads labeled A or B represent top of storage.

2. Sprinklers labeled 1 and 2 shall be required where loads labeled C or
D represent top of storage.

3. Sprinklers labeled 1 and 3 shall be required where loads labeled E or
F represent top of storage.

4. For storage higher than represented by loads labeled F, the cycle
defined by Notes 2 and 3 is repeated.

5. Symbol X indicates face and in-rack sprinklers.

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

LI
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Elevation

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

1. Sprinklers labeled 1 (the selected array from Table 7-10.1) shall be
required where loads labeled A or B represent top of, storage.

2. Sprinklers labeled 1 and 2 and barrier labeled 1 shall be required
where loads labeled C represent top of storage.

3. Sprinklers and barriers labeled 1 and 3, shall be required where
loads labeled D or E represent top of storage.

4. For storage higher than represented by loads labeled E, the cycle
defined by Notes 2 and 3 is repeated.

5. Symbol A or X indicates sprinklers on vertical or horizontal stagger.
6. Symbol O indicates longitudinal flue space sprinklers.

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

=1

U

Elevation

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

OO0 oOOooc0
A0

§DDDDDDDDDDDDD

Plan view
Plan view
Elevation Elevation
NOTES: NOTE:
1. For all storage heights, sprinklers shall be installed in every other tier 1.'Each square in the figure represents a storage cube measuring 4 ft to
and staggered as indicated. 5 ft (1.25 m to 1.56 m) on a side.
2. Symbol A or X indicates sprinklers on vertical or horizontal stagger.
3. Each square in the figure represents a storage cube measuring 4 ft to Figure 7-10.3(b) Class I, I, or III commodities.

5t (1.25 mto 1.56 m) on a side.

Figure 7-10.3(a) Class I, II, III, or 1V commodities. In-rack sprinkler
arrangement, single-row racks, storage height over 25 ft (7.6 m).
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Plan view Plan view
774N/ Elevation
Elevation NOTE:
NOTE: 1. Each square in the figure represents a storage cube measuring 4 ft to
1. Each square in the figure represents a storage cube measuring 4 ft to 51t (1.25 mto 1.56 m) on a side.

5ft(1.25 mto 1.56 m) on a side.
Figure 7-10.3(d) Class I, II, III, or IV commodities.

Figure 7-10.3(c) Class I, II, or III commodities.
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HO OO

Barriers l:l

AO00O0 D000y

Plan view

§DDDEDDE

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

Figure 7-10.3(e) Class I, I1, ITI, or IV commodities.

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

In-Rack Sprinklersl
Maximum
Spacing
from Top Ceiling Sprinkl
Maximum | Maximum of Storage | Ceiling D 1ng Sprin /fegrs
Approximate | Horizontal | Horizontal to Highest| Sprinkler ensity (gpm/ft)
Vertical Spacing Spacing | Height In-Rack |Operating
Commodity | Encap-| Spacing In a Flue |Across Flue| Limit Sprinklers| Area 165° 286°
Class sulated (ft) (fe) (ft) (ft) Stagger | Fig. No. (ft) (ft%) Rating | Rating
No 0.25 0.35
I 20 12 10 7.13(a) 10
Yes 0.31 0.44
No Between 0.30 0.40
I 15, & H1 15 10 10 None! adjacent | 7-13(b) 10 2000
Yes flues 0.37 0.50
No 0.35 0.45
Lt 10 10 10 7.13(0) 5
Yes 0.44 0.56

'All four rack faces shall be protected by sprinklers located within 18 in. of the faces. as indicated in Figures 7-13(a), (b), and (¢) It shall not be required for
cach sprinkler level to protea all faces. (See A-7-13.)

For STunis. 1t = 0.3048 m; € = Yy (F=32); 1 gpm/ﬁB = 40.746 (1/min)/mn?
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Loading aisle

[ W] [
A A
X X
A A
X X
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Loading aisle

Plan view

!

Maximum
X 12 ft (3.66 m)
between sprinklers

— t

>

Maximum
10 ft (3.05 m)
between sprinklers

. I:I D D D . D MaX|mum10ft(305m)

B RINE I E

between sprinklers
and top of storage

/R0 DO0oEn

Face sprinklers

N\ OIS

HOoDooEs
Lo ns

oggoos

{___I EI I:I I::I l:l |:| D Maximum 20 ft (6.10 m)

NN NN

between sprinklers
and floor

NN

Loading aisle elevation

NOTES:

1. Sprinklers labeled 1 shall be required if loads labeled A represent top
of storage.

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

3. Sprinklers labeled 1 and 3 shall be required if loads labeled D or E
represent top of storage.

4. For storage higher than represented by loads labeled E, the cycle
defined by Notes 2 and 3 is repeated, with stagger as indicated.

5. Symbol A or X indicates sprinklers on vertical or horizontal stagger.
6. Each square in the figure represents a storage cube measuring 4 ft
to 5ft (1.25 m to 1.56 m) on a side.

Figure 7-13(a) In-rack sprinkler arrangement — multiple-row racks, Class I commodities, storage height over 25 ft (7.6 m).
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Loading aisle
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Loading aisle
Plan view

A
L
” {
A
I — Maximum
X 10 ft (3.05 m)
— between sprinklers
| x
| [«

Maximum
10 ft (3.05 m)
between sprinklers

I——_—) I:] D D D Maximum 1*0ft (3.05 m)

IO DL LI

between sprinklers
and top of storage

/IDDDDIB

Face sprinklers —>"
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Maximum 15 ft (4.57 m)
between sprinklers
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Loading aisle elevation

NOTES:

1. Sprinklers labeled 1 and 2 shall be required if loads labeled A
represent top of storage.

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

Figure 7-13(b) In-rack sprinkler arrangement — multiple-row racks,
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3. For storage higher than represented by loads labeled C, the cycle
defined by Notes 2 and 3 is repeated, with stagger as indicated.

4. Symbol A or X indicates sprinklers on vertical or horizontal stagger.
5. Each square in the figure represents a storage cube measuring 4 ft
to 5 ft (1.25 m to 1.56 m) on a side.

Class L, II, or III commodities, storage height over 25 ft (7.6 m).
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Loading aisle

NOTES:

Il 1 1. Sprinklers labeled 1, 2, and 3 shall be required if loads
A A A A labeled A represent top of storage.
— 1 1 10 10 171 2. Sprinklers labeled 1, 2, and 4 shall be required if loads
X X X ¢ labeled B, and 4 represent top of storage.
Al T Al VT a1 T s 3. For storage higher than represented by loads labeled B,
I (O A O A A O N O Maximum the cycle defined by Notes 1 and 2 is repeated, with stagger
X X X 10 ft (3.05 m) as indicated.
— — b — ] — between sprinklers 4. Symbol A or X indicates sprinklers on vertical or horizontal
stagger.
A F— A — —A — — 4 T 5. Each square in the figure represents a storage cube
X XJ X measuring 4 ft to 5 ft (1.25 m to 1.56 m) on a side.
L L—d L — L
Loading aisle
Plan view
Maximum

10 ft (3.05 m)

‘ between sprinklers

FOOOOFD,
AOO000EE,

DD DDDDD

- /ooooods
Face sprinklers D D D D I:' D D

z
- Y

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

mininjninjals)
OO000goB

f

Maximum 10 ft (3.05 m)
between sprinklers
and floor ¢

Loading aisle elevation

Figure 7-13(c)

Chapter 8% Plastics

8-1 General. For the storage of Group A plastics stored
5 ft (1.5 m) or less in helcrht the sprinkler design criteria
tor miscellaneous storage spcuﬁed in NFPA 13 Standard
for the Installation of Sprinkler Systems, shall be used.

8-1.17 Plastics in corrugated cartons shall be protected in
accordance with Figure 8-1.1. This decision tree also shall
be used to determine protection for commodities that are
not entirely Group A plastics but contain such quantities
and arrangement of Group A plastics that they are deemed
more hazardous 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 1II commodities.

8-1.4% Ceiling sprinklers shall be large orifice [V739 in.
(13.5 mm)} and rated-ordinary to high temperature.
Exception No. 1: Large dvop sprinklers i accordance with Chapter 9.
Exception No. 2: ESFR sprinklers in accordance with Chapter 10.

Exception No. 3: For densities of 0.30 ghm/ft [(12.2 LAnm)/m’]
or less, Yo-in. (12.7-mm) orifice sprinklers shall be permited.

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

In-rack sprinkler arrangement, Class I, 11, III, or IV commodities — multiple-row racks, storage height over 25 ft (7.6 m).

8-1.5 In-Rack Sprinklers.

8-1.5.1 In-Rack Sprinkler Classification. Sprinklers in
racks shall be ordinary-temperature standard response
classification.

Exception No. 1: High-temperature sprinklers shall be used as spec-
ified in NFPA 13, Standard for the Installation of Sprinkler Systems.

Exception No. 2: Quick-response sprinklers shall be permilted to
be installed in racks.

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

8-1.5.3 In-Rack Sprinkler Water Shields. Where in-rack
sprinklers 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 In-Rack Sprinkler Clearance. The minimum of

6 in. (152.4 mm) vertical clear space shall be maintained
between the sprinkler deflectors and the top of a tier of storage.

8-1.5.5 In-Rack Sprinkler Water Demand. The water
demand for sprinklers installed in racks shall be based on
simultaneous operation of the most hydraulically remote
sprinklers as follows:

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

1995 Edition



231C-30

RACK STORAGE OF MATERIALS

Plastics
Group A Group B Group C
Class IV Class il
Cartoned Exposed

(Outside the scope
of NFPA 231C)

Expanded or

nonexpanded
Stable Free-flowing
Figure 8-2 (Parts a-j), Class IV
8-3.1,and 8-3.2

Figure 8-1.1

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

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

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

8-2.1 Ceiling Sprinkler Water Demand. For Group A
plastic commodities in cartons, encapsulated or nonencapsu-
lated in single-, double-, and multiple-row racks, ceiling
sprinkler water demand in terms of density (gpm/ft%)
[(L/min)/m®] and area of operation [ft* (m”)] shall be selected

| from Figure 8-2 Parts (a) through (g). Linear interpolation of
design densities and areas of application shall be permitted
between storage heights with the same clearances. No inter-
polation between clearances shall be permitted.

8-2.1.1 Single-, Double-, and Multiple-Row Racks — 5-ft to
10-ft (1.25-m to 3.1-m) Storage with 1Vs-ft to 10-ft (0.5-m to
3.1-m) Clearance. ""The protection strategies utilizing ceiling
sprinklers only, as shown in Figure 8-2 Part (a). shall be
acceptable for single- and double-row rack storge with 4-ft
(1.22-m) or greater aisles and for multiple-row storage.

| 8-2.1.2 Single- and Double-Row Racks — 15-ft (4.6-m)
Storage with Less than 5-ft (1.25-m) Clearance. The pro-
tection strategy utilizing ceiling sprinklers only as shown in

| Figure 8-2 Part (b) shall be acceptable only for single- and
double-row, rack storage with 8-ft (9 4-m) aisles. For 31/9 ft
(1-m) aisles, a density of 0.60 gpm/f[ ((24.5 L/mm)/m *] and
an area of application of 1500 ft* (139.5 m?®) shall be used.
For aisle widths of 3V ft to 8 ft (1 m to 2.4 m), a direct lin-
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Decision tree.

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

8-2.1.3 Single- and Double-Row Racks — 15-ft (4.6-m)
Storage with 10-ft (3.1-m) Clearance; 20-ft (6-m) Storage
with Less than 5-ft (1.25-m) Clearance. The protection
strategies utilizing ceiling sprinklers only as shown in Fig-
| ures 8-2 Parts (c) and (d) shall be acceptable only for single-
and double-row rack storage with 8-ft (2.4-m) aisles.
In-rack sprinkler protection shall be required for aisles less
than 8 ft (2.4 m) mn width.
Where utili?ing the strategies for ceiling sprinklers only,
| as shown in Flgules 8-2 Parts (¢) and (d), column steel shall
be protected in accordance with 3-2.3(a) or (b). Roof struc-
tural steel shall be protected in such a manner as to pro-
vide a minimum of 15 minutes fire resistance.

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

| ure 8-2 Part (b), shall not be permitted for multiple-row
rack storage. The density to be used shall be 0.60 gpm/ft®
[(24.5 L/min)/m?] over 2000 fi* (186 m?). The combination

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

| 8-2.1.5 Multiple-Row Racks — 15-ft (4.6-m) Storage with
10-ft (3.1-m) Clearance; 20-ft (6-m) Storage with Less than
5-ft (1.25-m) Clearance. The protection strategies utiliz-
ing ceiling sprinklers only as shown in Figure 8-2 Parts (c)
and (d) shall not be permitted for multiple-row rack stor-
age. Only the specified combinations of ceiling and in-rack
sprinklers shall be used.
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Strategies for Protection of Rack Storage of Plastics—Single-Row, Double-Row, and Multiple-Row Rack
Configurations, Unexposed (Expanded and Unexpanded) Group A Plastics

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

0.30 gpm per ft2/2000 ft2 0.45 gpm per t2/2000 2
(12.2 L/min per m2/186 m2) (18.3 L/min per m2/186 m2)
< 5-ft (1.52-m) clearance 5-ft (1.52-m) to 10-ft (3.05-m) clearance

[T 1T

Part b: 15-ft (4.57-m) storage

< 5-ft (1.52-m) ceiling clearance

0.45 gpm per ft2/2000 ft2

(18.3 L/min per m2/186 m2)

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

See 8-2.1.2
and 8-2.1.4

T

0.30 gpm per ft2/2000 ft2 0.60 gpm per {t2/4000 2 0.30 gpm per {t?/2000 ft2
(12.2 L/min per m2/186 m?2) (24.5 L/min per m2/372 m2) {12.2 L/min per m2/186 m>2)
See Note 2 See 8-2.1.3 See Note 2

and Figure 8-2 Part h 8-2.1.5 and Figure 8-2 Parth

O

O

[T [T T

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

0.60 gpm per ft2/4000 ft2 0.45 gpm per t2/2000 2 0.30 gpm per ft2/2000 ft2
(24.5 L/min per m2/372 m2) (18.3 L/min per m2/186 m2) (12.2 L/min per m2/186 m?2)
See 8-2.1.3 See Note 2 See Note 2
and 8-2.1.5 and Figure 8-2 Part h and Figure 8-2 Part h
o
O o

T

[T 1

Figure 8-2. (cont’d)
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Part e: 20-ft (6.10-m) storage
5-ft (1.52-m) to 10-ft (3.05-m) ceiling clearance (See Note 5)

0.45 gpm per {t2/2000 ft2
(18.3 L/min per m2/186 m2)

0.30 gpm per ft2/200

0.30 gpm per {t2/2000 #t2
(12.2 L/min per m2/1

(12.2 L/min per m2/186 m2)

0 ft2
86 m2)

0.30 gpm per ft2/2000 t2
(12.2 L/min per m2/186 m2)

See Note 2

and Figure 8-2 Part h

[T

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

See Note 4
and Figure 8-2 Part j

See Note 4
and Figure 8-2 Part j

See Note 3
and Figure 8-2 Part i

O O

[T

Part g:

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

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

0.30 gpm per t2/2000 ft2
(12.2 L/min per m2/186 m2)

See Note 3

and Figure 8-2 Part i

[T

Single-row rack

See Note 4
and Figure 8-2 Part

O

[T

[T

[T

25-ft (7.62-m) storage

5-ft (1.52-m) to 10-ft (3.05-m)
ceiling clearance (See Note 5)
0.30 gpm per ft2/2000 2

(12.2 L/min per m2/186 m2)

See Note 4
and Figure 8-2 Part j

O

[T

‘Part h: One level of in-rack sprinkiers — plan view

ordinary spacing (See Note 2)

O

Double-row rack

1995 Edition

storage Multiple-row rack storage
® a
| X X X 2
Maximum
3( S
storage X X X 81t (2.44 m)
— between
sprinklers
o) o_
' X X X
Figure 8-2. (cont’d)
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Single-row rack storage

Part i: One level of in-rack sprinklers — plan view
close spacing (See Note 3)

Multiple-row rack storage

ol o el Mo o o e

Double-row rack storage

)
i L

X X 2
X X X
X X y ‘
I\ | Maximum
8 ft (2.44 m)
X X X |\ | between
X X §prinklers

Single-row rack storage

R Y

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

Multiple-row rack storage

Loading aisle

:]OXOXOXO[A

Double-row rack storage

VAN VAN paN 2
X X
VAN VAN PAN
Maximum
X X 8 ft (2.44 m)
——\ between
VAN VaN paN sprinklers
X X T

Notes to parts a through j:

spacings located, as indicated, in the transverse fiue spaces.

transverse flue space.

8-2.2 In-Rack Sprinklers. In-rack sprinklers shall be
| installed in accordance with Figure 8-2 Parts (b) through (j).

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

8-3.1 Ceiling Sprinkler Water Demand. For Group A
plastic commodities in cartons, encapsulated or nonen-
capsulated in single- and double-row racks, ceiling
sprinkler water demand in terms of density (gpm/ft)
[(L/min)/m®] and area of operation [ft® (m")] shall be
selected from Table 8-3.1.

Figure 8-2.

Loading aisle

1. Each square in the figures represents a storage cube measuring 4 ft to 5 ft (1.25 m to 1.56 m) on a side.
2. Single level of in-rack sprinklers (V2 in. or 742 in. operating at 15 psi [1.03 bar] minimum) installed on 8 ft to 10 ft (2.5 m to 3.12 m)

3. Single leve! of in-rack sprinklers (74 in. operating at 15 psi [1.03 bar] minimum or ¥z in. operating at 30 psi [2.07 bar] minimum)
installed on 4 ft to 5 ft (1.25 m to 1.56 m) spacings located, as indicated, in the longitudinal flue space at the intersection of every

4. Two levels of in-rack sprinklers (Y2 in. or 42 in. operating at 15 psi [1.03 bar] minimum) instalied on 8 ftto 10 ft (2.5 m to 3.12 m)
spacings located as indicated and staggered in the transverse flue spaces.
5. Ceiling only protection shall not be permitted for this storage configuration.

(cont’d)

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

Ceiling Sprinklers

Storage Height above
Density (gpm/ft’)/Area of

Top Level In-Rack

Sprinklers Application (ft)
5t or less 0.30/2000
Over 5 ft up to 10 ft 0.45/2000
For SI nnuts 1 fi = 0.3048 m; | gpm = 3.785 LAnin: 1 gpm/fi’ = 40.74
(L/min)/m“’
NOTE: Provide in-rack sprinkler protection per Figures 8-3.2.1(a) and (b)

and Figures 8-3.2.3(a) through (c).

1995 Edition
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8-3.2 In-Rack Sprinkler Location.

8-3.2.1 In double-row racks without solid shelves and
with a maximum of 10 ft (3.1 m) between the top of stor-
age and the ceiling, in-rack sprinklers shall be installed in
accordance with Figures 8-3.2.1(a) or (b). The highest level
of in-rack sprinklers shall be not more than 10 ft (3.1 m)
below the top of storage.

8-3.2.2 In-rack sprinklers for storage higher than 25 ft

(7.6 m) in double-row racks shall be spaced horizontally

and located in the horizontal space nearest the vertical
| intervals specified in Figures 8-3.2.1(a) or (b).

o

[¢)

Barriérs

¢}

o

TP et Irer
LB OO L

LA
R

Plan view

Elevation

NOTES:

1. Sprinklers and barriers labeled 1 shall be required where loads
labeled A or B represent top of storage.

2. Sprinklers iabeled 1 and 2 and barriers labeled 1 shall be required
where loads labeled C represent top of storage.

3. Sprinklers and barriers labeled 1 and 3 shall be required where loads
labeled D or E represent top of storage.

4. For storage higher than represented by loads labeled, E the cycle
defined by Notes 2 and 3 is repeated. ‘

5. Symbol A or X indicates face sprinklers on vertical or horizontal
stagger.

6. Symbol O indicates longitudinal flue space sprinklers,

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

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

1995 Edition

8-3.2.3 In single-row racks without solid shelves with
storage height over 25 ft (7.6 m) and a maximum of 10 ft
(3.1 m) between the top of storage and the ceiling, sprin-
klers shall be installed as indicated in Figures 8-3.2.3(a),
(b), or (¢).

8-3.3 In-Rack Sprinkler Size. Sprinklers in racks shall be
Yo-in. (12.7-mm) or 739-in. (13.5-mm) orifice size, pendent
or upright.

8-3.4 In-Rack Sprinkler Discharge Pressure. Sprin-

klers in racks shall discharge at not less than 30 gpm
(113.6 L/min).

X

[ ]
[]

x

(][]
o)
Bja)
Binj
a0
10
Hn]

Elevation

OO0000000

I LIt r

x

Plan view

NOTES:

1. Sprinklers labeled 1 shall be required where loads labeled A or B

represent top of storage.

2. Sprinklers tabeled 1 and 2 shall be required where loads labeled

C represent top of storage.

3. sprinklers labeled 1 and 3 shall be required where loads labeled D or

E represent top of storage. ’

4. For storage higher than loads labeled F, the cycle defined by Notes 2

and 3 is repeated.

5. Symbot X indicates face and in-rack sprinklers.

6. Each square in the figure represents a storage cube measuring 4 ft to

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

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

e T OO O R

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

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

AWM

0O O O OO0 DO

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

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

(HO O CH

Barriers

,ADDDDDDQV

OO0 O O

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

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

s a
&
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Chapter 9 Large Drop Sprinklers

9-1 General.

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

9-1.2 Each joist channel of open, wood joist construction
shall be fully firestopped to its tull depth at intervals not
exceeding 20 {t (6 m).

LException:  Unfirestopped, open, wood joist construction or fure-
stops at intervals exceeding 20 ft (6 m) shall be permitted where
the minimum operating pressure us incveased by 40 percent.

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

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

9-1.5 A minimum of 6 in. (152.4 mm) longitudinal flue
spaces shall be maintained in addition to transverse flue
spaces. :

9-1.6 For dry-pipe systems, high-temperature sprinklers
shall be used; for wet-pipe systems, ordinary- or high-
temperature sprinklers shall be permitted.

9-1.7 Sprinkler spacing shall be not less than 80 fi* (9.3 m%)
or more than 100 ft° (7.4 m?).

9-1.8 All requirements contained in NFPA 13, Standard
for the Installation of Sprinkler Swtems. shall apply.

Exception:  Where modified by this standard.
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Table 9-1.1 Large Drop Sprinkler Data
Pressure and Number of Design Sprinklers Required for Various Hazards for Large Drop Sprinklers

Hose Stream

Demand Water
Type of Minimum Operating Pressure, psi (bar) gal/min Supply
Hazard System 25 (1.7) 50 (3.4) 75 (5.2) (dm*’min) Duration (hr)
Number of Design Sprinklers
Double-Row Storage with Minimum 5.5-ft
(1.7-m) Aisle Width and Multiple-Row
Rack Storage with Minimum 8.0-ft (2.5-m) -
Aisle Width (Note 1)
Class I and Il commodities up to 25 ft Wet 20 Note 2 Note 2 ’
(7.6 m) with maximum 5-ft (1.5-m) clear- Dry 30 Note 2 Note 2 500 (1900) 1Yo
ance to ceiling
Class 1 and II commodities up to 30 ft Wet 20 plus one” Note 2 o Note 2
(9.1 m) with maximum 5-ft (1.5-m) clear- level of in-rack -
ance to ceiling sprinklers
Dry 30 plus one Note 2 Note 2 500 (1900) 1Yy
level of in-rack
sprinklers
Class I, 11, and 111 commodities up to 20 ft Wet 15 Note 2 Note 2 N
(6.1 m) with maximum 10-ft (3.1-m) Dry 25 Note 2 Note 2 500 (1900) 1Yy
clearance to ceiling
Class I, I1, and TIT commodities up to 25 fi Wet 15 plus Note 2 Note 2
(7.6 m) with maximum 10-ft (3.1-m) one level of
clearance to ceiling ‘ in-rack sprinklers
Dry 25 plus one Note 2 Note 2 500 (1900) 1Y
level of in-rack
sprinklers
Class IV commodities up to 20 {t (6.1 m) with ~ Wet NA 20 15 500 (1900) 2
maximum 10-ft (3.1-m) clearance to celling ~ Dry NA NA NA
Class IV commodities up to 25 ft (7.6 m) with  Wet NA 20 plus one 15 plus one level 500 (1900) 2
maximum 10-ft (3.1-m) clearance to ceiling level of in-rack of in-rack
sprinklers sprinklers
Dry NA NA NA
Unexpanded plastics up to 20 ft (6.1 m) with Wet NA 30 20 500 (1900) 2
maximum 10-ft (3.1-m) clearance to ceiling Dry NA NA NA
Unexpanded plastics up to 25 ft (7.6 m) with Wet NA 30 plus one 20 plus one level 500 (1900) 2
maximum 10-ft (3.1-m) clearance to cciling level of in-rack of in-rack
sprinklers sprinklers
Dry © NA NA NA
Class I'V commodities and uncexpanded plas- Wet NA 15 Note 2 500 (1900) 2
tics up to 20 ft (6.1 m) with maximum 5-ft Dry NA NA NA
(1.5-m) Clclurancc to ceiling '
Class IV commodities and unexpanded plas- Wet NA 15 plus one Note 2 500 (1900) 2
tics up to 25 ft (7.6 m) with maximum 5-ft level of in-rack
(1.5-m) clearance to ceiling sprinklers
Dry NA NA NA

NOTE 1: Conventional wood pallets unl‘y shall be used; no slave pallets shall be permitted to be used.
NOTE 2: The high pressure shall be permutted to be used. but the required number of design sprinklers shall not be reduced trom that required for the
lower pressure. '

N/A:  Not applicable.

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

Maximum
Maximum Height Sprinkler .
Height of of Building Design
Storage (ft) (m) Nominal K Pressure Commodity
Type of Storage Commodity ft (m) (Note 1) Factor psi (bars) Limitation
Single-, double-, and Cartoned unexpanded plastic; cartoned 25 (7.6) 30 (9.1) 13.5-14.5 50 (3.4) —
multiple-row rack stor- expanded plastic; uncartoned unexpanded
age (No open-top con- plastic; and Class 1. 11, 11, or IV commod-
tainers or solid shelves) itics, encapsulated or unencapsulated
Cartoned unexpanded plastic; and class I, 11, 35 (10.7) 40 (12.2) 13.5-14.5 75 (5.2) Note 2
LI, or IV commodities, encapsulated or
unencapsulated
20 (6.1) 25 (7.6) 11.0-11.5 50 (3.4)

NOTE I:  Maximmum building height shall be measured to the underside of the roof deck or ceiling.
NOTE 2: iny ESFR sprinklers specitically hsted for 40-tt (12.2-m) high buildings shall be used in buildings higher than 30 ft (9.1 m) up to 40 ft (12.2 m).

Chapter 10 Early Suppression Fast Response
(ESFR) Sprinklers

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

Exception:  IESFR protection as defined shall not apply to:

1. Rack storage involving solid shelves

2. Rack storage involving combustible, open-top cartons or
containers.

10-2 Sprinkler System Design.

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

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

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

A%
10-2.4 All requirements contained in NFPA 13, Standard
Jor the Installation of Sprinkler Systems, shall apply.

Exception: - Where modified by this standard.

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

Exception No. 1: ESFR sprinklers located i proximity to heat
sources.

Exception No. 2:  ESFR sprinklers located under skylights.

10-3 Water Demand.

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

10-3.2 Water supply duration shall be at least 1 hour.
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Chapter 11 Equipment

11-1 Mechanical Handling Equipment—Industrial
Trucks.

11-1.1 Power-operated industrial trucks shall be of the
type designated in NFPA 505, Fire Safety Standard for Pow-
ered Industrial Trucks Including Type Designations, Areas of
Use, Maintenance, and Operation, and their maintenance and
operation shall be in accordance with Chapters 2 and 3 of
that standard.

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

Chapter 12 Building Maintenance and Operation

12-1* Building Operations Other than Storage. Weld-
ing, soldering. brazing, and cutting shall be permitted to
be performed on rack or building components that cannot
be removed, provided no storage is located below and
within 25 ft (7.6 m) of the working area and flameproof
tarpaulins enclose this section. During any of these opera-
tions, the sprinkler system shall be in service. Water-type
extinguishers with a capacity of 2Ve gal (9.45 L) and
charged inside hose lines shall be located in the working
area. A fire watch shall be maintained during these opera-
tions and for at least 30 additional minutes.

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

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

Exception:  Smoking shall he permitted in locations prominently
designated as smoking aveas.

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

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

12-6* General Fire Protection. The sprinkler system and
the water supplies shall be inspected, tested, and maintained
in accordance with NFPA 25, Standard for the Inspection, Test-
ing, and Maintenance of Water-Based Fire Protection Systems.
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Chapter 13 Referenced Publications

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

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

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

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

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

NFPA 30, Flammable and Combustible Liquids Code, 1993
edition.

NFPA 40. Standard for the Storage and Handling of Cellu-
lose Nitrate Motion Picture Film, 1994 edition.

NFPA 58, Standard for the Storage and Handling of Lique-
fred Petrolewm Gases, 1995 edition.

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

NFPA 91, Standard for Exhaust Systems for Air Conveying of
Materials, 1995 edition.

NFPA 220, Standard on Types of Building Construction,
1992 edition.

NFPA 231, Standard for General Storage, 1995 edition.

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

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

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

NFPA 490, Code for the Storage of Ammonium Nitrate, 1993
edition.

NFPA 505, Fire Safety Standard for Powered Industrial
Trucks Including Type Designations, Areas of Use, Maintenance,
and Operation, 1992 edition.

Appendix A Explanatory Material

This Appendix s not a part of the requirements of this NFPA document
hut is included for informational purposes only.

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

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) through (d).]

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

Multiple-Row Racks More than Two Pallets Deep, Measured
Aisle to Aisle. These include drive-in racks, drive-through
racks, flow-through racks, portable racks arranged in the
same manner, and conventional or automatic racks with
aisles less than 42 in. (1.07 m) wide. [See Figures A-4-1(f)
through (1).]

Movable Rucks. 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 racks with plywood
shelves on the shelf beams [see Figures A-4-1(c) and (d)].
These are used in special cases. (See Chapter 5.)

Cantilever Rack. The load is supported on arms that extend
horizontally from columns. The load can rest on the arms or
on shelves supported by the arms. [See Figure A-4-1(j).]

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

A-4-2 Fixed rack structures should be designed to 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 necessary to facilitate
installation of sprinklers. The rack structure should be
anchored to prevent damage to sprinkler lines and supply
piping in racks.

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

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

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

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

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

A-4-6.2 Incandescent light fixtures should have shades or
guards to prevent ignition of commodities from 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 may be permitted only where it is impracti-
cal 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.
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Figure A-4-1(a) Conventional pallet rack.
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Legend
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Figure A-4-1(c) Double-row racks with solid shelves.

Legend
Legend
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B - Load width H ~ Rack depth B - Shelf height H - Rack depth
E - Storage height L - Longitudinal flue space E — Storage height L - Longitudinal flue space
F — Commodity T - Transverse flue space T - Transverse flue space -
Figure A-4-1(b) Double-row racks without solid or slatted shelves. Figure A-4-1(d) Double-row racks with slatted shelves.

1995 Edition



APPENDIX A 231C-41

| R T [ e
\ r 1 [ 1
A\ | ——
I o ——
- G
N | e
1 [ 1
1 =l | | .
] I | _'l I ]
N ==
b I I
[ 1 1
\ \ S | S —
L T I =N End View
< | =R
| = T e > T
.ILMateriaI = III IIIE 3 alm !
H handling \
s \% device L 'n‘" = ! = : = K
i I % I I
| o = — v
e A_» ~_B__> <_T I T T IT T 1 22
End View Aisle View
Legend K
A - Load depth G - Pallet (
B - Load width L - Longitudinal flue space
E - Storage height T - Transverse flue space ol e T Tl [} e 1
F — Commodity
I T T 1 T 1 L T 1
Figure A-4-1(e) Automatic storage-type rack. = i
Aisle View

T — Transverse flue space

| ' L Figure A-4-1(g) Flow-through pallet rack.

e et sl |
aetaiiiin uaine

L — Longitudinal flue space

Figure A-4-1(f) Multiple-row rack to be served by a reach truck.
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Figure A-4-1(k) Movable rack.

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

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

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

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

A central station, auxiliary, remote station, or propri-
etary sprinkler waterflow alarm should be provided,
except that local waterflow alarm may be permitted where
approved guard service is provided. (See NFPA 72, National
Fire Alarm Code.)

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

A-5-13.1 1In NFPA 13, Standard for the Installation of Sprin-
kler Systems, A-4-4.1.3.2.1 states: “Slatting of decks or
walkways or the use of open grating as a substitute for
automatic sprinkler thereunder is not acceptable.”

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

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

Table A-5-2.2

Distance Beyond Perimeter

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

Sprinklers for High-Temp. Sprinklers
(ft") (m’) (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-6-5.2 Where possible, it is preferable to locate in-rack
sprinklers away from rack uprights.

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

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

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

A-6-12 Where dry-pipe systems are used, the areas of
operation specified 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 6000 ft* (557.4 m?).

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

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

A.7-11 Where the ceiling is more than 10 ft (3.1 m) above
the maximum height of storage, a horizontal barrier should
be installed above storage with one line of sprinklers under
the barrier for Class I, 11, and III commodities and two lines
of sprinklers under the barrier for Class 1V commodities.
In-rack sprinkler arrays should be installed as indicated in
Table 7-10.1 and Figures 7-10.1(a) through ().

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

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

A-7-12.1 Water demand for storage height over 25 ft
(7.6 m) on racks without solid shelves separated by aisles at
least 4 ft (1.22 m) wide and with more than 10 ft (3.1 m)
between the top of storage and the sprinklers should be
based on sprinklers in a 2000-ft" (185.8-m”) operating
area for double-row racks and a 3000-ft” (278.7-m") oper-
ating area for multiple-row racks discharging a minimum
of 0.18 gpm/ft® [(7.33 L/min)/m?] for Class I commodities,
0.21 gpm/fi® [(8.56 L/min)/m?] for Class I and LII com-
modities, and 0.25 gpny/ft® [(10.19 L/min)/m*] for Class 1V
commodities, for 165°F (74°C) rated sprinklers; or a mini-
mum of 0.25 gpny/ft® {(10.19 L/min)/m®] for Class I com-
modities, 0.28 gpm/fi” [(11.41 L/min)/m®) for Class I1 and
I1I commodities, and 0.32 gpm/ft‘"’ [(13.04 L/min)/m?] for
Class IV commodities, for 286°F (141°C) rated sprinklers.
(See A-7-11 and A-7-13.)

Where such storage is encapsulated, ceiling sprinkler
density should be 25 percent greater than for nonencapsu-
lated storage.
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A-7-13  In muldple-row racks with more than 10 ft (3.1 m)
between the maximum height of storage and ceiling, a hor-
izontal barrier 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)
through (c).

A-8 All rack fire tests of plastics were run with an approx-
imate 10-ft (3.1-m) maximum clearance between the top of
storage and the ceiling sprinklers. Within 30-ft (9.1-m)
high buildings, greater clearances above storage configura-
tions should be compensated for by the addition of more
in-rack sprinklers or the provision of greater areas of appli-
cation, or both.

A-10-1 ESFR sprinklers were designed to respond
quickly to growing fires and deliver heavy discharge to
suppress fires rather than to control them. ESFR sprinklers
should not be relied upon to provide suppression if they
are used outside these design parameters.

A-10-2.1 Design parameters were determined from a
series of full-scale fire tests conducted as a joint effort
between Factory Mutual Research Corporation and the
National Fire Protection Research Foundation. (Copies of
the test reports are available from the National Fire Protec-
tion Research Foundation.)

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

Locomotives should not be allowed to enter the storage
area.

A-12-2  Containers should be emptied and their contents
removed from the premises at frequent intervals. (See
NFPA 82, Standard on Incinerators and Waste and Lmen Han-
dling Systems 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
reported immediately and necessary corrective measures
taken promptly.

The sprinkler system and the water supplies should be
checked and maintained in accordance with NFPA 25,
Standard for the Inspection, Testing, and Miaintenance of Water-
Based Fire Protection 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 premises of the municipal fire
department, police department, or other personnel that
could be summoned to deal with any emergency. A well-
trained plant emergency organization should be provided
to control emergency conditions that arise.

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

(a) Maintenance of the security of the premises

(b) Means of summoning outside aid immediately in an
emergency
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(¢) Use of hand extinguishers and hose lines on small
fires and mop-up operations

(d) Operation of the sprinkler system and water supply
equipment

(e) Use of material-handling equipment while sprinklers
are operating to effect final extinguishment

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

(2) Need for breathing apparatus.

‘Attention should be given to advance planning and
training with respect to fire department response, access,
and fire fighting.

A-12-6 General Fire Protection. All fire-fighting and
satety personnel should realize the great danger in shut-
ting off sprinklers once opened by heat from fire. Shutting
oft sprinklers to locate fire could cause a disaster. Ventila-
tion, use of smoke masks, smoke removal equipment, and
removal of material are safer. (See NFPA 1420, Recom-
mended Practice for Pre-Incident Plunning for Warehouse Occu-
pances, for additional information.)

Sprinkler water should be shut off only after the fire is
extinguished or completely under the control of hose
streams. Even then, rekindling is a possibility. To be ready
for prompt 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.

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

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

Pre-emergency planning should contemplate the following:

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

2. Availability of fire-fighting equipment and per-
sonnel properly trained for the type of storage arrange-
ment involved;

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

(b) Fire Department Operations. Sprinkler protection
installed as required in this standard is expected to protect
the building occupancy without supplemental fire depart-
ment activity. Fires that occur in rack storage occupancies
protected in accordance with this standard are likely to be
controlled within the limits outlined in B-1-1, since no sig-
nificant building damage is expected. Fire department
activity can, however, minimize the extent of loss. The first
fire department pumper arriving at a rack storage-type fire
should connect immediately to the sprinkler siamese fire
department connection and start pumping operations.

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

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

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

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

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

(@) Mechanical air-handling systems
(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 department, thus allowing
personnel to coordinate the smoke removal (ventilation)
with mop-up operations.

Appendix B Explanation of Test Data and
Procedures

This Appendix is not a part of the requirements of this NFPA document
but s included for mformational purposes only.

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

B-1-1 Application and Scope. This standard uses as a
basis the large-scale fire test series conducted at the Factory
Mutual Research Center, West Glocester, Rhode Island.

The test bu1ld1ng 18 dpprounmtelv 200 ft x 250 ft (61 m
X 76 m) [50,000 fi* (4.65 km”) in area], of fire-resistive con-
struc[lon and contains a volume of approximately 2.25 mil-
lion f’ (63 761.86 m"), the equivalent of a 100,000-f*
(9.29-km™) building 22.5 ft (6.86 m) high. The test building
has two primary heights beneath a single large ceiling. The
east section is 30 ft (9.1 m) high, and the west section is 60 ft
(18.29 m) high.

The test series for storage height of 20 ft (6.1 m) was
conducted in the 30-ff (9.1-m) section with clearances from
the top of storage to the ceiling nominally 10 ft (3.1 m).

Doors at the lower and intermediate levels and ventila-
tion louvers at the tops of walls were kept closed during the
n]dJOI"l[V of the fire tests. This minimized the effect of exte-
rior conditions.

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

Racks were constructed of steel vertical and horizontal
members designed for 4000-1b (1814-kg) loads. Vertical
members were 8 ft (2.44 m) O.C. for conventional racks
and 4 ft (1.22 m) O.C. for simulated automated racks:
Racks were 3V ft (1.07 m) wide with 6-in. (152.4-mm) lon-
gitudinal flue space for an overall width of 71y ft (2.29 m).
Simulated automated racks and slave pﬁllets were used in
the main central rack in the 4-ft (1.22-m) aisle tests. Con-
ventional racks and conventional pallets were used in the
main central rack in the 8-ft (2.44-mm) aisle tests. The
majority of the tests were conducted with 100-ft® (9.29-m")
sprinkler spacing.

The test configuration for storage heights of 15 ft (4.6 m),
20 ft (6.1 m), and 25 ft (7.6 m) covered an 1800-ft* (167.2-m")
floor area, including aisles between racks. Tests that were
used in producing this standard limited fire damage to this
area. The maximum water damage area anticipated in the
standard is 6000 ft* (557.4 m"), the upper limit of the
design curves. ",

The test data shows that, as density is increased. both the
extent of fire damage and sprinkler operation are reduced.
The data also indicates that, with sprinklers installed in the
racks, a reduction is gained in the area of fire damage and
sprinkler operations (i.e., water damage).

Table B-1-1 illustrates these points. The information
shown is taken from the test series for storage height of
20 ft (6.1 m) using the standard commodity.

Table B-1-1
Sprinkler
Operation
Densit Fire Damage (165°F)
gpm/ft in Test Arra?' Area
(%) (ft) (ft)
0.30  (Ceiling only) 22 395 4500-4800
0.375  (Ceiling only) 17 306 1800
045  (Ceiling only) 9 162 . 700
0.20 (Ceiling only) 28-36 504-648 13,100-14.000
0.20  (Sprinklers at 8 144 4100

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

For ST units:  1.fi = 0.3048 m, °C = ¥y (°F —32):
1 gpm/ﬁ! = 40.746 (L/min)/m’

The tact that there is a reduction in both fire damage
and.area of water application’ as sprinkler densities are
mcreased or where sprinklers are installed in racks should
be considered carefully by those responsible for applvmg
this standard to the rack storage situation.

In the test for storage height of 25 ft (7.6 m), a densn:)
of 0.55 gpm/ft* [(99 4 L/min)/m?] produced 42 percent, or
756 ft (70.26 m?), fire ddmdge in the test array and a
sptml\ler wetted area of 1400 ft? (130.1 m?). Lesser densi-
ties would not be expected to achieve the same limited
degree of control. Therefore. if the goal of smaller areas of
fire damage is to be achieved, sprinklers in racks should be
considered.
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RACK STORAGE OF MATERIALS

The test series for storage height over 25 ft (7.6 m) was
conducted in the 60-ft (18.29-m) section of the test build-
ing with nominal clearances from the top of storage to the
ceiling of either 30 ft (9.1 m) or 10 ft (3.1 m).

Doors at the lower and intermediate levels and venulation
louvers at the top of walls were kept closed during the fire
tests. This minimized the ellect of exterior wind conditions.

The purpose of the over-25-ft (7.6-m) series was to:

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

(b) Determine other protective arrangements, such as
high-expansion foam, that provide control of the fire.

Control was considered to have been accomplished if the
fire was unlikely to spread from the rack of origin to adja-
cent racks or spread beyond the length of the 25-ft (7.6-m)
test rack. To aid in this judgment, control was considered
to have been achieved if the fire did not:

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

(b) Reach the end face of the end stacks (north or south
ends) of the main rack.

Control is defined as holding the fire in check through
the extinguishing system until the commodities initially
involved are consumed or until the fire is extinguished by
the extinguishing system or manual aid.

The standard commodity as selected in the 20-ft (6.1-m)
test series was used in the majority of over-25-ft (7.6-m)
tests. Hallmark products and 3-M products described in
the 20-ft (6.1-m) test series report also were used as repre-
sentative of Class III or IV commodities, or both, in several
tests. The results of privately sponsored tests on Hallmark
products and plastic encapsulated standard commodities
also were made available to the committee.

A 25-ft (7.6-m) long test array was used for the majority
of the over-25-ft (7.6-m) high test series. The decision to
use such an array was made because it was believed that a
fire in racks over 25 ft (7.6 m) high that extended the full
length of a 50-ft (15.24-m) long rack could not be consid-
ered controlled, particularly as storage heights increased.

One of the purposes of the tests was to determine arrange-
ments of in-rack sprinklers that can be repeated as pile height
increases and that provide control of the fire. The tests for
storage height of 30 ft (9.1 m) explored the effect of such
arrays. Many of these tests, however, produced appreciable
fire spread in storage in tiers above the top level of protection
within the racks. (In some cases, a total:burnout of the top

W,
tiers of both the main rack and the target rack occurred.) In
the case of the 30-ft (9.1-m) Hallmark Test 134 on the 60-ft
(18.3-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 downward into the south end of

the fourth ter. In the test on the floor, a nominal 30-ft
(9.1-m) clearance occurred between the top of storage and
the ceiling sprinklers, whereas on the platform this clearance
was reduced to nominal 10 ft (3.1 m). In most cases, the
in-rack sprinklers were effective in controlling fire below the
top level of protection within the racks. It has been assumed
by the Test Planning Committee that, in an actual case with a
clearance of 10 ft (3.1 m) or less above storage, ceiling sprin-
klers would be expected to control damage above the top
level of protection within the racks. Tests have been planned
to investigate lesser clearances.
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Tests 114 and 128 explore the effect of changing the igni-
tion point from the in-rack standard ignition point to a face
ignition location. It should be noted, however, that both of
these tests were conducted with 30-ft (9.1-m) clearance from
the ceiling sprinklers to the top of storage and, as such, ceil-
ing 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 where the igni-
tion point is changed was noted in Tests 126 and 127. Once
again, 30-ft (9.1-m) clearance occurred between the top of
storage and the ceiling sprinklers, and, as such, the ceiling
sprinklers had little effect on the face fire. Comparisons of
Tests 129, 130, and 131 in the test series for storage height of
50 ft (15.24 m) indicate little effect of point of ignition in the
particular configuration tested.

Test 125, when compared with Test 133, indicates no

significant difference in result between approved low pro-
file sprinklers and standard sprinklers in the racks.
B-2-1 A review of full-scale fire tests run on the standard
commodity (double tri-wall carton with metal liner); of
Hallmark products and 3-M products (e.g., abrasives,
pressure-sensitive tapes of plastic fiber, and paper); and of
the considerable number of commodity tests conducted
provides a gutde for commodity classifications. This guide
is not related to any other method of classification of mate-
rials; therefore, sound engineering judgment and analysis
of the commodity and the packaging should be used when
selecting a commodity classification.

B-3-2.1 None of the tests that were conducted with den-
sities in accordance with the design curves produced criti-
cal temperatures in bar joists 12V ft (3.81 m) from the
ignition source. Therefore, with sprinkler systems designed
in accordance with the curves, fireproofing of roof steel
should not be necessary.

B-3-2.2 Temperatures 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 Temperatures in the test column were main-
tained below 1000°F (538°C) with densities, of roof ceiling
sprinklers only, of 0.375 gpm/ft® [(15.3 L/min)/m°] with 8-ft
(2.44-m) aistes and 0.45 gpm/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 more sprinklers than did comparative tests without
windows or louvers open. Venting tests that have been
conducted in other programs were without the benefit of
sprinkler protection and, as such, are not considered in
this report, which covers only buildings protected by sprin-
klers. The design curves are based upon the absence of
roof vents or draft curtains in the building. During mop-up
operations, ventilating systems, where installed, should be
capable of manual exhaust operations.

B-4-3.1 Test 80 was conducted to determine the effect of
closing back-to-back longitudinal 6-in. (152.4-mm) flue
spaces in conventional pallet racks. Test results indicated
fewer sprinklers operating than with the flue space open,
and, as such, no minimum back-to-back clearance is neces-
sary if the transverse flue spacé is kept open. -

Tests 145 and 146 were conducted to investigate the
influence of longitudinal and transverse flue dimensions in
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double-row racks without solid shelves. Results were com-
pared with Tests 65 and 66. Flue dimensions in Tests 65,
60, 145, and 146 were 6 in. (152.4 mm), 6 in. (152.4 mm),
3in. (76.2 mm), and 12 in. (0.30 m), respectively. All other
conditions were the same.

In Tests 65 and 66, 45 and 48 sprinklers operated com-
pared with 59 and 58 for Tests 145 and 146, respectively.
Fire damage in Tests 145 and 146 was somewhat Jess than in
Tests 65 and 66: 2100 ft* (59.51 m”) and 1800 fi* (51 m") in
Tests 145 and 146, respectively, versus 2300 ft' (65.13 m%)
and 2300 fi* (65.13 m") in Tests 65 and 66, respectively, of
combustible material were consumed.

Test results indicate narrow flue spaces of about 3 in.
(76.2 mm) allow reasonable passage of sprinkler water
down through the racks.

Tests 96 and 107, on multiple-row racks, used 6-in.
(152.4-mm) transverse flue spaces. The water demand recom-
mended in the standard is limited to those cases with nominal
6-in. (152.4-mm) transverse flues in vertical alignment.

B-4-5 Most tests in the 25-ft (7.6-m) and under test series
were conducted with a clearance of 10 ft (3.1 m) from the top
of storage to the sprinkler deflectors, and the basic design
curves in Figures 6-12(a) through (g) reflect this condition.

Tests 140 and 141 were conducted with a 3-ft (0.91-m)
clearance between the top of storage and the ceiling sprinkler
deflectors. In Test 140, using a density of 0.30, 36 sprinklers
operated compared with 45 and 48 sprinklers in Tests 65 and
66 with a 10-ft (3.1-m) clearance. In Test 141, 89 sprinklers
operated compared with 140 sprinklers in Test 70 with a
10-ft (3.1-m) clearance. Fire spread in Tests 140 and 141 was
somewhat less than in Tests 65, 66, and 70.

Test 143 was conducted with an 18-in. (0.46-m) clear-
ance between the top of storage and the ceiling sprinkler
deflectors, and with 0.30 density. Thirty-seven sprinklers
operated compared with 36 sprinklers in Test 140 with a
3-ft (0.91-m) clearance and 45 and 48 sprinklers in Tests
65 and 76 with a 10-ft (3.1-m) clearance. Fire spread in
Test 143 with an 18-in. (0.46-m) clearance was somewhat
less than in Tests 65 and 66 with a 10-ft (3.1-m) clearance
and Test 140 with a 3-ft (0.91-m) clearance.

Privately sponsored tests, using a 0.45 ceiling sprinkler
density and an encapsulated commodity, indicated 40 sprin-
klers operating with a 10-ft (3.1-m) clearance, 11 sprinklers
operating with a 3-ft (0.91-m) clearance, and 10 sprinklers
operating with an 18-in. (0.46-m) clearance. Fire spread was
less in the test with the 18-in. (0.46-m) clearance than the 3-ft
(0.91-m) clearance and also was less with the 3-ft (0.46-m)
clearance than with the 10-ft (3.1-m) clearance.

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

B-5-3 The highest operating pressure at any sprinkler in
the test program was 62.5 psi (430.93 kPa).

Tests in the 20-ft (6.10-m) high test series were conducted
using wood and metal bulkheads to determine whether bulk-
heads could be a substitute for either higher ceiling sprinkler
densities or for intermediate sprinklers. Bulkheads of either
type had no appreciable beneficial effect on the overall sprin-
kler performance in double-row rack tests.

Tests 125 and 134 were conducted to compare the effect
of a different commodity in the 30-ft (9.1-m) high test

array. If the degree of damage above the top level of pro-
tection (fifth and sixth tiers) is ignored, the Class 111 com-
modity represented by Hallmark cards would appear to be
protected to the same degree as a Class 11 commodity.

Tests 132 and 135 were conducted to determine the
effect of a different commaodity in the test seties for storage
height of 50 ft (15.24 m). The degree of control achieved
with the 3-M products in Test 135 closely approximates
that achieved with the standard commodity in Test 132.
The results of the Hallmark Test 134 and the private Hall-
mark test with geometric, in-rack sprinkler array, and
in-rack sprinkler flow rate that differs from other tests,
conducted as a separate program, suggests that in storage
height over 25 ft (7.6 m), Class III commodities can be
protected in the same fashion as Class 11 commodities.

Tests 112 and_115 compare a 10-ft (3.1-m) clearance
above storage to sprinklers with a 30-ft (9.1-m) clearance.

B-5-7 The time of operation of the first sprinkler varied
from 52 seconds to 3 minutes and 55 seconds, with most
tests under 3 minutes, except in Test 64 (Class 111), where
the first sprinkler operated in 7 minutes and 44 seconds.
Fire detection more sensitive than waterflow 1s, therefore,
considered necessary only in exceptional cases.

B-5-8 In most tests conducted, it was necessary to use
small hose for mop-up operations. Small hoses were not
used in the high-expansion foam test.

Test 97 was conducted to evaluate the effect of dry-pipe
sprinkler operation. Test results were approximately the
same as the base test with a wet-pipe system. A study of
NFPA records, however, indicates an increase in area of
operation of 30 percent to be in order for dry-pipe systems
as compared with wet-pipe systems.

B-5-10 In all valid tests, with double-row racks, sprinkler
water supplies were shut ofl at approximately 60 minutes. In
only one test did the last sprinkler operate in excess of 30
minutes after ignition; the last sprinkler operated in excess of
25 minutes in three tests, with the majority of tests involving
the last sprinkler operating within 20 minutes.

B-5-13.2 Test 98 with solid shelves 24 ft (7.3 m) long and
7Y, ft (2.3 m) deep at each level produced total destruction
of the commodity in the main rack and jumped the aisle.
Density was 0.3 gpm/ft” [(12.22 L/min)/m’] from the ceiling
sprinklers only. Test 108 with shelves 24 ft (7.3 m) long
and 3Ye [t (1.07 m) deep and with a 6-in. (152.4-mm) lon-
gitudinal flue space and one level of sprinklers in the rack
resulted in damage to most of the commodity in the main
rack, but did not jump the aisle. Density from ceiling sprin-
klers was 0.375 gpry/ft” [(15.28 [/min)/m?], and rack sprin-
klers discharged at 15 psi (103.41 kPa).

These tests did not yield sufficient information to
develop a comprehensive* protection standard for solid
shelf racks. Items such as increased ceiling density, use of
bulkheads, other configurations of sprinklers in racks, and
limitation of shelf length and width should be considered.

Where such rack installations exist or are contemplated,
the damage potential should be considered, and sound
engineering judgment should be used in designing the
protection system. ]

Test 98, with solid shelving obstructing both the longitu-
dinal and transverse flue space, produced unsatisfactory
results and indicates a need for sprinklers at each level in
such a rack structure.
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