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FOREWORD

There is limited guidance related to storage protection and horizontal barriers in NFPA 13,
Standard for the Installation of Sprinkler Systems. In addition, the terms horizontal barrier and
shelves are both used in NFPA 13 with differing protection strategies. For example, one form of
alternate protection in NFPA 13 is to provide a solid horizontal barrier and provide sprinklers
around the perimeter of the barrier, including face sprinklers. On the other hand, the shelf
requirements do not require face sprinklers. Another potential issue is that shelves larger than
64 square feet require sprinklers under each shelf, but there is no limit to tiers of storage under
each shelf.

Therefore, the Foundation initiated a project to holistically review the requirements in NFPA 13
relating to horizontal barriers and shelves and the basis behind them as well as existing test data,
with the goal to identify gaps and remaining research needs on this topic in order to develop
guidance on the types and configurations of horizontal barriers that stop vertical fire spread and
allow for independent flow calculation between the ceiling and the barrier level. With the
increasing height of warehouses, there is a benefit to considering protection schemes that use
horizontal barriers to stop vertical spread.

The Fire Protection Research Foundation expresses gratitude to the report authors Garner
Palenske, P.E., and Garth Ornelas, M.S., who are with Jensen Hughes located in San Diego, CA,
USA. The Research Foundation appreciates the guidance provided by the Project Technical
Panelists, the funding provided by the project sponsors, and all others that contributed to this
research effort.

The content, opinions and conclusions contained in this report are solely those of the authors and
do not necessarily represent the views of the Fire Protection Research Foundation, NFPA,
Technical Panel or Sponsors. The Foundation makes no guaranty or warranty as to the accuracy
or completeness of any information published herein.
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1. INTRODUCTION

Since the 1970’s, horizontal surfaces have been placed in storage racks. In some cases, these surfaces
are a component of the sprinkler protection scheme, and in other cases they are installed for storage
convenience or efficiency. The former can result in an enhancement to sprinkler protection, the latter a
detriment.

One type of horizontal surface is termed a horizontal barrier. Horizontal barriers are used in specific
sprinkler protection schemes to improve the fire protection of the rack or racks selected. Horizontal
barriers are generally constructed of wood and placed at predetermined locations within storage racks. In-
rack sprinklers are placed under the horizontal barriers to slow vertical fire propagation and decrease in-
rack sprinkler activation time. This usually results in limited ceiling sprinkler activation, which can reduce
the hydraulic demand of the sprinkler system (i.e. balancing of the in-rack sprinkler system with the ceiling
sprinkler system is not required). This protection scheme is very useful for the protection of challenging
rack storage scenarios where the ceiling sprinkler system is not adequate.

Another type of horizontal surface commonly found in storage racks is a solid shelf. Solid shelves, which
are also generally constructed of wood, are used to support objects too small or of irregular shape or size
to be supported by pallets. Solid shelves are used for storage efficiency and unfortunately block sprinkler
spray from reaching the fire location. This helps to promote horizontal fire spread, which can seriously
reduce the effectiveness of ceiling sprinkler performance.

The 2016 edition of the National Fire Protection Association’s “Standard for the Installation of Sprinkler
Systems” (NFPA 13), includes requirements for the use of horizontal barriers above in-rack sprinklers and
for the protection of solid shelves. The basis of these requirements is testing completed in the 1970’s and
1990’s. Much has changed regarding sprinkler technology and the understanding of in-rack fire behavior
since then.

The goal of this project was to review the requirements of NFPA 13 and identify knowledge gaps related
to sprinkler protection involving horizontal barriers and solid shelves. This included a thorough literature
review of fire test data related to horizontal barriers and solid shelves. Data from testing completed from
the 1970’s through 2015 was reviewed.

2. LITERATURE REVIEW

The requirements for the use of horizontal barriers in conjunction with in-rack sprinklers as a protection
scheme are found in two main areas within NFPA 13:

e Sections 16.3 and 17.3 -Control Mode Density/Area Sprinkler Protection Criteria for Rack Storage
Stored Over 25 ft. in Height, and Class I-1V and Plastic Commodities respectively.

e Sections 16.1.2.4 and 17.1.2.9-Alternate Protection, Class |-V and Plastic Commodities,
respectively.

The requirements for the protection of rack storage of Class I-IV commaodities first appeared in the 1972
inaugural edition of National Fire Protection Association Standard 231C (NFPA 231C), “Rack Storage of
Materials”. These requirements are based upon the findings of the Rack Storage Fire Protection
Committee which was organized in August 1967. This committee was comprised of a diverse group of
members, including insurance, consulting, and manufacturing storage experts. In late 1968, the National
Fire Protection Association formed the Rack Storage of Materials Committee, which subsequently
became the NFPA 231C code development committee. 2 The autonomous Rack Storage Fire Protection
Committee provided data to the NFPA committee for use in preparing the NFPA standard.

1 Schirmer, Chet (1969), Rack Storage Fire Protection Committee Interim Report
21BID
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2.1. Legacy Horizontal Barrier Full-scale Fire Testing

The Rack Storage Fire Protection Committee test program was conducted at the Legacy FM Global
Research Center in West Glocester, Rhode Island. Phase 1 of the project explored fire protection of
commodity stored within storage racks to a maximum height of 20 feet. Horizontal barriers were not used
in this testing.

Phase 2 considered storage heights of 30 feet and higher. A variety of tests were completed with various
in-rack sprinkler arrangements, including sprinklers located in the longitudinal flue and at the rack face. In
addition, testing with in-rack sprinklers beneath horizontal barriers was conducted.

Approximately 20 full scale tests were completed with a 30-foot storage height (Test Nos. 109-128).2 The
test configuration was 6 tiers of rack storage under a 40-foot ceiling. A 25-foot-long ignition array with
target arrays, separated by 4 foot aisles on both sides was used.* Six-inch transverse and longitudinal
flue spaces were provided between loads and at the rack uprights. Class Il commaodity, consisting of 42
inch x 42 inch x 42 inch double tri-wall cardboard boxes with metal liners, was used. This commodity was
selected to emulate the commodity normally expected to be stored in “real life” warehouses. °

A ceiling sprinkler density of 0.30 gpm/ sq. ft. was provided. This criterion was selected based upon
hydraulic calculations that showed an Ordinary Hazard pipe schedule system, the predominant sprinkler
design approach used for storage protection, was capable of delivering this density when provided with a
residual pressure of 100 psi at the base of the sprinkler riser.®

The ceiling sprinklers were K5.6 orifice, 280° F rated, standard response (Response Time Index > 80
(meters-seconds) *). Sprinkler spacing was 10 ft. x 10 ft. In-rack sprinklers were K5.6 orifice, 160° F
rated, standard response. The in-rack sprinklers discharge pressure was 30 psi.
Test Nos. 121, 126, and 127 included horizontal wood barriers, approximately % inch thick. The barriers
were placed at the 3rd and 6th tiers above the in-rack sprinklers. The barriers extended the entire length
and width of the rack obstructing both horizontal and transverse flue spaces. Relevant results of this
testing series are shown in Table 1.
A test was considered acceptable if the fire did not:”

e Burn beyond the first row of cartons in the target array.

e Burnto end stack in the ignition array.

e Open all sprinklers within the test facility

3 Englehart, Owen (1976) Rack Storage Test Summary Sheet, Rack Storage Steering Committee, From Schirmer Project Notes
41BID.The ignition array was shortened from 50 feet for the 30 ft. tests.

51BID

§ Schirmer, Chet (1971), Project Notes.

"1BID
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Table 1: 1971-1972 Tests Involving Horizontal Barriers and In-Rack Sprinklers 8

Test No. In-rack Sprinkler Horizontal Barrier No. Ceiling No. In-Rack | Damage Results
Arrangement Location Sprinklers Sprinklers (No. of
Activated Activated Boxes)
121 At 3 and 6% tiers. 8 | At 3" and 6™ tier 0 2 8 Passed
ft. horizontally in
longitudinal flue
space. No face
sprinklers.
126 Same Same 0 3 13 Passed
127 Same Same 0 4 21 Passed
128 At the 3 and 51 No horizontal 2 4 48 Failed
tiers. 8 ft. horizontally | barriers provided
in longitudinal flue
space. No face
sprinklers.

Research by Field suggests that if in-rack sprinkler sensitivity is not significantly high, the flame front will
move past the in-rack sprinkler prior to the sprinkler’s activation, igniting combustibles at a higher level. °
Results of Test 128 (without horizontal barriers) confirmed this theory. The addition of horizontal barriers
stopped the vertical progression of the fire, concentrating the fire plume energy in the near field of the in-
rack sprinkler, which resulted in in-rack sprinkler activation. This occurred despite the low sensitivity of in-
rack sprinklers used (standard response).

The effectiveness of the horizontal barrier/ in-rack sprinkler protection scheme is confirmed in the data
which shows all tests with this arrangement (Test Nos. 121, 126, and 127) were successful with only in-
rack sprinklers operating. Although not found in the project documentation, it is logical to theorize that the
horizontal barriers were introduced as one solution to the low sensitivity of in-rack sprinklers in the early
1970’s.

Test Nos. 117 and 120 included face sprinklers in addition to in-rack sprinklers located within the
longitudinal flue spaces at the 3 and 6! tier of storage. Horizontal barriers were not provided. The results
of these tests showed fire control with only in-rack sprinklers (longitudinal flue or face) operating. A
comparison of the results of configurations without face sprinklers showed more damage to the
commodity in the upper tiers and operation of the ceiling sprinklers compared to configurations with face
sprinklers. Acceptable testing results, however were achieved with or without face sprinklers1°,

The requirements for the protection of rack storage of plastic commodities first appeared in the 1986
edition of NFPA 231C. These provisions were based primarily upon the full-scale fire testing completed in
the Rack Storage Project (RSP) testing series, which was completed from 1973 through 1978. In this
series, approximately 16 full -scale fire tests were completed. Storage height was 25 feet or below. The
commodity selected was cartoned, unexpanded Group A plastic.1!

The NFPA 13 provisions for the protection of plastic commodity over 25 feet includes options for the use
of horizontal barriers. The requirements for below 25 feet do not.

8 Englehart, Owen (1976) Rack Storage Test Summary Sheet, Rack Storage Steering Committee, From Schirmer Project Notes
9 Ingason, Haukur(1996) Experimental and Theoretical Study of Rack Storage Fires, Chapter 4

10 Englehart, Owen (1976) Rack Storage Test Summary Sheet, Rack Storage Steering Committee, From Schirmer Project Notes
11 Fire Protection Research Foundation Fire Test Database
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It appears the requirements for the protection of plastic commodity above 25 feet were extrapolated from
the Class I-1V testing series. The requirements are similar apart from a higher ceiling sprinkler density for
plastic commodity when the storage height above the top level of in-rack sprinklers exceeds 5 feet (0.45

gpm/ sq. ft. vs. 0.30 gpm/ sq. ft.).

2.2. Alternate Protection Scheme Full-scale Fire testing

An additional option for the protection of rack storage of material was added to the 2016 Edition of NFPA

13.12 This option was intended to address situations where a greater level of protection is required than
what is available from the ceiling sprinkler system.13 The Alternate Protection Scheme, as it is called in
NFPA 13, utilizes a combination of in-rack sprinklers and horizontal barriers to protect the commodity. A
general overview of the requirements for double-row racks is shown in Table 2.

Table 2: Alternate Protection Scheme Details

Commodity Rack Horizontal In-rack Sprinkler Location In-rack In-rack Sprinkler
Type Barrier Sprinkler Design
Location Details

Class I-IV and Open | 12 ft. max Under the barriers, at each rack Min K8.0, 6 sprinklers at

Plastics vertically upright in the longitudinal flue space Quick minimum flow of 60
and at the face of the rack and at the Response gpm. Balancing with
mid-bay of each rack bay. Maximum the ceiling sprinkler
linear spacing between sprinklers not system is not required
greater than 5 ft. at the rack face and
10 ft. in the longitudinal flue space.

Class I-IV and Solid | Every tier Same Same Same

Plastics Shelf | vertically

Barrier Details:

Barriers are required to be constructed
of minimum 22-gauge sheet metal or
3/8 in. plywood.

Barriers are required to extend to both
aisle faces, covering both longitudinal
and transvers flue spaces.

Barriers are required to be fitted to
within 3 in. of any vertical rack member
or other equipment that creates an
opening.

12 Klaus, Mattew, J. (2016) NFPA 13 Automatic Sprinkler Handbook, and 2016 NFPA 13 Second Draft Report

13 Discussions with Tracy Bellamy, P.E., author of Sections 16.1.2.4 and 17.1.2.9
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This approach originated from FM Global sponsored fire testing of motor oil (Class 11IB combustible liquid)
in 1 quart plastic containers. Motor oil in plastic containers is a rather newly discovered commodity
challenge (1990’s).

The immiscibility of motor oil in water is the biggest challenge when designing sprinkler protection for this
commodity. Water discharging onto a burning pool of motor oil will be unable to form a mixture. For
water miscible liquids, this mixing increases the water percentage in the mixture causing the flash point
and fire point to increase while the heat release rate and heat of combustion are decreased.

The motor oil testing was completed at Southwest Research Institute, circa 1990. Three tests in this multi-
test program, Test Nos. P29-P31, integrate the use of horizontal barriers to improve the performance of
the in-rack sprinklers. In all three tests, only in-rack sprinklers activated.!®> See Appendix A for a summary
of the test data.

Based upon this testing data, requirements for the protection of Class I1IB combustible liquids were
incorporated into the NFPA 30, “Flammable and Combustible Liquids Code”, (NFPA 30 Table 16.5.2.5).
FM Global also included a modified version of this protection scheme (Scheme A) in FM Global Loss
Prevention Data Sheet (FMDS), 7-29, “Ignitable Liquid Storage in Portable Containers”. Recognizing the
merit of this approach, in 2004 FM Global added this option for the protection of Class I-IV and plastic
commodities to FMDS 8-9, “Storage of Class 1, 2,3, 4 and Plastic Commodities”. Fire Protection Scheme
8-9A, as it was appropriately renamed in FMDS 8-9, was then integrated into NFPA 13 unchanged. See
Table 3 for a comparison of the requirements.

A review of the current NFPA 13 requirements in comparison to the baseline fire tests was conducted and
are included in Table 3. Important parameters such as in-rack sprinkler sensitivity, orifice factor, location,
and design pressure are the same. Given a maximum of two in-rack sprinklers operated in each fire test,
the requirement to calculate 6 or 8 in-rack sprinklers provides a safety factor of 3 or 4 for the designs that
were tested.

14 Factory Mutual Research Corporation. July 2014. Ignitable Liquid Storage in Portable Containers. Property Loss Prevention Data
sheet 7-29.

15 Nugent, David, P., Schirmer Engineering, (1994) Directory of Fire Test involving Storage of Flammable and Combustible Liquids
in Small Containers
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Table 3: Comparison of Alternate Protection Scheme Requirements

Rack | Horizontal | Ceiling Sprinkler In-rack Sprinkler Location In-rack In-rack Sprinkler
Type Barrier Design Sprinkler Test Results/Design
Location Details Requirements
Fire Tests: Open | 10 ft. 286 °F, K8.0, Tests 29 and 30: Three lines of 165° F, K8.0, 57 psi operating
P-29,30, 31. vertically Standard sprinklers 9 in. above the 2" tier of | Quick pressure (60.4 gpm).
(20 ft. storage, 30 response. Not storage below the plywood barrier. | response Two sprinklers
ft., ceiling) active (positioned Sprinkler spacing 4 ft. 3.5 in. on operated.
only for response) | line in the longitudinal flue space
and 8 ft. 7 in. along both faces.
Face sprinklers located at rack
uprights, 3 ft. 5 in. between lines.
Test 31: Barriers located at the 2
and 4" tiers with the same rack
sprinkler arrangement.
NFPA 30 (Table Open | 12 ft. max | Notless than 0.20 | Three lines of sprinklers 6 in. 165 ° F, min. Most remote 6
16.5.2.5) vertically gpm/ sq. ft. for the | minimum above the tier of storage | K8.0, quick sprinklers (three on
most remote 3000 | below the plywood barrier. response two lines) if one
sq.ft Sprinkler spacing 4-5 ft. on line in barrier installed. Most
the longitudinal flue space and 8- remote 8 sprinklers
10 ft. along both faces. Face (four on two lines) if
sprinklers located at rack uprights. more than one barrier
is installed.
Min. operating
pressure 50 psi.
Balancing with ceiling
sprinklers not
required.
FM 8-9 Open | 12 ft. max | Designed to Three lines of sprinklers as close 160 ° F, Min Most remote 6
( Section 2.3.4.9) vertically protect the highest | as possible to underside of the K8.0, Quick sprinklers for single-
commodity hazard | barrier. Sprinkler spacing 10 ft. response row racks or most
not protected by maximum on line in the longitudinal remote 8 sprinklers
the alternate flue space and 5 ft. along both for double or multiple
protection option. faces. All in-rack sprinklers located row racks. Minimum
at rack uprights. flow of 60 gpm.
Balancing with the
ceiling sprinkler
system is not
required.
NFPA 13 Same | Same Same Same 165 ° F, Min Same
(Sections 16.1.2.4 K8.0, Quick
and 17.1.2.9) response

JENSEN HUGHES
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2.3. Contemporary Horizontal Barrier Full-scale Fire Testing

A literature review of contemporary research shows a renaissance in the use of horizontal barrier
protection schemes. Work done in 2012-2015 by Reliable Automatic Sprinkler Co., Inc. explored

the use of horizontal barriers to protect rack storage of plastic commodities. All tests were conducted at
Underwriters Laboratory Inc. large-scale fire test facility in Northbrook, lllinois.

Test No. 1 (August 8, 2012) was completed with double-row rack storage of exposed, expanded Group A
plastic. Storage height was 35 feet, beneath a 40-foot ceiling.1® Eight foot aisles were used. One
3/8-inch-thick plywood horizontal barrier was located at the 20-foot elevation. The horizontal barrier was
provided with spaces between rack uprights (3 inches wide) including across the longitudinal flue space
(See Photograph 1). The ignition location was at the face of the commodity in the aisle space, centered
between 2 ceiling and the in-rack sprinklers (See Figure 1).

Photograph 1: Test No. 1 Horizontal Barrier Detail

In-rack sprinklers were provided beneath the barrier. Horizontal spacing was 8 feet, 3 inches on center
located in the longitudinal flue space. The in-rack sprinklers selected were K25.2, 212°F, quick response
extended coverage pendent. The discharge pressure of the in-rack sprinklers was 30 psi. Face sprinklers
were not provided. Ceiling sprinklers were K16.8, 212°F, Early Suppression Fast Response sprinklers
spaced at 10 feet x 10 feet. A discharge pressure of 50 psi was used.

This protection scheme was successful. Two of the four in-rack sprinklers operated and one ceiling
sprinkler operated. The fire was contained within the ignition array, and maximum one minute average
steel temperatures were below 1000 °F. All sprinklers activated within 13 seconds of each other, with the
in-rack sprinklers operating first, at 49 seconds (See Figure 2).

The fire traveled a horizontal distance that only spanned two bays. There was minor melting of the target
plastic commodity, but ignition did not occur (See Table 4).

16 Steppan, Daniel (2012), Underwriters Laboratories, Inc. Project 12CA35881. Courtesy Reliable Sprinkler
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Figure 1: Test No. 1 Layout Plan View
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Figure 2: Test No. 1 Sprinkler Operating Sequence
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STORAGE PROTECTION IN THE PRESENCE OF HORIZONTAL BARRIERS OR SOLID SHELVING

Table 4: Test 1 Parameters and Results

FIRE TEST NUMBER

Test 1

Test Date

August & 2012

Test Parameters

Storage Type

Double Row Rack

Commodity Type

Exposed Expanded Group A Plastic

Pallet Type

2 Way Entry, Stringer, Hardwood

Horizontal Barrier Within Rack

3/8 ineh Plywood at 20 i, Elevation

Nominal Storage Height, ft. 35
Ceiling Height, fi. 40
MNominal Clearance, fi. 3
Aisle Width, . b

Ignition Location

Between 2 Ceiling and In Rack Sprinklers
(Face of Commaodity in Aisle Space)

Ceiling Sprinkler System

Sprinkler Type K = 16.8 ESFR Pendent

Deflector to Ceiling, in. 14

Ceiling Sprinkler Spacing, sprinkler by branchline ft. by fi. 10 by 10
Temperature Rating, F 212

Sprinkler Response Type QR (link)
Nominal Sprinkler Discharge Coefficient K, spm/psig 16,8
Nominal Discharge Density, gpm/ft’ 1.19
Nominal Discharge Pressure, psig 50

In Rack Sprinkler Svstem

Sprinkler Type

K = 252 Extended Coverage Pendent

Deflector to Bottom of Horzontal Barrier, in. 1.5
Sprinkler Spacing, fl. & fi. 3 in. {centered on the rack bays)
Temperature Rating, F 212
Sprinkler Response Type QR (link)
Nominal Sprinkler Discharge Coeflicient K, gpmipsig - 25.2
Nominal Discharge Pressure, psig 30
Test Results
Length of Test, minutes 31
Yeak Gas Temperature at Ceiling Above Ignition, °F 410
Maximum 1 minute Average Gas Temperature at Ceiling Above lgnition, °F 28
Peak Steel Temperature at Ceiling Above Ignition, °F 102
Maximum | minute Average Steel Temperature at Cetling Above Tgnition, °F 102
Fire Travel to Extremities of Test Array No
Ignition of Target Commodity No
Ceiling Sprinkler System
First Sprinkler Operation Time, min:sec 1:02
Last Sprinkler Operation Time, min:sec 1:02
Number of Operated Sprinklers 1

In Rack Sprinkler System

First Sprinkler Operation Time, min:sec

0:4%9 (East Central Sprinkler)

Last Sprinkler Operation Time, min:sec

0:32 {West Central Sprinkler)

Number of Operated Sprinklers

2 {put of 4 active in main array)

PAGE 12
November 6, 2017

JENSEN HUGHES



	Horizontal Barriers - Report Front Matter 

