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ADDISON FIRE DEPARTMENT (214) 4507200 FAX (214) 4507208

Past Office Box 144 Addisen, Texas 75041 4798 Afrport Parkway

MAXI-LIFT INC, SPECIFICATION SUMMARY
INDEX

Document A
Maxi-Lift Inc. letter and proposal to Fire Dept. requesting waiver in code requirements, Fire Dept.
memos and response letter.

Document B
Portions of Article 81 of 1991ed. Uniform Fire Code which is adopted by city and enforced by Fire
Department. These sections show the requirement for smoke and heat venting as for this application.

Document C

Formal interpretation of the Uniform Fire Code from Internationat Fire Code Institute. Pursuant
to the removal of smoke and heat vents. Internaticnal Fire Code Institute, this organization is
responsible for writing the fire codes.

Document D

Portions of the 1994ed. Uniform Fire Code, Article 81. This edition has not been adopted by city as
of now. However, this edition should be adopted early in 1995. This edition contains the same
requirements for smoke and heat venting in regards to this application. Please note D-14 to D-16.
This is the Uniform Fire Code Stardards concerning smoke and heat venting. The Standards Manual
gives explanations and interpretations to the code.

Document E
National Fire Protection Association (NFPA) standards for ESFR sprinkler systems. This standard
illustrates the many different standards that address an ESFR system.

Document F
WNFPA standard for warehousing. F-2 addresses smoke and heat venting.

Document G
Factory Mutual study presented by Maxi-Lift as the basis of their request.
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AUGDST 17, 1994

MAXI-LIFT, INC. PROPOSED WAREHOUSE AND MANUFPACTURING FACILITY

SUBJECT:

MIDWAY ROAD, ADDISON, TEXAS

FIRE CODES ON SMOKE VENTS AND DRAFT CURTAINS OF CITIES
SURROUNDING THE CITY OF ADDISON.

DAVID SESSIONS (CODE SUPERVISOR)
CITY OF DALLAS - 948-4480

THE CITY OF DALLAS REMOVED ALL CODE REQUIREMENTS FOR SMOKE VENTS AND DRAFT

CURTAINS IN BUILDINGS THAT HAVE ANY TYPE SPRINRLER SYSTEM IN 1985.

CHARLES HOSEY (FIRE CHIEF)
CITY OF CARROLLTON - 466-3070

ELIMINATED

THE CODE REQUIREMENTS FOR SMOKE VENTS AND DRAFT CURTAINS WHEN USING

AN ESFR SPRINKLER SYSTEM. STILL REGQUIRE MELT DROP QUT PANELS (WHICH ARE MUCH
CHEAPER THAN SMOKE VENTS).

STEVE EOONWE (CODE SUPERVISOR)
CITY OF RICHARDSON - 238~4160

SMOKF, VENTS ONLY REQUIRED WITH A SPACE GREATER THAN 250 FEET FROM AN EXIT DOOR.
MAXT-LIFT'S WAREHOUSE HAS NO AREA GREATER THAR 250 FEET FROM DOOR AND THUS WOULD
HOT BE REQUIRED TO USE SMOKE VENTS. NO DRAFT CURTAINS ARE REQUIRED BY CITY CODE.

RAY KIRBY {(BUILDING CODE OFFICAL)
CITY OF PLANO - 578-7209

PLANO IS IN THE PROCESS OF REVISING CODE REQUIREMENTS IN VIEW OF THE ESFR SPRINKLER

SYSTEM AND
CASE BASIS.

FURTHER:

15 CURRENTLY GIVING RELIEF TO PROPOSED BUILDING OWNERS ON A CASE BY

PER THE ATTACHED INFORMATION, FACTORY MUTUAL STATES THAT AS A RESULT OF THEIR
TESTING, SMOKE VENTS SHOULD BE AVOIDED WHEM USING AN ESFR SPRINKLER SYSTEM.
THEY MAY, IN FACT, EVEN FUEL THE FIRE UNDER CERTAIN CONDITIONS.

CONCLUSTON:

I BELIEVE THE ABOVE INFORMATION CLEARLY INDICATES THE CITY OF ADDISON NEEDS TO
RE-EVALUATE THEIR SHMOKE VENT FIRE CODE POLICY, AS ALL THE CITIES SURROUNDING

U5 HAVE.

P.O. BOX 11.05618 » CARROLLTON, TEXAS 75011-0518
1223 CROWLEY DRIVE + CARROLLTON, TEXAS 75006
{214) 245.2542  U.5. WATS (800) 527-0657
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12222 Maerit Drive, Suite 1800

Factory Mutual Engineering Daltas, Texas 75251.3209
Telephons (2141 861-92072
Fax {214} 661-1409

o

FAX TRANSMISSTION MEMORAKINIM

DATE: August 1, 1994
PLEASE DELIVER THE FOLLOWING MESSAGE TO:

NAME: Mr. Vic Sabhm
COMPANY: Maxilift
FAX: 242-8203

RE: Smoke Vents with ESFR Sprinkler Protection

Dear Mr, Sahm:

1 have enclosed page 2 from the Factory Mutual Data Sheet 2-2. Please refer to
the markegd paragraphs. The data sheet indicates from testing it has been
concluded that smekes wents are not needed for ESFR sprinkler protection.

Also the ESFR sprinkler design will not allow a fire to produce as much smoke as
conventional sprinklers sinee ESFR protection is considersd a suppression mode
type protection where as conventional sprinklers are of the control mode. This
means BSFR's are designed to put out a fire whers-as conventional sprinklers zre
only designed to control the fire uyntil menval fire fighting caan extinguish it.

Par our conversation you indicated some interest in finding more .ems about one
of our insurance companies. I have listed the name of the insurance company and
& contackt.

If you should have any further questions please feel free to call.

Regards, Mp. bres  cellers

Zﬁ%é;ffk?.ézgmw#wwrﬁf‘ ﬁJ&%xémk,

Michael P. Herymann Musva!  Ta stvas

Loss Prevention Consultant -3 = s
Dallas Distriet Office q41 37 f}}ghgﬁM{,

L a4
Encl: page 2 of D.5. 2-2 Dalles , 77K

e ¢

MPH /mph ?
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EARLY SUPPRESSION-FAST RESPONSE SPHINKLERS - 2

FACTORY MUTUAL

Page 2

it presdided, celings shoold be of substantial construction,
capabie of wihsianding fire plume uplilt velocity pressures
of at least 3 Ibfag # {14.6 kg/sq m}. Malenial suitable Tor
such 2 purpose includes % in. (0,95 om) plywood, W ing
{0.85 em} gyosum board. corrugated or sheet steel, or
mineral e, Sheels of these materdals should be securely
fastened to the supporiing framework. Hold-down olips typ-
ical of the type used to anchor ceifing tiles in Halon 1301
ingtallations will sufice for use with mineral Sle, If the ceil-
ing s hung from the existing roof framework, it showd be
verified that the roof can withstand the additonal dead ivad,

2.2.2 Steel Prolection

when ESFR sprinkizr systems are installed in accordance
with 1his data sheel. fire protection of roof and calumn siget
is nol naeded.

: é{ 2.2.3 Heat and Smoke Venting

Recammended protection s based on construction with-
out roof vents. Fire tests have not shown automatic venis 1o
ne cust effective; they may even indrease sprinkier waler
demand. Thus, the use of permanent beal and smoka vants
should be avoided -

If vents are unavoidable, they should be the manuatly oper.
aled type, or aquipped wilh fusible links rated at 4 miri.
mum 360°F {182°C). Orop-out (Drmelt-out} type plastc vents
should not be used because they cannot be arranged for
manual or delayed cperation.

E£SFR sprinklers, as compared to conventional sprinkiars,
are expected to reduce greatly ihe amount of smoke genes-
ated during a fire. As an altornative to attomatic rodl vents.
smoke removal during mop-up operations can iréquently
he achieved throughn eavedine wandows, doars, monilars,
nonaytornatic exhaust svstems {gravily or mechanical), or
manually operated heat ang srmoke venis, Fire depan-
ments can cut holes in sieel or wood roofs and aiss use
smoke exhausters,

2.2.4 Draft Curtains

Crafl curains are intended 1or use 1 two ways: 1) in com.
binglion with heat and smoke ven!s a5 required by butid-
ing codes o subdivide rogt areas. and; 2} 1o divide ol
areas protected by ESFR sprinklers {rom roof areas pro.
iecied by conventional sprinklers. Both apphcations are dis-
cussed as follows:

1. Draft curtaing used in comuncuon with heas or smoke
vents should be avoided, if possible, With the esarly fire sup-
pression expedied, it is anticipaled hat Jdrafk cuntains will
provigs fittle benefit because heat and smoke genaration will
be mimumized. Also, in sprinklereg storage fres, smoke i$
generally driven 1o flogr level once sptinklers opérale. I draft
curtains must be installed, they should be limited in depth
and lacated with respect to sprinklers so that the guide-
lines in Table 2 are followed. The obstruction 1o sphnkler
discharge whith would be created by an improperly
designed draft gunain coud adversely alioct sprinkier
system performange. The aeed 10 avoid obsituttions 1o

sprinkier discharge far gulweighs the benefils which may
{or may not) be derived rom instaliing the drafl cunains in
the first placs.

2 A draft curtaln should be instalied belwesn areas pro-

tecied py E8FR sprinklers and areas protected by other
types of sprinklers, This applies in all cases, whether 1the
roofs ovar 1he two srzss gre 2!l the same elevation or at dir-

- ferent elevations. The draft cudains should extend at Izast

4 ft (1.2 m) below the ceiling, be noncombustible and fit
tightly against the underaide of the rool. Maintain a ¢lear
aisle at leas1 5 ft (1.5 m) on each side of the centerling
beneath the dralt cungin, ESFR sprinklers may opérate
unnecessarily and deplete waler supplies if a fire occurs in
the area protected by other, standard-response type sprin.
kiers-unless physical separalion between the lwo dreas is
provided.

2.3 Storage Arrangements

ESFR sprinklers are inlended tor-use as protection forf a
wite range of storages. They can be used Lo protect pafet-
ized and salid-piled slorage, bin Box, and open-frame
single-row, doubile-row, mulliple-row, and ponable rack stor-
ape of most comman malerials of any hgight up fo 25 fi
{7.6 m} high, in bulldings of any heighl up 10 301 8.1 m)
high. Lesser storpge heights in buildings less than 30 K
(8.1 m) high can 2iz¢ be prodected as cutlingd in this data
shgetl,

Speacific commodities prolectable by ESFR sprinkiers
include:

s Glass 1 {1, I angd VW commpdities. encapsylated or unen-
capsylaled,

“

unexpanded and expanded plastics inside cardboard or
paper canonsg, engapsyiated or unencapsuialad,

*

solid five-aided fotally noncombustible containers used
1 siore commodilies having a hazard level of expanded
plastics or less; '

»

certain roll paper $lorage 88 covered in Bata Sheet §-215§,
Boll Paper Storage with ESFR Sprinklers:

*

cartain agrosol storage as covered in the Technical Advi
sory Bulletin {liled with Dara Sheet 7-299), entitted Storage
of Aeresol Products — ESFR Protection.

Specific commodilies and storage arrangsments far which
ESFR sprinklers cannol be used cre;

Exposed plastics which have not been successiully tested:

3

Mammable or combustible liguics in plastic or metal cons
ainers (except Class il combustivle liquids in closed
metal containers),

Aew. 4/93

- racks with solid shalvas (i.e., shelves greater than
20 84 1 (1.9 54 m} in area);

- opendop combustible containers;

- Unusual commodities or storage arrangements which
have not been judged, by eithar tesfing or anatysis, 1o be
appropriaie for ESFR sprinkier srotection,
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Post Office Box 144 Addison, Texas 75001 4798 Airport Parkway

August 23, 1994

Mr. Vic Sahm
Maxi-Lift Inc.

1223 Crowley Drive
Carrollton, Texas
75006

Dear Mr. Sahm:

Further to your meeting of August 19, 1994 with Chief Wallingford, please be advised that the
Prevention Division was instructed to further research the smoke and heat vent requirements and
ESFR sprinkler systems.

The information was complied and upon further review, the Fire Department's position on this
issue remains unchanged.

We would certainly welcome your business to Addison but you should understand that the
construction of the building must comply with Article 81 of the Uniform Fire Code 1991 and in
principle, the installation of smoke and heat vents as stated by the code.

The Fire Prevention Division has found nothing to support your request for the waiver and
elimination of this requirement but has, in fact, found substantial documentation to contradict
your proposal.

Please note that at this time, the water line supplying the required fire hydrants {a minimum of six
(63} will have to remain as a looped system.

However, should you supply this office with proper documentation from a certified, registered
engineering firm that states the water flow from a "dead end line", non-looped system, is sufficient
to supply an ESFR sprinkler system and support fire fighting efforts, this office would then
consider an alternative method. This would require a submuttal of hydrautic calculations and
drawings on the ESFR sprinkler system and refated fire pump capacity.

.. 2icontinued
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Mr. Vic Sahm
Maxi-Lift Inc.
Carroliton, Texas
August 23, 1994

Page2 of 2

Also, please be advised of a further requirement which will be necessary for your company to
comply with. The Uniform Fire Code, Article 81, Section 81,103, mandates that any building
used for high-piled combustible storage is required to have a permit issued by the Fire Prevention
Division. A representative of your company will need to make application for this permit after all
other Fire Department requirements are met.

Please do not hesitate to contact my office, should you have any questions, comments or concemns
regarding this matter.

Yours sincerely

im Stephens
Fire Prevention Officer
ADDISON FIRE DEPARTMENT

IGS/e

cc: Bob Wallingford, Fire Chief
Lynn Chandler, Building Official
Carmen Moran, City Secretary
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ORISR, HIRREERRNEAT  Pogt (Hfice Box 144 Addison, Texan 75001 4798 Airport Parkway

MEMORANDUM
August 24, 1994

TO: Bob Wallingford, Fire Chief/Fire Marshal .
FROM: Bruce A. Mueller, Inspector/Investigator frr
SURJECT:  Fire Code Requirements on Smoke and Heat

Venting of Cities Around Addison

Sy o e
" - - —

Based on the information received from Maxi-Lift, Inc. on their proposed warehouse and manufacturing
facility on Midway Rd. I surveyed the same cities and received some different information. Draft
curtains were not covered in my questions since we are not requiring them anyway.

1) Jerry Dempster (Fire Protection Engineer)
Dallas Fire Department - 670-3782

Dallas did indeed remove requirements for smoke and heat venting in
buildings with approved automatic sprinkler systems in 1985, This change
was apparently based on conclusions of the Shirmer Report (a staffing
study of the Dallas Fire Department) that they were not necessary. Dallas
has adequate manpower to manuaily ventilate even a large warehouse type
structure by cutting the roof.

2) Charles Hosey (Fire Marshal)
Carrollton Fire Department - 466-3210

Based upon Factory Mutual L.oss Prevention Data Sheet 2-2 and appendix
information in NFPA 231, Standard for General Storage and NFPA 231C,
Standard for Rack Storage of Materials, Carrollton changed requirements
by policy. They do not require automatic smoke and heat venting if an
approved ESFR sprinkler system is instailed. Melt drop out panels are
required as well as capability to use mechamcal ventilation equipment for
smoke removal. We have discovered that Factory Mutual's
recommendations may be misguided and NFPA’s appendices state that
vents should not be epen prior to sprinkler activation and that design
curve data is based on roof vents not being used. Qur fire code as
adopted requires use of automatic smoke and heat vents and recommends
setting to activate after sprinkler activation.



Memorandum
Smoke and Heat Venting
Page 2

3) Steve Boone (Code Supervisor)
Richardson Building Department - 238-4180

Richardson uses Southern Standard codes, as opposed to Uniform codes which are used
by almost every other municipality in the Metroplex. Southern Standard codes consider
exit travel distance for the occupants and do not consider smoke removal for manual fire
fighting and overhaul operations.

4) David Kerr (Fire Protection Engineer)
Plano Fire Department - 578-7161

Plano evaluates requirements for this type facility on a case-by-case basts based on
commodity, building area, storage height, etc. (per 1991 UFC Article 81). A 100,000+
sq ft plastics manufacturing/storage facility with storage above 15 ft would need
smoke/heat vents and sprinklers. They are not revising code requirements.

One reason for the differing information is that without details of building size, layout and processes
involved it is difficult to make a determination. My impression is that the cities which gave me different
interpretation than they gave Maxi-Lift were not given complete information by Maxi-Lift to analyze.

Use of smoke and heat vents in sprinklered buildings is an age-old question which has generated more
disagreement among fire protection professionals than any other high-piled fire protection issue.
Currently adopted codes {which are nationally recogmized) is our best source of information on this
subject. I recommend we require compliance with our code.
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MEMORANDUMHM

Septemper 01, 1994 U>
TO: Bob Wallingford, Fire Chief %Eé
FROM: Jim Stephens, Fire Prevention offider

SUBJECT: (ode Bnforcement Survey, Area Deparnt

Pursuant to our conversation and in response to the survey conducted
by Maxi~Lift, please make note of the following findings.

This survey was conducted in an effort to further solidify our
position on the issue of smoke and heat vents. It was also conducted
in a continuing effort to try and help Maxi-Lift resolve this issue.
However, despite the effort I was unable to uncover any documentation
to further support Maxi-Lift's position.

All of the following departments were asked the same guestions and
presented with the same scenario as this Department has before 1t.
1. Building a 100,000+8q.ft. building

2. Plastics molding manufacturing plant with high pile storage.

3. Installation of an ESFR sprinkler system.

4. Are smoke and heat vents reqguired?

Arlington F.D.{817) 459-5526-James Patterson, Deputy Fire Marshal.
Smoke and heat vents are required by U.F.C. '91ed.

Irving F.D.{214) 721-2651-Mary Pettigrew, Assistant Fire Marshal.
Smoke and heat vents are required by U.F.C. '9led.

Coppell F.D.(214) 462-1133~John Linstrom, Assistant Fire Marshal.
Smoke and heat vents are required by U.F.C. '9led.

The Colony F.D.{214) 6€25-3944-David Wallace, Fire Marshal.
Answer same as above,

Farmers Branch ¥F.D.{214) 919-2656-Gordon Robbins, Fire Marshal.
Answer same ag apove.

Fort Worth F.D,{817) 871-6808-Jim Tidwell, Assistant Fire Marshal.
Answer same ag above.
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1831 UNIFORM FIRE CODE 81.101-81.104

ARTICLE 81
HIGH-PILED COMBUSTIBLE STORAGE

Scope

Sec. 81101 Storage of high-piled combustible material and high-rack stor-
age systems shall be in accordence with this article. Factors such as method and
height of stock piling, combustibilily of materals, fuel load and rae of heat re-
izase, areas and size of piles, aisles, automatic fire-extinguishing systems,
smoke-removal systems, fire profection and fire separations are considered. In the
abseace of specific provisions in the article, U.F.C. Standard No. 81-1 or 31-2
shall apply.

Definitions

Sec, 81.182. For definitions of AEROSOL, COMMODITY, DESIGHATED
HIGH-PILED COMBUSTIBLE STORAGE AREA, HIGH-PILED COMBUS-
TIBLE STORAGE and HIGH-RACK STORAGE SYSTEMS, see Ariicle 9.

Permits

Sec, 81,163, For permils to use buildings for high-piled combustible storage,
see Section 4.108.

Commodity Classifications
See, 21.104. (a) General. Commodity classifications shall be as defined and in
accordance with this section.

Plastic materials iisted within cach commedity clagsification are assumed to not
te modified for improved combustibility characteristics. Use of flame-retarding
modifiers or the physical form of the material can change the classification.

(b Class I Commodities. Class 1 commodities are commodities which are
essentially noncombustible products on wooden or nonexpanded polyethylene
solid deck pallets, in ordinary corrugated cartons with or without single-thickness
dividers, or in ordinary paper wrappings with or without palleis. Examples of
Class I commeodities include, but are not limited 10, the following:

Appliances, electrical

Bees or wine up to 20 percent alcohol

Cement in bags

Ceramics

Dalry products in nonwax-coated containers

Dry insecticides

Foods in noncombustible containers

Frozen foods

Fresh fruits and vegetables in nonplastic irays or containers
{lass

s
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81.105-81.107 1991 UNIFORM FIRE CODE

Nationally recognized standards or guidelines as applicable may be used when ap-
proved by the chief.

Automatic Fire-extinguishing Systems

Sec. 81.1046. (3} General, When required by Table No. 81.1053-A, an approved
automatic fire-cxtinguishing system shall be provided. The design and installation
of avtomatic fire-extinguishing systems shall be in accordance with the Building
Cade and U.EC. Standard No, 81-1 or No. 81-2. The design and installation of
automalic fire-extinguishing systems for the storage of Level 2 and Level 3 aerosol
products shall also be in aceordance with Article 88.

{b) System Design. The fire-extinguishing systems shall be designed by a reg-
istered engineer or an appraved degigner. When approving & system design, the
chief may consider the standards and recormendations of the National Fire
Protection Association, Factory Mutual Engineering or other nationally recog-
nized fire-protection authorities.

Smoke Venting, Smoke Removal Systems and Curtain Boards:

Sec. 31107, (a) General. When required by Table No. 81.105-Af smoke and
heat vents or mechanical smoke removal systems shall be provided, and shafl be
in accordance with this section.

{t} Smeke and Heat Vents and Curtain Boards. 1. General. The design and
nstaliation of smoke and heat vents and curtain bouards shali be as specified in the
Building Code, except a5 modified by this subsection.

2. Vent design, Smoke ard heat venis shali be approved and shall be operated
apiomatically by acluation of a heatresponsive device rated at between 100°F.
and 220°F. above ambient. Approved smoke and heat vents shall activate fully
when the vent cavity is exposed (o a simulated fire or a time/lemperature gradient
that reaches an air temperature of S00°E within five minutes. Smoke and heat
vents shall have the capability of being opened by an approved manual operation.

3. Vent dimensions, The minimum dimension of any smoke and heat vent
opening shall not be less than 4 feet.

4. Location of vents and curtain boards, Smoke and heat vents and curtain
boards shall be installed in accordance with Table No. 81.107-A.

(c) Mechapical Smoke Removal Systems. 1. General. Mechanical smoke re-
moval system capability shall be determined as set forth in this subsection.

2, Locationof curtain beards, Curtain boards shalf be provided in secordance
with Table Ng. §1.107-A.

3. System capacity. The volume of mechanical ventilaiion required shall be
determined by the following formula:

V= A X300
WHERE:
¥ = volume of mechanical ventilation required, in cubic feet per rainute.
A = area of roof vents required by Table No. 81.107-A, in square feet.

412
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TABLE NO. B1.105-A<REQUIREMENTS FOR FIRE PROTECTION

; SMALL HOSE
SMOKE REMOVAL ¢ CONNECTION
MAXIMUM
BESIGNATED |  AUTOMAND MAXIMIM GSABLE | MAXIMUM
LOM- STORAGE FIRE- SMBKE BUILDING | weinisesn MLE STORAGE PILE
MOoITyY EXTINGUISHING - DETECTION ACLESS AELE | DIMENSIONY | HEGHT'SY | YOLUME 1y | Additiesal
GLASS fsq- 4.} SYSTEM SYSTEME | {Sec 51.109) | WDIH ") 4 {eu.f.) | Mackanical ¢ VYenls | Valves | Equipesent
v 0-500 NR N/R N/RE N/R N/R N/R N/R N/ I NR | NR N/R
S01-2,500 NR Yes N/RE Bt 100 40 100000 NR | NR | NR N/R
2,501 Yes N/R nNyms # 100 49 4000061 NR [ NR | NR N/R
12000
Option |
2,501- KR Yes Yes &1 HIo 40} 25,000 Not Yes | Yes Yes
12,000 allowed
Option 2
12,001 Yes MR Yes @ 100 40 4030 000 10 MR N/R
20,000
20,001~ Yes N/R Yes. ¥ 100 40 400,000 w ! Yes Yes
300,000
Greater Yoy t2 Yes 9 Het: Un- {Un- o 12 Yes
than {imited timited
00,0001
v 0-500 N/R N/R N/RE NR N/R MR N/R N/R N/R | N& N/R
501- NR Yes N/RE R, S0 0 S0,000 N/R N/R | Yes Yes
250013
2501~ Yes 2 Yes g 50 30 75,008 w0 Yes Yes
5000012

O

AC00 THIL WHOAINN 1661

V-sg118
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Tligh-piled stock ares is allowed to be treated as a separate area i it s separated from other areas of the building with a two-hour area separaion
wall or if individual areas are s minimum 60 fest apart measured horizomally in 2 direct line and there is no combustiblc storage between piles.

25moke detection systems shall be supervised and instalied throughout the huilding.

*Not applicable to double- or single-row rack storage with adiacent aisles,

“Usable storage height is the distance from the floor ko a point net fess than 18 inches below the ceflisg sprinkler head deflectors.

SFor storage in excess of 40 Feet In height, protection shall be provided as required for designated siorage areas exceeding 300,000 square feet,

SPor Level 2 and Level 3 aerosol products, see Article 88,

TWhen “yes™ appears in this column, hoses, nozzles, hose racks and cabinets shal] be provided as required by the chief.

8anticle 10, Diviston U shall apply.

?access aisles shall be provided as specified in 81,108, Where precludad by high-rack siorage systems, alternate methads of access and altemate
approved methods of protection may be provided as approved by the chicf.

'“Smcijﬂmé heat vents or mechanical smoke-removal systems shall be provided. The type of system 1o be used, mechanical or vants, shail be

foiohest

appraved by the FRids Baged on HAHSRall recognized enginesring practices. -

HSpecial fire-protection provisions, such as but not lmited 10, #rsa separation walls, fire protection of exposed steel, in-rack smoke detection,
intreased sprinkler density or additional in-rack sprinklers shall be provided when required by the chief.

12As required by the chief.

3N ationally recognized standards or guidelines as applicable o specific commodities may be used when approved by the chiefl

N/R~——Naot Required

S

¥-c01'18

300D Fdid WHODINDG (681
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I E°C1H
INTERNATIONAL FIRE CODE INSTITUTE

UNIFORM FIRE CODE INTERPRETATION

SURJECT: Recent Factory Mutual Test Data and Elimination of Smoke and Heat Vents
and Draft Curtains When ESFR Sprinkler Systems are Installed

Q: What is IFCE's position on the eleimination of smoke and heat vents based on the
. Factory Mutual Loss Prevention Data Sheet 2-2 regarding Early Suppression Fast
~Response (ESPFR) sprinklers' which recommends construction without roof vents

and draft curtaing?

A: At this time, the tests upon which this recommendation is based do not appear to .
“have been exhaustive enough to warrant elimination of roof vents and draft
curtains required in Article 8F. In fact, recent fire test summaries from FM state:
‘that test data should be considersd preliminary and may be subject to correction-
- or change.” Withour exhaustive tests and 2 thorough review of the test results by
qualified independent fire protection engineers and our membership, IFCI's
position, based on the current U.F.C. requirements is that roof vents and draft
curtains should not be eliminsted, We will continue to take this position
regarding application of Article 81 with respect to roof vents and draft curtains
untif such time that a code change to review the code requirements is successful.
You may wish to now that the U,F.C. requirements for draft curtains did change
in the 1994 edition to only require curtains around the perimeters of ESFR
sprinkler systems,

Attached, please find 2 copy of a recent code interpretation that expands further
on the suhject.

(#1502 :ufchinterps\drfterins. 91)

Q300 Jollyville Road. Suite 108 * Austin, Texas 78759-7455 & {512} 345-CODE & FAX (512} 343-9114
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AUG 19 94 14157 S512-343-4116 .38 @

Uniform Fire Code Interpretation

American Fire Journal
June 1994 Yzsue

by: Jefirey M. Shapiro, P.E.
Coordinator, Uniform Fire Code

SUBJECTS: Clearance Below Ceilings
Section 11.303 (b)

Storage of Pesticides
Section 80.301 and Article 86

Acceptability of using an early suppression, fast response (ESFR) sprinkler
system in lieu of the reguired smoke venting and draft curtain requirements
Table No. 81.105

Uniform Fire Code, 1991 Edition

Q1:  What is the purpose of the requirement in Section 11.303 (b) 1 requiring a 2-foot
clearance from ceilings for storage of combustible materials in buildings, and does this
regulation apply to storage along exterior walls?

Al:  Section 11.303 (b) 1 requires a 2-foot separation between the top of combustible
storage and ceilings to provide a space for firefighters to direct hoses on top of or over
storage during firefighting operations. The code does not provide an exception to this
requirement for storage located along exterior walls; however, from a practical
standpoint if the storage along walls is relatively shallow, there may be adequate
access for firefighters to extinguish a fire in such areas without the required ceiling
clearance. This determination would be within the scope of the chief’s authority by
accepting shallow storage along walls as providing equivalent firefighting access to the
code specified 2-foot clearance.

Q2: Is a commercial pest control company allowed to store their pesticides in a residential
shed next to a house?

A2:  Yes. The building containing the pesticides must be properly classified with respect to
occupancy. In addition, local zoning regulations should be evaluated regarding the
storage of commercial products in a residential area.

The building in guestion should be classified as either a Group B, Division 2 or Group
B, Division 4 Occupancy, provided that exempt amounts are not exceeded, and it must
meet all related regulations. The Group B, Division 4 classification should only be
applied if all stored material, containers, shelves, etc. are noncombustible. In addition,
all regulations in U.F.C. Article 86 will he applicable.
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What does Article 80 require for storage of pesticides that are toxic solids or liquids
below the exempt amounts on Table 8§0.312-A?

Storage of hazardous materials in quantities less than exempt amounts are regulated by
Section 80.301(a) 3 and Article 80, Division I.

A, proposed facility will have an area of approximately 100,000 square feet. The

building will be fully sprinklered and provided with a monitored fire alarm system.
The facility is to be used for storage of Class IV commodities on pallets, stacked to
height of approximately 16 feet without racks. The owner has proposed using an early

‘suppression-fast response (ESFR) sprinkler system in lieu of smoke and heat removal
systems ‘and draft curtains. [s this an acceptable alternative method?

No. /First consider the possible elimination of venting. Most certainly it can be

'ﬁg?ed that if a sprinkler system, ESFR or standard, is able to control a fire, the need

for smoke and heat venting or a mechanical smoke removal system is primarily for
salvage and overhaul and restoring the building to operational capacity. Furthermore,
it can be argued that the early suppression-fast response sprinkler system is likely to
control the fire more rapidly than a standard sprinkler system when the system is
operating properly and the commodity protected is commensurate with the design of
the system. However, these two contingencies, the system operating properly and a
commodity commensurate with design, among others create enough of a margin for
failure of the sprinkler system to control a fire that the overall level of protection:
would be compromisediif smoke and heat venting were not provided. Venting, at a’

" minimum, serves as an added factor or safety.

Unlike most storage warehouses, warehouses containing high-piled combustible storage
present a significantly greater fire load:arranged in a manner which increases the
burning rate of materials stored. Should the sprinkler system be unable to control a
fire; perhaps because the system is out-of-service for maintenance, the commodity
stored has changed to one which requires a greater density, the fire is ignited in such a
manner to overpower the sprinkler system (such as aerosols, flammable liquids or
perhaps a leaking fuel tank from a forklift), or if the fire is shielded in some manner
from the sprinkler water, the potential for disaster exists if adequate ventilation is not
provided.

In the event that the sprinkler system does not control the fire, vents and high volume
mechanical smoke ventilation systems provide a means of releasing smoke and heated
gases to facilitate a manual fire attack. The issue of whether the operation of vents
would inhibit the proper operation of sprinkler systems can be avoided by using
operating mechanisms on vents which are arranged to actuate®dnly after sprinklers:

‘have operated/and failed to adequately control a fire. Such an arrangement can be

created by studying the response time indices of the links used on the venting system
versus those used on the sprinklers. Without high volume venting, it can be stated
with a great degree of certainty that the fire department will be unable to achieve
control of a fire within this building if the sprinkler system fails to provide control.
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With high volume venting, there is a possibility that interior conditions ¢ould to allow
firefighters to enter a building for an interior attack and perhaps achieve control.
Elimination of venting places the entire burden for protection in the hands of the
sprinkler system.

Another related feature required by the U.R.C. is draft curtains. The purpose of draft
curtains is primarily to reduce the spread of smoke and heated geszes along the ceiling
and also to limit the nomber of sprinklers operated from a flash fire. Both of these
purposes seem commensurate with, rather than in conflict with, the use of an ESFR
sprinkler system; however, concems have been expressed that draft curtains in a
building protecied with ESFR sprinklers may deflect sprinkler discharge and risk
system failure for these closely engineered systems. Also, desires have been expressed
to encourage the use of ESFR systems and recognize the increased safety provided by
reducing the draft curtain requirements in ESFR protected buildings. As a result, a
code revision allowing draft curtain requirements to be reduced, providing curtains
only around the perimeters of ESFR Systems was successful, and in the 1994 edition
of the U.F.C,, Article 81 reflects this revision.

In conclusion, we do not feel that it would be appropriate to allow elimination of -

venting and draft curtains based on the installation of an ESFR sprinkler system. Such
a4 reliance would reduce the secondary level of safety required by the code, and should
a fire occur in the building which is not controlled by the sprinklers, it may require an

inordinate demanghonFire suppréssion forces’to contain the fire to the warehouse. A

reduction in draft curtzins commensurate with the revisions for ESFR Systems in the
1994 Code would be reasonable.
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ARTICLE 81 — HIGH-PILED COMBUSTIBLE STORAGE

SECTION 8101 — GENERAL

8101.1 Scope. Buildings containing high-piled combustible storage shall be in accordance with
Article 81. In addition to the requirements of Article 81, acrosols shall be in accordance with Article
88, flammable and combustible liquids shall be in accordance with Article 79, and hazardous mate-
rials shall be in accordance with Anticle 80.

8101.2 Definitions.

8101.2.1 General. For definitions of AEROSOL; ARRAY; ARRAY, CLOSED; BINBOX;
COMMODITY; CURTAIN BOARD; EARLY SUPPRESSION FAST-RESPONSE SPRINKLER;
EXPANDED PLASTIC; EXTRAHIGH-RACK COMBUSTIBLE STORAGE; HIGH-PILED
COMBUSTIBLE STORAGE; LONGITUDINAL FLUE SPACE; MANUAL STOCKING
METHODS; MECHANICAL STOCKING METHODS; SHELF STORAGE; AND TRANS-
VERSE FLUE SPACE, see Aricle 2.

8101.2.2 Limited application. Forthe purpose of Article 81, certain terms are defined as follows:

HIGH-PILED STORAGE AREA is an area within a building which is designated, intended,
proposed or actually used for high-piled combustible storage.

SOLID SHELVING is shelving that is solid, slatted, mesh, or grated located within racks that
obstructs sprinkler water penetration through the racks.

8101.3 Permits and Plan Submittal.

8101.3.1 Permits. For a permit to use a building for high-piled combustible storage, see Section
105, Permit h.3.

$101.3.2" Plans and specifications submittal, At the time of permit application, plans and speci-
fications including the information specified in Section 8101.3.2 shall be submitted for review and
approval. Following approval of the plans, a copy of the approved plans shall be maintained on the
premises in an approved location. The plans shall include the following:

1. Floor plan of the building showing locations and dimensions of high-piled storage areas.
2. Useable storage height for each storage area.
3. Number of tiers within each rack, if applicable.

4. Commodity clearance between top of storage and the sprinkler deflector for each storage
arrangement.

5. Aisle dimensions between each storage array.

. Maximum pile volume for each storage array.

. Location and classification of commeadities in accordance with Section 8101.4.
. Location of commodities which are banded or encapsulated.

D0 =] O

. Location of required fire department access doors.

10. Type of fire-suppression and fire-detection systems.

11. Location of valves controlling the water supply of ceiling and in-rack sprinklers.
12. Type, location and specifications of smoke-removal and curtain board systems.
13. Dimension and location of transverse and longitudinal flue spaces.

14. Additional information regarding required design features, commodities, siorage arrange-
ment and fire-protection features within the high-piled storage area shall be provided at the time of
permit, when required by the chief.
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8101.3.3 Evacuation plan. When required by the chief, an evacuation plan for public accessible
areas and = separate set of plans indicating location and width of aisles, location of exits and exit
signs, height of storage, and locations of hazardous materials shall be submitted at the time of per-
mit application for review and approval. Following approval of the plans, a copy of the approved
plans shall be maintained on the premises in an approved location.

81614 Commodity Classification.
8101.4.1 General.

8101.4.1.1 Classification of commodities. Commuoxdities shall be classified as Class [, IL {11, ¥
or high hazard in sccordance with Section 8101.4.1. Materials listed within each commodity classi-
fication are assumed 10 be unmodified for improved combustibility characteristics, Use of flame-
retarding modibers or the physical form of the material could change the classification. See Section
8101.4.2 for classification of Groups A, B and € plastics,

8101.4.5.2 Ciass I commodities. Class | commodities are essentially noncombustible products
on wooden or nonexpanded polyethylene solid deck pallcts, in ordinary corrugated cartons with or
without single-thickness dividers, or in ordinary paper wrappings with oF without pallets, Class 1
commaodities are allowed to contain a limited amount of Group A plastics in accordance with Sec-
tion 8101.4.3. Examples of Class I commodities inctude, but are not limited to, the following:

Alcoholic beverages not exceeding 20 percent alcohol
Appliances—noncombustible, elecirical

Cement in bags

Ceramics

Dairy products in nonwax-coated containers {excluding boites)
Dy insecticides

Foods in noncombustible containers

Fresh fruits and vegetables in nonplastic trays or conlainers
Frozen foads

Glass

Glyeol in metal cans

Gypsum board

Inert matenals, bagped

Insuiation, noncombustible

Noncombustible liguids in plastic containers having less than a 5-gailon (18.9 L) capacity
Noncombustible metal products

8101.4.1.3 Class I commeodities. Class II commodities are Class I products in slatted wooden
crates, solid wooden boxes, multiple-thickness paperboard carlons or equivalent combustible
packaging material with or without pallets. Class IT commodities are allowed to contzin a limited
amount of Group A plastics in accordance with Section 8101.4.3. Exampiles of Class 1 commodi-
ties include, but arg not Hmited 1o, the lollowing:

Alcohaolic beverages not exceeding 20 percent alcohol, in combustible containers
Foods in combustible containers

Incandescent or {luorescent light bulbs in cartons

Thinly coated fine wire on reels or in cartons
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8101.4.1.4 Ciass 1] commedities. Class Il commodities are commaodities of wood, paper, natu-
ral fiber cloth, or Group C plastics or products thereof, with or without pallets. Products are allowed
10 contain limited amounts of Group A or B plastics, such as metal bicycles with plastic handles,
pedals, sears and tires. Group A plastics shall be limited in accordance with Section 8101.4.3.
Examples of Class [II commodities include, but are not limited to, the following:

Aercsol, Level 1 (see Article 88)
Combustible fiberboard

{Cork, baled

Feed, bagged

Fertilizers, bagged

Frood in plastic containgrs

Fumniture: weod, natural fber, phelstered, nonplastic, wood or metal with plastic-padded and
covercd arm rests

Glycol in combustible containers not exceeding 25 percent

Lubricating or hydrautic fluid in metal cans

Lumber

Mattresses, excluding foamed rubber and foamed plastics

Noncombustible liquids in plastic containers having a capacity of more than 5 gallons (189 L}
Paints, oil basea, in me:ai cans

Paper, wasie, haled

Paper and pulp, horizontal storage, or veriical storage that is banded or protected with approved
wrap

Paper in cardboard bexes

Pillows, excluding foamed rubber and foamed plastics
Plastic-coated puaper Tood containers

Plywood

Rags, baled

Rugs, without foamed backing

Supar, bagged

Woed, baled

Wood doors, frames and cabinets

Yarus of natural fiber and viscose

8101.4.1.5 Class IV commodities. Class IV commoditiesare Class I, I or HI products containing

“Group A plastics in ordinary corrugated cartens and Classes 1, [ and HI prodacts, with Group A
plastic packaging, with or without pallets. Group B plastics and free-flowing Group A plastics are
also included in this class, The total amount of nonfree-flowing Group A plastics shall be in accor-

dance with Section 8101.4.3. Examples of Class IV commodities include, but are not limited to, the
following:

Aerosol, Level 2 (see Anticle 88)

Alecholic beverages, exceeding 20 percent but less than B0 percent alcohol. incans or bottles in
carons

Clothing. synthetic or nenviscose

1-351


http:commoditieS:.re

8101.4.1.5-8101.4.2.2 1994 UNIFORM FIRE CODE

Cambustible metal products (solid)

Furnirure, plastic upholstered

Furniture, wood or metal with plastic covering and padding

Glyeol in combustible containers (greater than 25 percent and less than 50 percent)

Linoleum products

Paints, oil base in rombustibie containers

Pharmmaceutical, aleoholic elixirs, tonics, etc.

Rugs, foamed back

Shingles, asphalt

Thread or yam, synthetic or nonviscose
B101.4.1.6 High-hazard commodities. High-hazard commodities are high-hazard products
presenting special fire hazards beyond those of Class 1 11, I or IV, Group A plastics not otherwise

classified are included in this class. Examples of high-hazard commaodities include, but are not lim-
ited to, the following:

Asrosol, Level 3 {see Article 88}

Aleohalic beverages, exceeding 80 percent aleohol, in botties or cartons
Flarmmmable solids {except solid combustibie metals}

Glyeol i combustible containers {50 percent or greater)

Lacquers, which dry by solvent evaporation, in meal cans or cartons
Lubricating or hydraulic fluid in plastic containers

Matmresses, foamed robber or foamed plastics

Pallets and flats which are idle combustible

Paper, asphalt, rolled, honzontal storage

Paper, asphalt, rolled, vertical storage

Paper and pulp, rolled, in vertical storapge which is unbanded or not protected with an approved
wrag

Pillows, foamed rubber and foamed plastics

Pyroxylia

Rubber tires

Vegetable oif and batier in plastic containers
8101.4.2 Classification of plastics.

81014.2.1 General. Plastics shall be designated as Group A, B or C in accordance with Section
g101.4.2.

§101.4.2.2 Group A plastics. Group A plastics are plastic materials having 2 heat of combustion
that is much higher thar that of ordinary combustibles, and a buming rate higher than that of Group
B plastics. Examples of Group A plastics include, but are not limited 1o, the lollowing:

ABS (acrylonitrile-butadiene-styrene copolymer)
Acetal {polyformaldehyde}

Acrylie (polymethy! methacrylate)

Buy! rubber
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EPDM {zthylene-propylene rubber)

FRP {fiberglass-reinforced polyester)
Natural rubber (expanded)

Nitrile rubber (acryloniteile-butadiene raobber)
PET or PETE {polyethylene terephihalate)
Polybutadiene

Polycarbonate

Polyester elastomer

Polysthylene

Polypropylerne

Polystyrene (expanded and unexpanded}
Polyurethane (expanded and unexpanded)

PYC {polyvinyl chloride greater than 15 percent plasticized, e.g., coated Iabric unsupporied
fiim)

SAN {styrene acrylonitrile}
SBR {siyrene-butadidne rubber)

8181.4.2.3 Group B plastics. Group B plastics are plastic materials having a heat of combustion
and a buming rate higher than that of ordinary combustibles, but not as high as those of Group A
olastics. Examples of Group B plastics inclade, but are not limited to, the following:

Cellulosics (cellulose acetate, cellulose acetate butyrate, ethyl cellulose)
Chioroprene rubber

Fluoroplastics (ECTFE, ethylene-chloroirifluorocthylene copolymer; ETFE, ethylens-tetra-
fluoroethyiene copolymer; FEP, fluorinated ethylene-propylene copolymer)

Natural risbber (nonexpanded)
Nylon (Nyion 6, Nylon 6/6)
PVC (polyviny! chloride greater than 5 percent, but not exceeding 15 percent plasticized)
Silicone rubber
8101.4.2.4 Group C plastics. Group C plastics are plastic materials which have a heat of combus-

tiort and a burning rate similar to these of crdinary combustibles. Examples of Group € plastics
inctude, bul are not lmited to, the following:

Fluorpplastics (FCTFE, polychlorotrifivoroethylene; PTFE, polytetrafluorcethylene)
Melamine (melamine formaldehyde)

Phenot .

PV {polyvinyl chloride, rigid or plasticized less than 5 percent, e.g., pipe, pipe fittings)
PY D {polyvinylidene chloride}

PYDF (polyvinylidene fluoride}

PVF {polyvinyl fluoride)

Urea (urea formaldehyde)

£101.4.3 Limited quastities of Group A plastics in mixed commodities. Figure $101.4-A shall
be uged o delermine the quantity of Group A Plastics allowed (o be stored in 2 package or carion or
on a paller withowt increasing the commodity classification,
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8101.5 Designmation of High-piled Storage Areas,

8101.5.1 General, High-piled storage areas, and portions of high-piled slorage areas intended for
storage of adifferent commodity class than adjacent areas, shall be designed and specifically desig-
nated 1 contain Class [, Class 1E, Class HI, Class [V or high-hazard commodities. The designation
of a high-piled combustible storage ares, or portion thereof intended for storage of a different com-
modity class, shall be based on the highest hazard commodity class stored except as provided in
Secrion 8101.3.2.

8101.5.2 Designation based on engineering analysis, The desigpation of a high-piled combus-
tible storage area, or portion thereof, is allowed 10 be based on 4 lower hazard class than that of the
highest class of commodity stored when a limited guantity of the higher hazard commodity has
been demonstrated by engineering analysis to be adequately protecied by the sprinkler system pro-
vided. The engineering analysis shall consider the ability of the sprinkler systern to deliver the
higher density required by the higher-hazard commodity. The higher density shall be based on the
actual storage height of the pile or rack and the minimum aliowable design area for sprinkler opera-
tion as set forth in the density/area figures provided in U.F.£ Standards 81-1 and 81-2. The contigu-
ous area occupied by higher-hazard commaodity shall not exceed 120 square feet (11.15 m?), and
additional areas of higher-hazard commaodity shall be separated from other such arcas by 25 feet
(7620 mm) or more.

The sprinkler systemn shall be capable of delivering the higher density over a minimum area of
900 square feet (83.6 m?) for wet pipe systems and 1,200 square feet (111.5 m?) for dry pipe sys-
tems. The shape of the design area shall be in acgordance with the Building Code (see U.B.C. Stand-
ard 9-13.

8101.6 Housekeeping and Maintenance,
£101.6.1 Rack structures. The structural integrity of racks shall be maintained.
8101.6.2 Ignition sources.

8101.6.2.1 General. Clearance from ignition sources shall be provided in accordance with Sec-
tion 1109,

8101.6.2.2 Smoking. Smoking shall be prohibited. Approved NO SMOKING signs shall be con-
spicaously posted. See Section 11054,

8161.6.3 Aisle maintenance. When restocking is niot being conducied, aistes shail be kept clear
of storage, waste material and debris, Fire department access doors, aisles and exit doors shall not
be obstructed.

During restocking operations using manual stocking methods, a minimum unobstrucied aisle
width of 24 inches (609.6 mm) shall be maintained in 48-inch (1219.2 mm) or smaller aisles, and a
minimum unobstructed aisle width of one haif of the required aisle width shall be mainained in
aisles greater than 48 inches {1219.2 mm). During mechanical stocking operations, 2 minimum
unebstrucied aisle width of 44 inches {11176 mm) shall be maintained. See Section: 8102.9.

8181.6.4 Pile dimension and height limitations. See Section 8103.3.
8101.6.5 Arrays. See Section 81034,
8101.6.6 Fiue spaces. See Section §104.3.
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FIGURE 8101.4-A—MIXED COMMODITIESE
{See Section 8101.4.3;
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Percent by Weight of Unexpanded Plastic?

"'This table is intended 1o determine the commedity classification of 2 mixed commodity in a package. carion oron a
pallet when piastics are invoived.

2The following is an example of how (o apply the table: A package containing a Class 1T commedity has 12 percent
Ciroup A capanded plastic by volume. The weight of the unexpanded plastic is 10 peecent. This comenedity is classi-
fied as a Class IV commodity. If the weight of the snexpanded plasic is increased 10 14 percent. the classification
changes w a high-hazard commodity.

IPercent by volyme = Volume of plastic in pallet load
Total volume of pallel load, including pailet
Weight of plastic in palles kead
Total weight of pallet fvad, including patlet

dpercent by weight =

SECTION 8102 - GENERAL FIRE-PROTECTION AND LIFE-SAFETY FEATURES

81021 General. Fire-protection and life-safety features for high-piled storape aceas shall be in
accordance with Section 8102, Nationally recognized standards or guidelines, as applicable, are
altowed to be used when approved by the chief.

8§102.2 Separation of High-piled Storage Areas. Portions of buildings that do not meer the
requirements of Article 81 for high-piled storage areas shall be separated from high-piled storage
areas by one of the following methods:

EXCEPTION: Separation is not required between accessary areas that are fully protecied with automatic
sprinkler systems, Accessory areas shall include. But need mot be limited to, loading areas. check cut areas.
restyocms, employee lounges and offices. Fire protection for high-piled storage and smwoke aad hem venting
shall extersd 4 minimeem of |5 feer (4572 man) beyond the high-piled siorage area.

L. A wwo-hour area-scparation wall between aress not protected with aulomatic sprinkler sys-
tems or high-piled sterage areas in excess of the maximum allowable areas set forth in Table 81-A,

2. A GO-foot {18 288 mm) space not used for combustible storage, or
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3. A minimum of 2 one-hour occupancy separation wall between other sprinklered areas thatare
not accessory to the high-piled storage sres,

8102.3 Fire Sprinklers. Fire sprinkler systems shall be provided in accordance with Sectiong
8103 and 8104,

8102.4 Fire Detection. When firc detection is required by Table 81-A, an approved automatic
fire-detection system shatl be installed throughour the high-piled storage area. The system shall be
monitored and shall be in accordance with Section 1007,

8102.5 Building Access.

8102.5.1 Access roadways, When building access is required by Table 81-A, zccess rosdways
shall be provided to within 150 fegt (45.7 mm) of all portions of the exterior walls of buildings used
for high-piled storage.

EXCEFPTION: When access roads cannot be installed due to topography, railways, waterways. nosnego-

tiabie grades orother similar conditions, the chief Is awthorized to require additional fire protection as eeguired
for special hazards in Section HE1 9.

Specifications for fire apparatus access roads shall be in accordance with Secrion 902.2,
8102,5.2 Access doors.

8102.5.2.1 General. When building access is required by Table 81-A, fire department access
doors shall be provided in accordance with Section $102.5.2. Access doors shall be accessible with-
out the use of a ladder.

8102.5.2.2 Number of doors reguired. One or more access doors shall be provided in each 100
lineal feet {30 480 ram}, or major fraction thereof, of the exterior walls which face required zecess
readways,

£1902.5.2.3 Door sizeand type. Access doors shall not be less than 3 feet (314 mm} in width and
& feet 8 inches (2032 mm} in height. Roll-up doors shall not be used unless approved by the chief,

8102524 Locking devices. Only approved locking devices shali be used.
8102.6 Smoke and Heat Removal.

§102.6.1 General. When smoke and heat removal are required by Table §1-4, smoke and heat
vents shall be provided in accordance with Section 3102.6.

EXCEFTIONS: 1. When the installation of soke and heat vents is determinad by the chief o be imprac-

fical, meghanical smoke-removal systems are allowed 1o be provided inaccordance with 1. 8.0, Sandard §1-3.

2. Frozen food stworage classilied as a Class T or Class {f commodity is not required 1o be provided with
smoke and heat vents or mechanical sioke removal when protected by an automatic sprinkler system.

8102.6.2 Types of vents, Smoke and heat vents shall be of an approved type and shall be operated
automatically by acrivation of a heai-responsive device rated berween 100 and 200°F. (37.8 and
182.2°C.}) above estimated ambient lemperatures. The heat-responsive device shail be listed and
Iabeled. Smoke and heat vents shall activate fully when the vent cavity is exposed to a simulated fire
or a imeftemnperatire gradient that reaches an air temperature of 500°F (260°C.) within five min-
uies. Smoke and heat vents shall have the capability of being opened by an approved manual opera-
tion.

8102.6.3 Vent dimensions. The effective venting area shall not be less than 16 square feer (1.49
m?} with no dimension less than 4 feet {1219 mm), excluding ribs or guiters having a total width not
excesding 6 inches {1524 mm).

8102.6.4 Vent locations. Smoke and heal vents shall be located in accordance with Tabie §1-B,
Venis shall be located 20 feet (6056 mm) or more from lines of adjacent properties and 10 feet (3048
min} or moee from ecoupancy separation walls separating other high-piled storage areas. Vents
shali be uniformly located within the roof area above high-piled storage aress,
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§162.7 Curtain Boards.

£102.7.1 General. When curtain boards are required by Table 81-A, curtain boards shall be pro-
vided in accordance with Section 8102.7.

8162.7.2 Construction. Curtain boards shall be constructed of shest metal, lath and plaster, gyp-
sum wallboard, or other approved materials which provide equivalent performance that will resist
the passage of smoke. Joints and commections shall be smoke tight.

8102.7.3 Location and depth. The location and depth of curtain boards shall be in accordance
with Tabie B1-B.

#1028 Hose Stations and Hose Connrections.

8102.8.1 Small hose stations. When small hose valves and stations are required by Table 81-A,
approved 1/2-inch (38.1 mm) hose valves shall be provided at approved locations. When required
by the chief, hose. nozzles, hose racks, and cabinets or covers shall be provided. See ULEC, Stand-
ards 81-1 and 81-2.

B1062.8.2 Fire department hose connections. When exit passageways are required by the build-
ing code for egress, a Class [ standpipe system shail be provided in accordance with the Building
Code. See U.B.C, Standard 9-2.

81029 Aisles,

8102.9.1 General. Aisles providing access to exits and fire departmernt access doors shall be pro-
vided in high-piled storage areas exceeding 300 square feet {46.45 m?) in accordance with Section
%1329, For aisles separating storage piles or racks, see also ILEC. Standards 81-1 and 81-2 and
Arxticle BR.

EXCEPTION: Where aieles are precluded by rack siorage systems, alierate methods of access and
protection are allowes when appraved by the chief.

8162.9.2 Width.

8102.9.2.1 General. Aisle width shall be in accordance with Section 8102.9.2,
EXCEPTIONS: L. Cross aisles used oniy for employee access between aisles shall be 24 inches (609.6
min) Or more in widii,
2. Aisles separating shelves classified as shelf storage shall be 30 inches {762 miun} o mare in widih.

§102.9.2.2 Sprinklered buildings. Aisles in sprinklered buildings shall be 44 inches (1117.6
mm} or mare in width. Aisles shall be 96 inches (2438.4 mm) or more in width in high-piled storage
areas exceeding 2,500 square feet (232.26 ) in area and designated to contain high-hazard com-
medities.

Aisles shall be 96 inches (2438.4 mm) or more in width in public accessible areas where mechan-
ical stocking rnethods are used.

£102.9.2.3 Nonsprinklered buildings. Aisles in nonsprinklered buildings shall be 96 inches
{2438.4 mm) or more in width,

8102.5.3 Clear height. Therequired aisle width shall extend from ficor toceiling. Rack structural
supports and catwalks are allowed to cross aisles at a height 6 feet & inches (2032 mm) or more
above the level of the finished floor, provided that such supports do npot interfere with fire depant-
ment hose stream frajectory.

$102.9.4 Dead ends. Dead end aisles shalf be in accordance with the Bailding Code (see U.B.C.
Chapter 10).

8§1(2.1) Portable Fire Extinguishers. Portable fire extinguishers shall be provided in accord-
ance with ULF.C, Ssandard t0-1.
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SECTION 8103 — SOLID-PILED AND SHELF STORAGE

8103.1 General, Shelf storage and storage in solid piles, solid piles on paliets and binbox storage
in binboxes aot exceeding 5 feer (1524 mm) in any dimension shall be in accordance with Sections
2102 and 8103,

8103.2 Fire Protection.

8193.2.1 General. When fire sprinklers are required by Table 81-A, an approved automatic fire
sprinkler syster shall be installed, The design and installation of the automatic fire sprinkler sys-
tem and other applicable fire protection shall be in accordance with the Building Cede (see UB.C.
Standard 9-1) and UEC, Standard 81-1.

8103.2.2 Shelf storage. Shelf storage greater than 12 feet (3658 mm) but less than 13 feet in
height shall be in accordance with the firs-protection requirements set forth in UEC, Swndard
B1-!. Shelf storage 15 feet (4572 mm) or more in height shall be protected in an approved manner
with special fire protection, such as in-rack sprinklers.

£143.3 Pile Dimension and Height Limitations, Pile dimensions, the maximum permissible
storage height and pile volume shall be in accordance with Table 81-A.

81034 Array. When 2 fire sprinkler system design ntilizes protection based on a closed array,
array clearances shall be provided and maintained as specified by the standard used.

SECTION 8104 — RACK STORAGE

8184.1 Genersl. Rack storage shall be in accordance with Sections 8107 and 2104, Binhoxes
exceeding § feet (1524 mm) in any dimension shall be repulated as rack storage.

£194.2 Fire Protection,

8104.2.1 General, When fire sprinklers are required by Table 31-A, an approved auiomaiic fire
sprinkler system shall be installed. The design and installation of the automatic fire sprinkler sys-
tem and other applicabie fire protection shall be in accordance with the Building Code (see UB.C
Standard 9-1) and U.FC. Standard 81-2.

§104.2.2 Plastic paliets and shelves. Storage on plastic pallets or plastic shelves shall be pro-
tected by approved specially engineered fire-protection systems,

8104.2.3 Racks with solid shelving,

8104.2.3.1 General. Racks with solid shelving having an area greater than 32 square feet (2.97
m?}, measured between approved flue spaces at all four edges of the shelf, shall be in accordance
with Scction 8104.2.3.
EXCEPTION: Racks with mesh, grated, slawed or similar shelves having uniform openings not more than
& inches {152.4 mm} apant, comprising at least 30 percent of overall shelf area, and with approved flue spaces,
are allowed to be irepted as racks without solid shelves,
8104.2.3.2 Fire proteciion. Fire protection for racks with solid shelving shall be in accordance
with the reguirements for racks with solid shelving set forth in U.F.C. Standard 81-2 or other nation-
ally recognized standards. See Aticle 90, Standard f.1.1.

8104.3 Flue Spaces.

8104.3.1 Genera). Flue spaces shal! be provided in accondance with Section 8104 3. Required
flue spaces shall be maintained.

8104.3.2 Transverse flues. Racks that are not protected with an approved in-rack sprinkler sys-
teen shall have nominal 3-inch {76.2 mmj transverse flue spaces provided between loads or at rack
uprights. Random variation in width or in vertical alignment is allowed, provided the configuration
does not obstruct water penetration.
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8104.3.3 Longitudinal flues. Six-inch (152.4 mm) longitudinai flue spaces shall be provided in
double and multirow racks.

EXCEPTION: Longimdinal flue spsces in double-row racks oot exceeding 25 feel (7626 mm) without
solid shelving that are provided with 6-inch {1524 mm} iransverse flue spases.

8104.3,4 ESFR sprinklers. Longitudinal flue spacing shall be provided in rack configurations
that are protected by early suppression-fast response (ESFR) sprinklers,

81¢4.4 Colurun Frotection. Steet building columns shall be protected in accordance with UEC,
Standard §1-2.

8104.5 Extrahigh-rack Storage Systems.

8104.5.1 Required approvals. Approval of the chief shall be oblamned prior to instaliing extra-
high-rack combustible storage.

8104.5,2 Fire prodection. Buildings with extrahigh-rack combustible storage shall be protected
with a specially engineered automatic sprinkler systemn, Extrahigh-rack combustible storage shall
be provided with additional speciat fire protection, such as separation from other buildings and
additional buikt-in fire-protection features and fire depariment access, when required by the chief.
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' TABLE 81-A—GENERAL FIRE-PROTECTION AND LIFE-SAFETY REQUIREMENTS

SOLI-FILED STORAGE, SHELF STORAGE ANO
PALLETEZED STORAGE
ALL STORAGE AREAS (Soe Seclions BIDZ. 8103 snd G1M)E {Ses Sasifes 810035
S42E 9F HICH-FILED Maxlmum i’ﬁajtﬂm
! A -]
STORAGE AREA! (xg. #1.} Astomatic Flre- | Fine-dutection Bufidin Smoke and in 6 Semalk Hose | PiteTlien- Siorags Meximun Plig
COMMOBITY (Sea Saclian 4102.2) ssﬂg:: zmu Syominen | Aegem ffee ’f?é“s%ﬁm' - %ﬁ Seciion ﬁimsae": S | stentih) Helghto{n.) | Vetume {eu. )
CLASE = 0088 lor me Secinn 8102.3) 3102 4} 8162.5} 8102.5) 21832.3) tion B192.6) x 3048 lor mm x B.0283 for m3
TRV 0.300 MNE NR NRS NR NRI NR NR NR NR
501-2,500 NR Yes NRS MR NR? NR 100 40 1,000
2,501-12,000 Yes NR NRE NR NR3 NR 100 490 400,000
Public aceessible
2,501-12.000 Yes NR NRS NR NR3 NR 100 an 400,000
Nonpublic accessible
{Option 1}
2.301-12,000 NR Yes Yes Yes Yes Yes 100 307 200,000
Nonpublic accessible
{Omion 2)
12,0(+1-20,000 Yes NR Yes Yoy Yes Yes 140 40 400,000
T 20,00 500,000 Yes NE Yo Yes Yos Yes 100 40 460,000
Greater than 500,0008 Yes NR Yes Yes Yes Yes [fals] 48 400,000
High 0-500 NR NR NRS NR NR3 NR 50 NR N
hazard 501-2,500 Yes NR NRE NR NR? NR 50 30 75,000
Public accessibie
501-2.500 Yeu NR NRO NR NE? NR 50 30 75.000
Monpubiic aceessible
{Option 1)
5012500 NR Yes Yes Yes Yes Yes 50 0 53,000
Nonpublic accessible
{Opuion 2)
2.501-300,000 Yoy NR Yes Yes Yes Yes pit 30 75,000
300,001 -500.000%% Yoy KR Yes Yes Yes Yes 50 k'] 75,000

MR = Mot reyuired,

PThe size of the high-pilod storage arei 10 be considured when using s wble shall inclode the high-piled storage area 2od alf portions of the bullding not separsied from the

high-piled storage area in accordance with Section 8102.2.
2Fpr aistes, see Section 8102.9.
ICurain boards shall be mnsialled as required by the Building Code, Sue U.B.C. Section 906,

Y-i8
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SPiles shall e separated by nisies complying with Section 8102.9,

$For storage inexcess of the height indicated, special fire protection shail be provided in accordance with Footnole B when required by the chief, See also Artictes 79 and 88 for
special mitations for flammable and combaustible liquids and aerosols,

S8eceion D022 shajl apply for fire apparatus access,

TEor storage cxceeding 30 feet (914 men) in height, Option 1 shall be used.

8Zpecial fire-protection provisions such as, but nol limited 1o, fire protestion of exposed steet columas) increased sprinkler dengity; additienal in-rack sprinkTers, without
associgred reductions in ceiling sprinkler density; or additional fire depanmens hose connections shail be provided when yequired by the chief,

¥High-piled storage arcas shali not exceed 500,000 square feet {46 451.5 m?). A two-hour area separation wall shafi be used 6 divide high-piled storage exceading 500,000
square feet {46 451.5 m?) in area.

TABLE 81-B--REQUIREMENTS FOR CUHTAIN BOARDS AND SMOKE VENTING?
{See Sections 8102.6.4 and B102.7.3)

MANIMUM AREA FOANMED HAKIMUM SPACIHS SEAXIMUM DISTANSE TO

DESIGHATED STORARE CURTAIN 8DARD AY CURTAIN BOARD OF VENT CENTERS YENTS FROM WALL O

HEGHT ML) QEFTH () #a. B} VENT AREA TO FLOOR i CURTAIN BOARDSY U]

COMMOMTY CLASSIFIDATION » 3048 lor mm w0.0029 lor m* AREA RANIC x 4548 (9? mm

v 20 or less 6 10,000 1:100 100 &0
{Option 1) aver 20-40 & 8.000 175 100 55
LV 70 or less 4 3.000 175 150 55
{Option 2 over 2040 4 3,000 150 100 50
High hazard 20 or less 6 8,000 1:50 100 50
(Optian 1) over 20-30 6 6,000 1:40 50 a3
High ‘hazurd 20 or less 4 4,000 1:58 100 50
{Option 2) aver 20-30 ] 2,000 1:30 75 45

{For rack storage heights inexcess of those indicated, see Section §104.5. For solid -piled storage heights in excess of those indicated, an approved engineered design shaili be
used,

When canain boards ure provided in buikiiags equipped with carly suppression-fast response sprinklers, the curiain boards shall be focated only at the perimeters of sprinkler
sysiems.

IThe distance specified is the maximum dislance from any vent in a panicular cartained area 1o walls or curtain boards which form the perimater of the curiained zeon.

3A00 A RHOLINA p66l
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10. Sec. 5-13.2 is revised as follows:

Sec. 5-13.2. Sprinklers shall be installed at the ceiling and beneath
shelves in single-, double- and multiple-row racks with solid shelves,
as sel forth in U.E.C. Section 81.402 (c), in accaordance with Table No.
5-13.2. Design curves for combin2d ceiling and in-rack sprinkiers shall
be used with this type of storage configuration.

TABLE NO, 5-13.2—SPRINKLER REQUIREMENTS FOR SOLID

SHELF STORAGE
SPRINKLERS REQUIRED IN-RACK
COMMODITY STORAGE Shelf Area 32-50 Shelf Area Grealer
CLASS HEIGHT (t.) Square Feet Than 50 Square Feet

Over 12-20 1 level! Every tier of

slorage
I-Iv Over 20-25 2 levels? Every tier of

slorage

Qver 25 3 3

High hazard Over 12 Every tier of Every tier of

storage slorage

Locate one levet of in-rack sprinklers at a height of one half to two thirds of the
rack height.

2Locate one level of in-rack sprinklers at a height of one fourth 1o one third of
the rack height and a second level a1 two thirds to three fourths of the rack
height.

IProtect in accordance with nationally recognized slandards. See U.F.C. Scetion
2.304 {b). S1andard No. f.1.1.

11. Sec. 6-1 is revised by substituting the phrase “the Building
Code. See U.B.C. Standard No. 38-1"" for the phrase “ILnstallation
of Sprinkler Systems, NFPA 13.”

12. Sec. 7-1 is revised by substituting the phrase “the Building
Code. See U.B.C. Standard No. 38-1” for the phrase “‘Installation
of Sprinkler Systems, NFPA 13.”

13. Sec. 8-1.4, Exception 4, is revised by substituting the phrase
“the Building Code. See U.B.C. Standard No. 38-1” for the phrase
“NFPA 13, Standard for Installation of Sprinkler Systems.”

14. Sec. 8-1.5 is revised by substituting the phrase “the Building
Code. See U.B.C. Standard No. 38-1" for the phrase “NFPA 13,
Standard for Installation of Sprinkler Systems.”

15. Sec. 9-1.2 is revised by substituting the phrase ‘‘the Building
Code. See U.B.C. Standard No. 38-1" for the phrase “NFPA 13, In-
stallation of Sprinkler Systems.”

16. Sec. 10-2.3 is revised by substituting the phrase *“the Building
Code. See U.B.C. Standard No. 38-1"" for the phrase “NFPA 13, In-
stallation of Sprinkler Systems.”

17. Chapters 11, 12 and 13 are deleted.

Part il

Reproduced with permission from the Standard for Rack Storage of
Materials, NFPA 231C, copyright 1991, National Fire Protection Asso-
ciation, One Batterymarch Park, Quincy. Massachusetts 02269. Per-
sons desiring (o reprink in whole or part any portion of the Standard for
Rack Storage of Materials, NFPA 231C—199]. must secure permis-
sion from the National Fire Protection Association. The following is not
necessarily Lhe latest revision used by NFPA. If the reader desires o
compare that version, the same is available from NFPA.

Also:
Add a U.F.C. standard as follows:

UNIFORM FIRE CODE STANDARD NO. 81-3
MECHANICAL SMOKE-REMQVAL SYSTEMS

See Section 81.206 (a), Uniform Fire Code

Scope

Sec. 81.101. Mechanical smoke-removal systems designed 1o
remove smoke from high-piled storage areas after a [irc is extinguished
and assist the fire department during suppression operations shall be in
accordance with this standard. When mechanical smoke-removal sys-
temns are provided, curtain boards shalt be provided as required by
U.E.C. Section 81.207.

94

System Capacity

Sec. 81.102. The volume of mechanical ventilation required shall be
determined by the following formula:

V=Ax 300
WHERE:
V = volume of mechanical ventilation required, in cubic feet per

minuie,
area of roof vents required by Table No. 81-B, in square
feet.

A =

Supply Air

Sec. 81.103. Supply air for exhaust fans shall be provided at or near
the floor level and shall be sized (o provide a minimum of 50 percent
of required exhaust. Opcnings for supply air shall be uniformly distrib-
uted around the periphery of the area served.

Fans
Sec 81.104. Fans shall be in accordance with the following:

{a) The individual capacity of a fan shall not exceed 30,000 cubic feet
per minule;

(b) One or more exhaust fans shall be provided in each curtained
area, and when more than one exhaust fan is provided in a curtained
area. the fans shall be uniformly spaced within the curtained area. The
distance between fans within a curtained area shall not exceed 100 feet;

(c) Wiring and smoke-removal fan units shall be thermally protected
in a manner that will provide continued operation for not less than 15
minutes while exposed o a temperature of 1,000°F; and

EXCEPTION: Wiring and electrical cquipment installed on the exte-
rior of the building.

(d) Controls for mechanical smoke-removal systems shall be as fol-
lows:

. On combination comfort air-handling and smoke-removal sys-
tems. and on independent comfort air-handling systems, fans shall be
controlled to shut down in accordance with the automatic shutoff
requiremems of the Mechanieal Code or by activation of automatic
extinguishing or detection systems:

2. Electrical service 1o the smoke-removal systems shall be con-
nected on the line side of the main electrical disconnect; and

3. The smoke-removal sysiem shall be provided with a fire depan-
ment control panel located in an approved location and clearly identi-
fied. The contro! panel room shall be protected by not less than a one-
hour occupancy separation in accordance with the Building Code. The
room shall be accessible from the exterior of the building. Automatic
sprinklcr protection shall be provided in the control room.

Reason: The revisions were 1oo comprehensive to be fully reviewed at the
hearing,

StafT Note: The Code Developnient Commitiee divected sraff to print the dis-
approval as revised version in the Annual Report of the Code Development
Commitlee ro allow challenges to be based oun the revised version. Following the
hearing, staff met with the proponems ro resolve additionol outsianding issues.
As a result of this meeting, numerous additional revisions beyond those sub-
mitied ar the hearing have been made. The version printed herein has been pro-
videe by the praponents o vesolve the concerns presented at the hearing and ta
wicorporare siaff comments.

Proponent’s Reason Substantiating the Revised Proposal: This updated
version of the Article &1 rewrite is based on the activily of the Article 81 rewrite
subcommitlee that was formed by the Southemn California Fire Prevention Offi-
cers Unilorm Fire Code Committee. This subcommittee has been in operation
fur two years and has commiued over 30 eight-hour days of meetings. plus
countless hours of individual research. to assemble this rewrite of Article 81,
This commitiee was made up mainly of fire marshals and fire protection engi-
neers [rom firc departments around the United Siates. Other contributing mem-
bers included fire protection consultants. representatives from Factory Mutual
Engincering, fire sprinkler contractors, representatives from the smoke and heat
venl industry, and fire sprinkler manutacturers, The purpose of the rewrite is to
update the requirements for high-piled combustible storage to reflect more cur-
rent fire-protection philosophy. The changes that have been made to the current
articles are outlined below.

Overall. Anicle 81 has heen rewritien 10 include three divisions, Division 1
includes administrative and general requirements, Division Il includes general
fire- unek life-safety provisions and directly correlates with Table No.81-A, Divi-
sion 11 includes specific requirements for solid-pile and similar storage, and
Division 1V includes specific requirements for rack and similar storage. The
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article was divided imfo four divisions to make the code morc user fricadly and
make the application of the code by the fire inspector an casier task.

Division L. Fot consistency with code format, afl general definitions wili ba
located in Adicle 9. Many pew definitions hawe been added. These include
“array™; “amay, closed™; “binkos™ “eurtain board”; “extrahigh-rack combus-
tibie storage”; “shelf storage™ “solid shelvin " and “transverse flue space.” The
current definition of solig shelving is one of the major areas of enforcement prob-
lems with Article #1. The commitice agreed that the 1991 Uniform Fire Code
Standard No. 1.2 sllows solid shelves that are much wo large. For example,
assuming standard B-foot rack sprights, and a reck depthof 4 feet, Uniform Fire
Cexde Standard No. 81-2 would allow double-row racks Jess than 25 feetin height
to have solid shelves 64 square feet in area (rack width times distance between
uprights times (wa for cach side of the rack, 4 feet % & feel X 2 = 6¢ square feer)
Note that longituginal flie spaces are not required for double-row racks uiwder
25 feet in height. Factory Mutyal Engineering Loss Prevention Data Sheet 8-33
defines solid shetves as shelves having un area preater thaa 20 square feet. Dil-
ferent protection réquirements are provided based on 20 squuse feet, 20 to 5{!
square feet, and over 30 sguare feat, The committee evaluated these two posi-
tions and weed engineering judgment 10 conclude that solid shelves grewer thas
32 square feet create a fire hazard significant enough 1o require rack sprinkler
protection, This decision is based on research that showed o conclusive fice
tasting bas been conducted 10 clarify this issee. Factory Mutual Engineering’s
position is based on judgment that greater than one paliet {approximately 20
square feet} couid abstruct sprinkler water penctration through a rack. The posi-
tion taken by the 1991 Uniform Fire Code Standarg No. 812 is also based an
engineering judgment. Section B-5-13.2 siates that "these iests Jsolid shelving
fire tesis} did not yield sufficient information o develop a comprehensive
protection stardard for solid shelf mcks. Iems such as increased ceiling density,
use of bulkheads, other configurations of sprinklers in racks, and limitation of
shelf length and width require considertion.” '

Submittal requirements have been increased 1o requise the permil applicant
for high-piled storage bulldings to provide specific information that is needed for
the fire departmem to provide for proper regulation, In Section 81.103 b,
sequirsd icformation includes (4 different informational iterms thal are needed
by the fire department so thas proper determination for fire protection can b8
made,

Classifications of commodities were vpduied, A uemendous amount of
research and effors went inte this process. Individials from thiroughout the
United States contritnied 1o this effort. The list provided reflects the very latest
reguls of research and technology.

Al the request of the Tode Development Commitice. descriptions of Groups
A. B and € plastics have been sdded in Section 81,104 {B). Accompanying the
descriptions are lists of common plastics by prosp classtfication. The Code
Development Commiites decided that these deseriptions were needed by 2 fire
imspectat enforeing the Uniform Fire Code. The elassification of PVC, based an
the amopnts of phasticizer, has been added to the etde. This was based on
research done with members of the NFPA 231 commiitee. The age-old problem
of ¢lassifying mixed commaodities has been addressed in Section 81.104. The
amoum of unexparded and expanded Group A plastics which may b allowed
in 2 package, carton ot pallet load without increasing the commadity classifica-
tion is found in Pigore No, 81.184-A, anadaptation of Factory Mutual Engineer-
ing and Industrial Risk Insuress standards, Onee the commodity classification
for the box., carton or pafiet load is determined, Section 81, 104 (c) provides guid-
anee for how much of a higher-hazard commodity is alowed in 3 given product
mix without increasing the commadity classification and the fire-proteciion
requirements, The new Article §1 also introduces a new concept of desigrating
the storage arca to indicate the cormmodity class that the area was designed for.
Nermally, this will cormespond to the highest commiodity elass siored, but Sec-
tion B1. 105 (1) allows small quantities of higher-hazard commusdity of the sprin:
Kler systerm to deliver high enough water density from the first sprinklers opera-
ing 10 meet Lhe required density for controlling the small quantity of highes.
hazard commrodity, The amosnt of the higher-hazard commadizy aliowed must
be determined by an engineering analysis, This analysis inust eonsider the fol-
lowing twa principles:

L. Tt is generally believed that the most imepeniant factor in proteciing a cans-
madity is the sprinkler density, The bigher the density. the preater the chonce of
eontrolling (ke fire. This appears 16 be the rationale used by Fuctary Mutul in
reducing the area density curves of Data Sheet 8-25, General Indoor Storage
{cssentially NFPA 2313, and Data Sheet 833, Ruck Stotage (essemiatty NFPA
2310, to single-point arcafdensily paranieless depending ont the commodity
classification, _

7. Research shows that the arta of operation of sprinklers responding 10 4 fire
is normally approximately five 10 10 times te ares of the fire,

Therefore, given a sprinkler sysiem capuble of providing a specified density
aver a specified operating ared, e number of sprinklers which can aperate W
ahigher density can be used todetermine the quantity of a higher class commad-
ity which can be stored with 3 lower c{ass cotmmodity.

Hydrautic caleulations must be pg@vzficd Wmffl’ verify the abiliy of the sprin
kler sysiem Lo provide this higher densily. Scction &1.105 () provides further
safety factors by limiting the MAxIMUI &wa of the higherhazard commodity ¢

D

120 squasz feel in any contiguous ared. Use of this method will allow the inspec-
1o¢ or pias checker to apcurately Himit and proiect mixed commodity slorage.

Requiremnents for aiste mabmenance, ignifion contral, smoking areas and por-
table fire extinguishers have been provided in a consolidated section for mainte-
manee, Section 81146,

Also, the requirements for evacuation plans in public-occupied warchouses
have been added based o the fre chief s discretion, depending on the size amd
risk of the building it question, These are in Section 81,103 ().

DPivision I A& acw Division H has heen created 1o s2t forth the general fire-
and tife-safety vequirements. The sections in Division 11 track closely with
requivemends in Table No. §1-A. Division [ addresses many major issues. For
example, probiems with aisles have been resolved, and the size and width of
aisles based on the differenm standacd requiremoens of the Uniform Building Code
mee been correcied,

Requiremenis for smaii hose connections have been maintained, The require-
ments for small hoge oo the hose connections is still ieft (o the discretion of the
fire chief. In very farge warehouses where travel disiances to exiis would exgeed
the silowable code limits, exit passageways would be required. The new Section
§1.208 b} would requizz a Class | standpipe. which complies with tniform
Building Code Standard No, 38-2. 10 be installed in these cages, Requirements
for regulating Indusirial wucks and battery chiarges have been pinced in Articie
i1 5o that they apply w sl cases where industrial trucks are ssed in buildings.

Ventilation requirements are ioocated in Szetions §1.206 and £1.207 for
improved organization. The vensilation fopic was the portion of anicle onexiting
which the propenant committee fell needed the most work. The basis for and
dacumentation to support the use of smoke and heat vents and cunain boards in
sprinklered buildings is an age-oid question which has generaled moee disagree-
ments among fire-protection professionals than any other high-pited Fire-protec-
LiH IS5,

The reason for this prablens is the Jack of fsil-scale Fire westing using smoke
and heat vents and curtain hoards, None of the current NFPA or Faciory Mutual
Engincering tests, which are the primery basis for a#f current fire-protection
sandards, incorporated smoke and beat vems and drafl curtans in the testing
process. Thus, one's position on this issue is prabably based on insight gained
from reak-life fire experience. theoretical evaluation ar speculation,

Two imponad questions needed to be addressed:

1, Do sayoke and heat vents affect automatic fire sprinkier acuvation tivmes?

1 Are smoke and heat vents beneficial for manual Srefighting, and when is
the optimum time for the smoke and heat venus to activae in relation to fire sprin-
iler activation?

To answer these guestions and hopefully put this issue 1o rest once and for all.
a twvo-part program was eslablished. First, documentation of all existing testing
in this arca was compilegd and analyzed, Next, iesting and research cumently
urderway was examinied. The propenest commitiee hoped that by looking at the
research i an analyticsl manner. the myths and misconceplions could be sepa-
vated from the scicnee and engineering, and a bogical conclusion could be
reached. :

The proponent coguniner veached the Tolfowing conclusions:

1. Ali completed research indicates that smoke and heat vonts do nol have a
derrimental alfert on aetomatic sprinkler operations. Smoke and heat vents do
reduce ceiling temperatares and improve visibiiiy for manual firefighsing.

2. The smoke and heal venis should probably activate prior (o sciivation of
the firg sprinklers 1o reduce the thickness of the wpper laver and, thus. the potes-
sl for smeke-logging of the building.

3. Certain boneds provide no benefit in a sprinklered buitding aad could
adversely affect sprinkier activation and increase the Hkelihood of smoke-log-
ging.

Ventitation reguirements proposed iathis rewrite were wristen with these con-
clusions I mingd, Venting rwios heve been revised and cuniain boards have been
eliminated from sprinklered binklings, Duc 1o an apparent lack of performance
of mechasical smoke-removad sysiems, stnoke and heal vests were selected a8
the primary reguirement, with an exception to allow mechunical smoke removal
i smoke and heas venss are deemed to be imspeactical hy the chief (1.6, 10 cold
storape boildings ar where weniher congditions restrict the reasonable application
of roof veaus).

Desigan requirements for mechanical smoke removal have been placed in o
newly crealed Uniform Fire Code Standard Mo, §1-1.

The history of smoke aid heat vents and cuelain beards ia buitdings used for
high-pited storuge is something of a mystery. The first use of these dovices,
although not decumented, was reportcd o be in 1966 by a Southera California
[ire deparunens. This application was hased on judgments by the fire marshal,
There wus ne fire wsting o canfimm this decision,

Inthe 1971 editivn of the Erifrur Fire Cede, Aticle 35 was introduced for
high-pited combusibie slorage, Requirements for smoke and heat vents and cur-
tain bonrds were estblished for all buildings conusning high-piled storage,
regardless of auomatic fire protecuion. Section 35, 107 stated du “draft curtains
shal be provided 1o limii the arca of sprinkler operation und 3o wid the operation
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of roof vents,” No fire testing or research was dore at that tine 10 justify this post-
tion, Article 35 remained unchanged in the 1973 and 1976 editions,

A major rewrite of Article 35, which was [ater remamed Aricle 81, was under-
taken forthe 1979 edition of the Unifornr Fire Code. Beseareh conducied during
this reweite indicated that a mechanical smoke-removai sysiem was preferred
and that smoke and heat vents and eurtain boards were not required in buildings
pratected by an approved firc-extinguishing system as stated in Section 81107
(a}. Smoke and heat vents and cunain boards were also not required in fully
sprinkiered buildings in the 1982 edition of the Hriferm Five Code.

In the 1985 edition, the Uniform Fire Code again changed the smoke and heat
vent and draft custain requirements, Since the 1983 edition, the Unifarm Fire
Code has required cither smoke and heat venis and draft curtains or mechanical
smoke removal and draft curtaing in buildings wsed for high-piled storage,
regardless of whether the huilding was sprinklered. Mo new research or fire test-
ing was dong to support this change in position.

The iost well-known and widely distribured testing on smioke and heat vents
wag work done by the Factory Mutual Researeh Corporation in its Rhede Island
testing facility in 1974, Factory Mutual's conelusion wag that smoke and heat
vents were detrimental 1o sutomatic fire sprinkier operation and, thus, should net
be insialled in speinkiered buildings. Unforunately, what is not commonly
known is thal, due 10 the constraints of the Factory Mutual iesting facility, these
tesis had no simitarity to real-worid application or uge of smoke and heat vents,
The mast striking problem, for example, is that the testng used vonis placed on
vertical wall sections, not on a horizonial ceiling, as is found o mest reat-world
applications. This and other problems, in the commiliee's opinion, completely
invalidated Factory Muwual's testing,

In 1982, the Illinois Institute of Technology Ressarch (IITRI) began HTRI
Project O 3385—Fire Venting of Sprinklered Buildings. This project consisted
of experiments and tesiing desigred 1o assess the influence of automalic fire
venting on autermaiic fire sponklers. Bleven fulk-scale fire tests were conducted
with avlomatic sprinklers and smoke and heat vents o determine the behavior
of sach, The IITRI testing concluded that “the ability of 165°F.-rated automatic
sprinkless to contro, or nearty contral, a fire atherwise capable of growth in a
large oac-siory structure is not impaired by the presence of automatic fire vents
of typical spacing and area.” Furthermore, “venting appears to play 2 swonger
positive role on 286°F. sprinkler comralisd fires, hased solely on 1ests with pro-
pane fires.” In other wards. the smoke and heatl vents were determined 1o have
no detrimental effect on the aulomatic fite sprinkler system activation.

The National Instituze of Standards and Technotogy (NIST) Building and Fire
Research Laboratory is nearing the conclusion of & teso-year study designed to
investigate the interaction of {ire sprinkfers and smoke and heat vents. The key
objectives of the project were © camplete a collaborative msearch effon
between NIST and Factory Mutua! Rescarchy develop a computer model,
LAVENTS (link-activated vents and sprinklers), 1 simulate the interaciion of
fire gprinklers and smoke and heat vents; and fnally w conduet full-scals fire
tess 1o validate the LAVENTS model. All butthe full- scale fire testing has been
completed, One resuli from this wady indicated that ceifing vents can have a sig-
nificant effect on controlling whe thickness and temperatre of smoke layers,
thereby avoiding the deletenous effect of smoke logging associated with sprin-
kler operation.

Onher research projects are underway in Burope. The Swedish Fire Research
Board has established an ad hoe committes 10 study this topic. This committes
consists of an incrmational coflection of experts on smoke and heat venting.
From this commitiee, a recent research project conducied by COLT International
inGhent, Belgium, was published. This project consisted of full-scale Are testing
© explore fire sprinkler/smoke vent interaciion. Preliminary results show thay
the venilation system had little effect on the opesiog times of the firg; operating
sprinkiers. Other testing done ia Partsmouth, England. also by COLA Intema-
tional, indicated that the temperasure rise during fires in buildings without fire
ventilation was over three times greater than the temperature rise for uildings
with fire ventilation. Ieaddirion, opesation of the ventilation sysiem did not ham-
per the operation of the fusible-link devices which were sel to simutaie the apera-
kon Fire sprinklers,

Another important discovery was made through NIST research, Due 1o inter-
action with the various gas layers appearing during a fire witsin a sprinklered
building, the role of curtain boards had become somewhat questionable, The
tikeliheod of smoke logging a building seems & increase as the depth of the
upper tayer (smoke layer along the ceiling] increases. The deeper the upper layer,
the greater the amoust of smoke that will te entrained by the water dropless from
the sprinkler system and “downdmgged” into the lower layer. This lower igyer
is typically clean air, and infilication of smoke into this layer increzses the tikeli-
hood of smoke legging the building. Thereby, since curtain boards morease the
depth of the smoke layer, they may increase smoke damage.

Additlonally, standard automatic sprinkiers control a fire by coeling the fire
itself and prewelting e area around the fire, thus impeding fire grow(h. Instalta-
tion of curtain boards could prevent this prewetting of adjacemt areas and
adverseiy affect sprinkler effectivensss,

The activation of a sprinkler is affected by many factors, including the ceiling
terperature and ¢eiling jol or heat velocity, The LAVENTS model showed that
installing curntain boards will cause Wwrbulence as the ceiling jet makes comact

with 3 cuziain board. The turbulence could affect the respoase of the sprinkiers
and cause skipping of adjacent sprinkiess.

This eencept 15 suggested by NFPA 13, which requires reduced sprinkler
spacing (130 square feet maximum) for sprinklers locared below panelized roof
systems versus sprinkler spacing below a smooth ceiling {200 square feet maxi-
musnl National Fire Protection Agency 13 predicis ghat the irregularities in the
surface below a panelized voof system, pocketing of heat and wrbulence can
cause skipping of adjacent sprinklers. Thus, sprinkiers are required to be placed
within these pocket areas,

Drivision FIL This division addresses solid-piled and shelf storage.

Sec. 81,301, The applicability of the divisien was refincd from the general
seope of the anicle in Division | ta clearly identify that it applies o solid-pile and
shelf storage.

Sec. B1.302. Provisions for fire proteciion were reworded for clarity; how-
ever, the contents remain similar 1o Section 81,105 in the 1991 edition,

Sec. 81.303. This section was added o identify shat pile dimensions and
height timits are established in Table No. 81-A. The section also identifies the
need for maintenance of aisles as an ongeing housekeeping issue.

Sec. §1.304. This section alerts the user aboul clearances for closed arrays
{when used) that most be maintained. As the clearances vary widely among types
of commodities, the formation could not be condensed inte precise code text.
It is hoped that the bser will be alered 10 the possible presence of a closed array
and refer 1o the appropriaie fire- protection standard used for that commodity.

Division ¥V, This division addresses rack storage.

Sec. 81.401. The applicability of the division was refined from the genera)
scope of the article in Division 1 to clearly identify that this division applies to
high-rack combustible storage.

This section akso provides for regulation of farge binboxes, The previcus edi.
tion of Article B1 did not specifically idenufy binboxes. This section highiights
that binboxes greater than 5 feet in any dimension are of sufficient size o result
in fires similar 1o those in rack storage, so it regulatesoversized hinboxes ashigh-
rack storage. The related section in Division I identifies that smalier binboxes
(less than 5 fect in any dimension) are classifiesd as solid-pile storage.

Sec, 81,402, Similar to Division 11, provisions for fire protection were
reworded for clarily: however, the contents remain essentially the same ag See-
tion 81,105 in the 1991 UFC.

Storage on plastic pallets or plastic shelves creates a hazard which is beyond
the typical hazard considered by this division and the section requires that spe-
cially engineered fire protection must be empioyed.

Sec. 81.403, Requirernents that flue spacas be provided and maintained are
established, Frovisions are identified for nonsprinklered racks to maimain trans.
verse flue spaces 1o allow overhead sprivtkiers or manuaf hose streams to effec-
tively gtiack 2 fire. Longiludinal flue spaces are required for all racks {excepm
double-row racks not exceeding 25 feet in height without solid shebving).
Because of the special considerations used for dwe design of ESFR sprinkler
protection, this section defers 1o the identified Uniform Fire Code slandard.

Sec. 81404, The section on column protection was specifically added o
require that protsction be provided. The previous adoption of Uniform Fire Code
Standard Ne. 81-2 deleted all of Chapter 3. which also contained these provi-
sions. This deletion resulted in significandy less protection than was being
affarded under {unmodified) NFPA 231C.

Sec, 81.405, Due 10 the concems that exirahigh-rack Storage Systems raise, z
provision was added that the chief approve all buiidings propesed for such use.
As these sysiems are out of reach of conventional ground-fire attack methods,
this section alse requires that all buildicgs wsed for extrabigh-rack storage sys-
iems be provided with sprinklers. The difficully in controlling this type of fire
and reliance on aerial apparalys prompied further requirements for additioaal
buill-in fire protection.

Uniform Fire Code Standzrd No, 81-1. Uniform Fire Code Standard No.
81-1 has been updated 1o the latest NFPA 231 (1990 edition). Amendments have
been made to Part | to basically keep it in line with the requirements of the Uni-
form Fire and Bublding codes. This will bring 1he standard op 1o the current
requirements arid standards for the insiallation of fire protection in solid-pile
storage warchowses.

Uniform Fire Code Standard Mo, 812, Uniform Fire Code Standard Mo,
81-2 has been updarted 10 the most current edition of NFPA 231C (1991 edition}.
Part | provides amendments 1o resolve any conflicts between the Uniform Fire
Cadg and the Uniform Building Code. Changes to NFPA 231 inchude a new
Chapter 8, which specifically addresses the protection of Croup A plastics. It was
thought that this standard wag greatly needed.

Section 3-13.2 has been revised 10 provide specific requirements for racks
with solid shelving, The amount and placement of rack Sprinklers is based on the
size of the solid shelf, the commodity of maserial stored and the storage height,
These reqisirements are simitar to those appearing in Factory Muiual Engincer-
ing Loss Prevention Dats Sheets 8-9 and 8-33.
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Chapter 9 Earig Suppression Fast Response
(ESFR) Sprinklers

9.1* General.

8-1.1 ESFR sprinklers shall be permitted for the protec-
tion of cartoned plastics {(Group A, B, or C) and Class |
through IV commodities in paletized and sohd pile stor-
age up to a height of 25 fi (7.6 m).

fxception:  ESFR protection as now defined does not apply to:

1. exposed plastics or expanded polystyrene plastic in cartons.
2. storage involving combustible open lop carions or con-
lainers,

4-1.2* ESFR sprinklers shall be permitied for use in
buildings having 2 maximum roof er ceiling beight of 30 fi
{9.1 m) and one of the following wypes of roof consuruction:

{a) Smooth ceiling
(b) Bar joist

{c} Beam and girder
{d} Panel

9-1.3  Roof slope shall not exceed 1 in/ft.

9-2% Water Supplies.

9-2.1* ESFR sprinkler systems shall be designed w0 pro-
vide a minimum operating pressure of 50 pst (3.4 bars) wo
the 12 inost hydraulically remote sprinklers, based on How-
ing four sprinklers in each of three branch lines.

9.2.2 A minimum of 250 gpm (18L/s) shall be added to
the sprinkler demand for combined large and small hose
streams.

9.2.3 Water supply duration shall be at least 1 hr.

824 ESFR sprinklers shall be limited to wer-pipe sys-
tems.

9.3 Sprinkler System Design.

9.3.1 -All requirements contained in NFPA 13, Standard
Jor the Installation of Sprénkler Systems, particolarly Chapter 9
shall apply, except as madified by this standavd.

Chapter 10 Building Equipment, Maintenance,
and Operations

} 10-1* Mechanical Handling Equipment.

| 10-1.1% Industrial Trucks. Power-cperated industrial
trucks shall comply with NFPA 505, Firesafety Standard for
Powered Iudustrial Trucks Including Tipe Designations, Areas of

Lise, Mauuenance and Operation.

| 10-2 Bailding Service Equipment,

| 10-2,1 Electrical equipment shall be installed in accor-
dance with the provisions of NFPA 70, National Electrical
Code®.

{ 10-3 Cutting and Welding Operations.

| 16-3.1* When welding or cutting eperations are neces-
sary, the precautions contained in NFPA 51B, Standard for
Fire Prepention in Use of Cutting and Welding Processes, shall
be followed. When possible, work shall be removed 10 a
safe area.

j10-3.2 Welding, soldering, brazing, and cutting shall be
permitted to be performed on building comporernts that
cannot be removed, provided no storage is locaed below
and within 23 ft (7.6 m) of the working area, and fame-
proof tarpaulins enclose this section. During any of these
operations the sprinkler system shall be in service. Extin-
guishers suitable for Class A fires with a minimum rating of
2A and charged and manned loside hose lines, where pro-
vided, shall be located in the working arep, A fire watch
shall be maintained during these operations and for not
less than 30 min following completion of open Hame oper.
ation.

| 10-4 Waste Disposal. Rubbish, (rash, and other waste
material shall be disposed of ar regular intervals.

| 10-5 Smoking. Smoking shall be serictly prohibited,

except in locations prominemily designated as smoking
areas. “No Smeking” signs shall be posted in prohibited
areas.

| 10-6 Maintenance and Inspection,

| 18-6.1 Fire walls, Rre doors, and foors shall be main-
tained in good repair at all dmes.

10-6.2 The sprinkler system and the water supplies shall
be maintained and serviced, {For further information see
NFPA 134, Recommended Practice for the Inspection, fesling
and Meintenance of Sprinkler Systems.)

| 18-7 Refrigeration Systems. Refrigeration systems, if
used, shall conform to the recommendations of Safety Code
Jor Mecharical Refrigeration, ANSUASHRAE 15-70.

Chapter 11 Referenced Publications

| 11-1  The following decuments or portions thereol 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.

[ 11-1.1 NFPA Publications. National Fire Protection
Association, | Batterymarch Park, P.O. Box 9101, Quincy,
MA 02269.9101.

NFPA 18-1990, Standard for Poriable Fire Extinguishers

NFPA 11A-1888, Standard for Medium- and High-
Expansion Foam Systems
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A-4-3.2 Storage should be separated by aisles so that piles
are not more than 50 fi (15.2 m) wide or 25 ft (7.6 m) wide
if they abut a wall. Main and cross aisles should be located
opposite window or deor apenings in exterior walls. This is
of particular importance in buildings where exterior open-
ings are few. Aisle width should be at least 8 fi (2.4 m). In
judging the adequacy of exisung sprinkler protecuon, aisle
spacing and freguency should be given consideration.

A-d-4 [Idle pallet storage mntroduces a severe fire condi-
tion. Stacking idle pallets in piles is the best arrangement
of combustibles to promote rapid spread of fire, heat
release, and complete combustion. After palleis are used
for a short time in warchouses, they dry out and edges
become frayed and splintered. In this condidon they are
subject to easy ignition from a small ignition source. Again,
high piling increases considerably both the challenge to
sprinklers and the probability of involving a large number
of palicts when hive occurs.

A-4-4.1.1 (See Table A-4-4.1.1)

Table A-4-4.1.1 Ferommended Clearance Between Qutside Idle
Pallet Storage and Building.

Minimum Distance, ft{m) of

Wall Consteuction Wall from Storage of
Under | Blte Over
50 200 200
Wall Type  Openings Pallets | Pallets | Pallets
Masoury None o i &

Wired glass with
outsite sprinklers
I-hr doors 0

Wired or plain glass
with oulside sprin-
klers ¥2-hr doors
Wood or metal with sutside sprin-
kiers

Wood, meal, or other

10 (3.0) 190 (6.1

10 (3.0) |20 (6.1) |30 (9.1)

20 (6.13 130 (9.1} | 50 (15.2)

Notes:

¥, Firg-resistive prowdion comparable w that of the wall should abo be
provided for combustible vave lines, vent openings, eic,

2. When pallets are stored close w 2 building, tie height of storage should
be restricted o pravent hii?ﬁistf paliets from fHlling on the building,

3. Maneal ounside open sprinklers generally are not 2 refialde means of
prowstion unless praperty is auended to at all tmes by plint emergeney
personnel.

4. Open sprinklers controlied by a deluge valve are preforred.

A-4-4,2 A fire in stacks of idle plastic and wooden pallets
13 one of the greatest challenges o sprinklers. The under-
sides of the pallets create a dry area on which a fire can
grow and expand 10 other dry or partiatly wet arcas. This
process of jamping to other dry, closely located, parallel,
combustible surfaces continues until the fire bursts
through the wp of the stack. Once this happens, very liule
water is able to reach the base of the fire. The only practi-
cal method of stopping a fire in a large concentration of
paliets with ceiling sprinklers is by a great amount of
prewerting. In high stacks this cannot be done withowt
abnormally high water supplies. The storage of empry
wood pallets should not be permiued in an unsprinklered
warchouse containing other storage.

A-8.4 Al windowless warchouses and where windows are
scant, hydranis should be located at or in the vicinny of
entrances.

A-5-5  Manual fire fighting operadons in a storage ware-
house are not a substitute for sprinkler operation. The
sprinkler system should be kept in operation during man-
ual fire fighting operations vntl visibility bas cleared so
that the fire can be clearly seen and the extent of fre
reduced to a stage requiring only mopping up. It is essen-
tial that charged hose lines be available before venting is
started because of a possible increase in fire intensity.
When a sprinkler valve s closed, a responsible person
should remain at the valve so it can be opened prompily if
necessary. The water supply for the sprinkler system
should be augmented where possible and cave exercised
that the water supply for the sprinkler system is not ren-
dered ineffective by the use of excessive hose streams.

Where a private fire brigade is provided, sufficient large
hose [2)2 in. (B4 mm)] and related equipment should be
available,

A-6 The following procedure should be followed in deter-
mining the proper density and area as specified in Chap-
ter 6.

1. Determine the commodity class,

2. Seleat the density and area of application from Figure
6-1.2{a} or Figure 8-1.2(b).

3. Adjust the required density for heighe of storage in
accordance with Figure §-2.2.

4. Increase operating area by 30 percent in accordance
with 6-2.4 when a dry pipe system is used.

5. Satisfy minimum densities and areas as indicated in
5-1.2, 5-1.2.1, and 5-1.2.2.

The following is an example using these procedures:
Storage - greeting cards in boxes in cartons on palless
Height - 22 ft (.7 m)

Clearance - 6 ft {1.8 m)

Sprinklers ~ decided to use 165°F (V4°C) sprinkler sys-
tem — dry.

1. Classify - Class 111

2. Select Density/Area ~ 0.225 gpm/3000 /° (0.014 Lyy/
276 m®) from Figure 6-1.2(a).

3. Adjust for height of storage 1.15 x 0.225 = (.259
From Figure 6-2.2 Round up = 0.26 gpm/f*

4. Adjust area of operation for dry system - 1.3 x 30060
= 3900t (368 m%)

5. Satsfy minimum densities and areas

In 5-1.2 the minimum for a dry sprinkler system is
0.15/2600 {this has been satisfied) for Class 1L
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allowed should be applied cautiously. For evaluation of
existing situations, however, the allowances may be quite

helpful.

A-7-2.1  An evaluation for each field situation should be
made to determine the worst applicable height-clearance
relaticnship that can be expected to appear in a particular
case. Fire tests have shown that considerably greater
demands occur where dearance s 10 ft (3.0 m) as com-
pared to 3 £ (0.8 m}. and where a pile is suble as com-
pared to an unstable pile. Since a system is designed for a
particular clearance, the system could be inadequate when
significant areas do not have piling to the design height
and larger cdearances exist between stock and sprinklers.
This can alse be true where the packaging or arrangement
is changed 50 that stable piling is created wheve unstable
piling existed. Recognition of these conditions is essential
to avoid installation of protection that is inadequate or
becomes inadequate beeause of changes.

No tests were conducted simulating a peaked roof con-
figuration. However, it is expected that the principles of
Chapter 7 still apply. The worst apphcable height-
clearance relationship that can be expected o occur should
be found, and protection designed for it. If stovage is all at
the same height, the worst height-clearance relationship
creating the greatest water demand would occur under the
peak. If commeodities are stored higher under the peak,
the various height-clearance relationships should be tried
and the one creating the grearest water demand used for
designing protection,

A-7-28  Wer systerss are recommended for storage occu-
pancies. Dry-pipe systems are accepiable only where it is
inpractical to provide heat.

A-9.1 ESFR sprinklers were designed 10 respond quickly
to growing fires and deliver heavy discharge to “suppress”
fires rather than “conwrol” them. ESFR sprinklers cannot
be relied upon to provide suppression if they ave used out-
side these design parameters.

A-8-1.2 Storage in single story or multistory buildings &
permissible provided the 30 ft (10 m) maximum ceiling/
roof height is satisfied for each storage area.

A-9-2  Design parameters were determined from a series
of full scale hire tests conducied as a joint effort between
Factory Mutual and the National Fire Protection Research
Foundation, (Copies of the test reports are available from
the NFPRF).

| A-10-1 Locomotives should not be allowed o enter stor-
age arcas.

| A-10-1.1 Industrial trucks using gas ot liquid fuel should
be refueied outside of the storage building at a locatien
designaied for that purpose.

| 4-10-3.1 The usc of welding, cutting, soldering, or braz-
ing torches in the storage areas introduces a severe fire
hazard. The use of mechanical fastenings and mechanical
saws or cutting wheels is recommended.

Appendix B
This Appendix is not a part of fhe requivements of this NFPA docu-
ment, bul is incinded for information purposes only.

Appendix B explains and gives examples of the methods
and procedures to follow in using this standard to deter.
mine proper protection for Group A plastics,

Metric Conversion Facters for Examples

To convert from to Multiply by
fect () meter {m) 0.3048
sguare feet (i) meter” (m') 0.0920
galfmin (gpm) liter/second {1./s) 0.065(
gal per MY (gpadi™s liter per secondfm® 0.67%

[(L/sYm’]

Example 1
Building height 26 fi
Sprinkler deflector height from floor 25 h

Gemmodity rolls of nonexpanded
potyethylene him on end on pallets. One roll completely
fills one pallet. Each roll with paliet is 5 ft high.

Storage beight normally 20§
Wet or dry sprinkler system wet
Clearance normally 5 R

Open or closed array
open array.

Hue spaces are 10 in.

(The conclusions arrived at for water demand are theoret-
ical minimum. Actual water demand will be greater as a
result of system sprinkler design.)

It was decided commodity is a Group A plastic {see Com-
madity Classifications, Chapter 2).

From storage description it was decided it was sofid-unn
load storage Gt would burn only on exterior of unit toad)
and it was determined it was nonexpanded.

From decision tree {see Figure 7-1.1} — Group A, nonex-
panded, stable, selid unit load, it says 1o go w Figure
7-2.2(a).

From Figure 7-2.2(a):

For inttial demand there is
a I“EEBgﬁf

0.7 gpz‘m’ft over 400 i’ to
0.5 gpm?ﬁ" over 780 A%

It is decided to choose........ 0.7 gpmy/ft® over 400 %,

For secondary demand
there is a range: 0.5 gpm/fi’ over 780 i o

0.2 gpm/ft’ over 4,500 ™

At least a 0.25 gpmif” difference between the initial den-
sity and the secondary density is needed. Also 4 minimum
final design area of 2,000 f* for the secondary point is nec-
essazyf'[‘heref{}rc, it is decided to pick 0.32 gpm/f® over
1,800 f*
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Commodity: Rolls P.E. Film

Storage Height: 20

Clear Space: b

Sexble/ Unatable: Stable Open/Closed Array: Open Wer/Dry Syem: Wet
Fig. sity Hgt. | Density Clear-{ Densiy Array |Densizy Dry |Density
No. rea | Fact. | {AdL1 A rea | ance T2 | Fact. Jn Pemaley rea Notes:
Fact. (Adj.) eAdj.) {Ady.)
0.7 6.7 0.7
inirial 100 | 100% 4§60 102 408 Nene £85 gpm
7-2.%a}
.52 0,38 0.32
Fccondz Teoo | 100% 1800 113 2 p34 | None None 650 gpm
Commudity: Rolls P.E, Flilm Storage Heigha: 15 Clear Space; 10
Stable/ Unstable: Stable CpensCl Array; Open Wer/Dry Sysiem: We
Fig. vty Hgt. | Depsity Cleay-| Densiz Array |Density Dy [Density
Na. rea | Fact, |(Ad] 3K rea | ance red | Fact. ArzalPenaley éx:: Notvea:
) 0.63 0.6%
rns initial 400 | 0% soo] 1-E 4go | None 302 gpm
“eal 3% 0.27 0.57
[Seconda 1.800 359, 1.800 2.0 $.600 Mone None 972 gpm
Commodivy: P.E. Boules Storage Heighu: 18 £t Clear Bpace: 10
Stable/Unstable: Stable Open/Closed Array: Open Wee/Dry System: Wes
Fig. Density Hgt. | Depaizy Clear- [Densicy Array |Denaity Dry Densisy
HNo. rea [Face. [(AdL)Kren | ance rez | Face, rea Penaley rod Notes:
Fact. (Adj.) {Adj.) {Adj.)
., B9 0.86 0.86
72200 Initial 500 6% £00 1.86 258 None 850 gpm.
These 0. 55 0.61 .61
Secondany Lisn 9% 1.150 2.3 7 ga5 | Nome None 1,613 gpm
Commodity: P.E. Boules Storage Height: 24 ft Clear Spacer 4 fi
Stable/Unuable: Stable Open/Ti Array: Open Wet/ Dry System: Wer
Fig. Denasicy Hygt. | Densiey Clear- | Density Array [Densicy Dy [Densicy
Neo. rea |Fact, | (Ad] MK ren | ance TR Fact. é\gz Penalty fen Nates:
Fact. {Adj.} [Ady} {Adi.;
.. 0.8 0.8% 0.97 .
[nitial coo |108% gop| 00 goq | Nene 582 gpm
7-2.2{3
.50 R 600
Becondar 2 000 120% 0 2.000| 100 2 000 None Mone §.200 gpm

However, sometimes storage height s 24 ft high with
4-fi clearance.

The demand for 20-ft high storage and 1Ve-ft to 4¥a-ft
clearance was:

Initial demand: 0.9 gpny/ft® over 600 &°
Secondary demand: 0.65 gpm/ft’ aver 1,150 i%.

However, since the clearance factor for increasing the
area 1s going to be small and a final area of ar least 2,000
t* is needed, it is decided 1o pick a densivy for the second-
ary point that would create an arca demand equal 10 or
closer to the 2,000 ft* area.

From Figure 7-2.2(c), the demand for 20-ft high storage
and 1Yafi to 4-Yo-It clearance decided on was:

Initial demand: 0.9 gpr/ft® over 60O f°
Sccondary demand: 0.50 gpm/Et* over 2,000 fi*.
To adjust Tor height use Figure 7-2.2.3

Initial demand: 108 percent x 0.9 gpowfd
gpm/ii®

0.97

Secondary demand: 120 percent X 0.50 gpnvit®
0.60 gpm/ic®,

To adjust for clearance use Figure 7-2.2.2:
Initial demand: 1,00 X 600 f° = 660 f°
Secondary demand: 1.00 x 2,000 f* = 2,000 f

Conclusion:

0.86 gpry/ft’ over 756 ff° = 650 gpm
0.6} gprvfr’ over 2,645 i = 1,613 gpm
0.97 gpov/it’ over 600 £t = 582 gpm
0.60 gpr/i’ over 2,000 £ = 1,300 gpm

18-t high storage
10-f1 ¢learance

24-ft high storage
4-ft clearance

The gratest gpm demamnd would be for 18-ft high storage
and 10-ft clearance. Therefore, the protection sepcified
would be:

Initial demand: 0.86 gpa/i* over 800 R*
Secondary demand: (.61 gpnv/ft® over 2,600 ft,

(Areas should be rounded to nearest 100 fi.)
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C-4.3  As the commodity class increases in combustibility,
or where storage could be easily ignited from radiation,
wider aisles should be provided. Smaller unit piles may be
an alternative to wider aiskes if yard space is limited.

C-4.4 For omdoor idle paliet storage, see Scction 44 and
A-4-4.1.1 of this standard. Separation between piles of idle
pallets and other yard storage should be as follows:

Pile Size Minimum Distance (1)

Under 50 pallets 2 Hm
50.200 pallets 30 (8.1 m)
Orer 2640 pallers 3 (152 m)

C-4.5 Boundary posts with signs desigaating piling limits
should be prowided 1o indicate yard area, roadway and
aisie Hmits.

C-5 Buildings and Other Structures.

C-5.1 Yard sworage, particularly commodities in the
higher heat release category, should have as much separa-
tion as is practical from important buildings and struc-
tures, but not less than that offered by NFPA BOA, Recom-
mended Prociice for Protection of Buildings from Exierior Fire
Exposures.

C-5.1.1 As guidance in using NFPA 80A in establishing
elear spaces, the following Classification of Severity with
Commaodity Classes of this standard may be used on the
basis of 100 percent openings representing vard storage:

(a) Light Severity: Commodity Class L
b} Moderale Severity:  Commodity Class 11,

£} Interpolae between Moderate and Severe Severity
for Commaodity Glass HL

{d) Sewre Severdy: Commuodity Class TV and Class A
plastics,

NOTE: The above guidelines apply o the equivalent com-
madity classes of chis standard. The severity of the exposing
building or structure should slse be a considerstion when
establishing a clear space.

C-6 Yard Maintenance and Operations.

C-6.1 The endre storage site should be kept free from
accumedation of unnecessary combustible materials. Vege-
tation should be kept cut low. Procedures should be pro-
vided for weed control and the periodic cleanup of the
yard area.

C-6.2 Adeguate lighring should be provided to aliow
superviston: of all parts of the storage area at night

C-6.3 Al elearical equipment and mstallations should
conform (o the provisions of NFPA 70, National Electrical
Cade.

C-6.4 No heating equipment should be located or used
within the storage area. Salamanders, braziers, portable
heaters, and other apen fires should not be used.

C-6.5 Smoking should be prohibited, except in locations
prominently designated as smoking areas. “No Smoking”
signs should be posted in prohibited areas.

C-5.6 Welding and cutting operations should be probib-
ited in the storage area, unless the precautions in NFPA
B1B, Standard for Fire Prevention in Use of Cutting and Weld-
ing Processes, are ollowed,

C-6,% Tarpaulins, used for protection of storage against
the weather, should be of fire retardant fabric,

C-68 Locomotives from which glowing particles may be
emitted frem exhaust stacks should not be permitted in the
vard.

C-6.9 Motorized vehicles using gasoline, diesel fuel, or
fiquefied petrolenm gas as fuel should be garaged in a sep-
arate detached building.

C-6.9.1 Srorage and handling of fuel should conform
with N¥PA 30, Flanimable and Combustible Liguids Cods, and
NFPA 58, Standard for Sterage and Handling of Liguefied
Petroleum Gases,

C-6.9.2 Repair operations should be conducted outside
the yard unless = separate mzsonry wall building is pro-
vided. Vehicles should not be greased, repaired, painted,
or otherwise serviced in the yard. Such work should be
conducted in conformity with NFPA 888, Standerd for
Repaswr Garages.

C-7 Fire Protection.

C-7.1  Provisions should be made for premptly notifying
the public fire department and private fire brigade (f
avaiiable) in case of fire or other emergency.

C-7.2  Hydranis should be spaced to provide a sufficient
number of hose streams. Refer 1o NFPA 24, Standard for the
Instellation of Private Fire Services Mains and Their Appurte-
nances.

C-7.2.1  Provisions should be made 1o permit direction of
an adequate number of hose streams on any pile or portion
of the storage area that may be involved in fire. [t is rec-
ommzended that, unless adequate protection is provided by
the municipal fire department, sufficient hese and other
equipment be kept on hand ac the storage property, suit-
ably housed, and provision be made for trained personnel
available to put it into operation.

C-7.2.2  Hydrants and all fire fighting equipment should
be accessible for use at all umes. No temporary storage
should be allowed to obstruct access to fire fighting equip-
ment, and any accumulation of snow or obstructing mate-
rial should be promptly removed.

C-7.3 Monitor nozzles should be provided at strategic
points where large quantides of highly combustible materi.
als are stored or where average amoumnts of combustible
materials are stored in inaccessible locations.
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with overhead cranes. These means should be idenched
and reviewed by emergency service personnel.

§-3 Warehouse Emergency Organization.

5.3.1 The level of emergency response capabilities and
how these capabilities are utlized or interfaced with
responding emergency personnel should be noted in the
pre-incident plan.

Local procedures might specify total evacuation without
any effort to control an emergency incident or might spec-
ify an active employee response. The authority having
Jurisdiction or site management might require the estab-
lishment of an emergency response organization of facility
employees to specifically control fires, chemical spills, and
related emergencies or to facilitate evacuation or deliver
emergency medical services.

5-3.2 Organizational Stracture. An organizational struc-
ture and emergency contact, lst should be obtained from
facility management. The emergency contact list should be
updated at least annually. At & minimum, this should
include the process (name or location) to be followed o
initiate contact during an emergency.

5-3.3 Assignment of Nonfire Fighting Duties. A curremt
list of assigned personnel should be available, and it should
specify responsibilities such as shutting off electricity and
other related utilitics and controlling the HVAC systems,

5-3.4 Special Equipment Operation. Special equipment
such as automatic rack retrieval systems and overhead
cranes pose unique emergency challenges. Emergency
operating procedurss and personnel for this equipment
should be documented and readily available,

5-3.5 Hazardeus Materials Coordinator. Most ware-
house facilities have some individual responsible for main-
taining material safety data sheets (MSDS) and inventories
for hazardous materials. Contacting this person(s) for
on-scene assistance should be given priority at any emer-
gency. Locatons of M3D8 sheets and related data should
e indicated in the pre-incident plan.

Chapter 6 Fire Protection Features

6-1 Fire Protection Devices and Systems.
6-1.1 Automatic Sprinkler Systems.

6-1.1.1 Common Causes of Sprinkler System Failure,
An important part of pre-incident planning is to anticipate
potential sources of sprinkler system failure and o take
attion to correct any known or suspected problem arcas. A
fire protection engineer might need 1 be consulted 10
wlentfy design adequacy.

8-1.1.1.1 Design Deficiency. This can happen when the
water supply available is not adeguate to control a fire. The
water supply itself might be inzdequate, or the sprinkler
system might be improperly designed for the facility and
the commodities stored inside. Ezch automatic sprinkler
system is designed for a specific occupancy. The original
system design might not have been adequate, or a change
to 2 more hazardous commodity or storage array might
have rendered a protection system inadequate. Even seem-

ingly minor changes within a warehouse can compromise
existing sprinkler protection.

6-1.1.1.2*% Impairment to the Sprinkler System Before a
Fire. This generally occurs where a sprinkler system is
actually shut off during new construction or building ren-
ovations, or where an obstruction such as a rock works itg
way into sprinkler piping and blocks the flow of water.

5-1.1.1.3* Impairment to the System During a Fire. The
system is impaired when any sprinkler control valve is shue
prematurely during a fire. This obvicusly turns off the
water to sprinklers, Well-meaning faclity employees or
members of the fire department might shut the valve in
order o reduce smoke or to control water damage; how-
ever, this action only prevents sprinklers from gaining con-
trol of a fire in its critical development stage. Even if the
valve is turned on again Jater, the fire might have grown
beyond the point where sprinklers can control it.

6-1.1.2* Sprinkier System Components Ugique (o
Warchouses.

6-1.1.2.1 Rack Storage Sprinkler. This systern is used to
supplement ceiling sprinklers where rack storage configu-
ration such as height, width, or the use of solid shelves
would make comrol by ceiling sprinklers alone nearly
impossible.

6-1.1.2.2 Large-Drop Sprinkler. Delivers more water o
the seat of the fire because of larger water droplet size.
This head delivers a minimum of 56 gpm (212 L/min) at
25 psi (172 kPa). It is significantly more effective in pro-
tecting high-challenge storage eccupancies than a standard
sprinkler. 1t uses a 0.64-in. (16.25-mm} orifice, as rompared
to a standard VYe-in. (12.7-mm} or ¥yg-in. {17.8-mm} head.

6-1.1,2.3 Early Suppression Fast Response {ESFR} Sprin-
kler. ESFR 15 a new concept in warchouse sprinkler
design, which is based on suppression of the fire, not just
control. The ESFR sprinkler features a more sensitive fus.
ible element to make the sprinkler respond more quickly
than standard sprinklers, and a larger orifice to deliver a
minimum How of 100 gpm (380 L/min) ar 50 psi (345 kPa)
per head. 1t uses 2 0.70-in. {17.8-mm) orifice.

6-1.1.3 Sprinkler Control Valves. Sprinkler control
valves are used to turn the water supply to sprinklers on
and off. All valves should remain fully open for maximum
sprinkier effectiveness. One shut valve can leave a section
of a facility completely without automatic sprinkler protec-
tion. During pian development, fire service personnel
should determine the location of all sprinkler control
valves at a facility. Responding personnel should manually
try each valve to make sure it is in the open position dur-
ing the incident.

6-1.1.4 Hydraulically Designed Systems. Most systems
installed today are hydraulically designed systems,
Hydraulically designed systems should have a placard
posted on the riser indicating the specific design character-
istics of the system. A piping system where branch lines
form a connecting grid or where cross mains or feed mains
formo a loop are always hydravhcally designed, even
though a hydraulic placard is not provided at the riser.
Sprinkler contractors use a computer to custom-design the
exact protection configuration to meet the fadlity’s needs.
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This hus become the preferred system for two reasons: (1
it generally requires smaller diameter pipes and allows
optimization of pipe sizes and futings, which saves on costs,
and {2} the gridded or looped-type design of the system
brings water in from several directions, which reduces fric-
tion loss.

6-1.1.4.1 Sprinkler systems that are hydraulically
designed are not always adequate or might not remain
adequate for the following reasons:

{a} Confractors might install 2 system that vses every
available psi of water pressure available without allowing
for any margin of error.

(B} The water supply can deteriorate after the sprinkler
installation is completed, resulting i an madequate supply
o meet the custom design,

(¢} The warehouse commodity can change to one needing
a stronger sprinkler design than that which was provided.

(d} The storage configuration can change to one needing
a stronger sprinkler design than that which was provided.

A deterioration in the warer supply might provide an
inadeguate supply to meet the intended custom design.

6-1.1.5 Fire Department Connections. The location of
the fire department (siamese) connections should be deter-
mined. The connections should be identified as to whether
they feed entire buildings, individual sprinkler systems, or
standpipes. Threads should be physically checked for com-
patibility with the fire depariment thread.

§-1.1.6 Water Supply. Automaic sprinkler systems for
warchouse occupancies generally are designed to supply
flow rates from between 1500 gpm and 3000 gpm (6000
L/min and 12000 L/min) and to contemplate confining a
fire from 2000 ¥ to 5000 67 (610 m* to 1525 m% in area
within the building. The actual pressure needed is a func-
tion of the sprinkler system design for each individual
warehouse.

A sprinkler system's water supply should be capable of
meeting oot only the sprinkler demand, but also the
demand for hose streams. There is a vital need w evaluate
the water supply and to determine if it is adequate For the
sprinkler system design, storage, configuraton, and the
warehouse occupancy class.

6-1.1.6,1 Public Water Supply. The most common
source of water for the automatic sprinkler systemn is a pub-
lic water supply. In some cases, a booster pump is con-
nected to the public supply to boost the system’s pressure
to the necessary level,

6-1.1.6.2 Static Suction Source. A staiic source would
usually require z fire pump 1o provide the necessary water
volume and pressure 1o the system. Tanks, wells, reser
voirs, and rivers are examples of these suction sources.

6-1.1.6.3 Pumps. Where cither booster or fire pumps
are provided, it is important to note their size, pressure
settings, starting arrangement, and power and fuel sapply.

6-1.2 Special Extinguishing Systems. A special extin-
guishing system uses some agent other than water for auto-
matic fire suppression, Except for flammable liquid stor-
age, these systems are not often wsed to protect the
warcghouse itself, but they sill can be found within ware-
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house facilities. In most cases, they are considered supple-
mentary to automatic sprinkler systems, These systems
include carbon dioxide, dry chemical, foam, and haloge-
nated extnguishing systems.

6-1.3 Alarm Systems. Alarm sysiems are used 0 monitor
the actuation of both detection (smoke and heat) systems
and antomatc extinguishing systems. Alarms for automatic
sprinkler systems are usually activated by water flow.

8-1.3.1 The presence of an alarm system should not ehin-
inate the necd for a fellowup telephone call from the facil-
ity confirming the nature and exact location of the alarm,

6-1.4 Portable Fire Extinguishers. Poriable fire extin-
guishers are provided for yamediaie vse on fires in their
incipient stage. Extinguishers of the proper size and raung
for the expected fire should be distributed throughout the
warchouse, Facility employees should be properly wained
to use extinguishers. (See NFPA 10, Standard for Portable
Fire Extinguishers.)

6-1.5 Standpipes and Hose Stations. The pre-inadent
plan should note if available standpipe systems are of the
wet or dry type, and the size of the hose discharge outler.
Small hose stations can be provided and supplicd from the
sprinkler system. The pre-incident plan should note if
these stations will be impaired if the sprinkler system is
shus oif.

§-1.6 Hydrants, The location of all hydrants should be
determined as part of pre-incident planning, including
wall hydrants, private hydrans, aud pump west headers.

6-1.7 Outside Hose and Monitor Nozzles. Hose houses
and monitor nozzles may ke provided in arcas that are
inaccessible to vebicles or av concentrated local hazards,
such as yard storage. Their location should be noted on the
pre<ncident plan.

6-1.8 Compatibility. Warehouse emergency equipment
and fire brigade tactics should be reviewed to ensure that
the equipment and procedures of the facility emergency
organization and that of the responding local municipal
emergency organization are compatible. Hose coupling
threads and radio frequencies are two areas in particular
that should be given prioriy.

6-1.9 Smoke and Heat Venting, Smoke control is impor-
tant in warcheuse occupandies due to the large amounts of
commodities stored within. In a large area, smoke wnds 10
lose its buoyancy sooner than it would in a more tighty
confined space. This orcurs because smoke cools the far-
ther it travels from its source. In all spaces, activated sprin-
klers also cool any smoke in the immediate area of dis-
charge.

Proper venting of smoke and hot gases minirmizes property
darmage and increases fire Ophter effeciveness and safey.
The plan should note how venting can be accomplished and
the location of any manual or automanc controls.

Venting should be accomplished by means of automatic
or manual roof vents, powered smoke removal systems, or
available buildiug features such as windows, ridge vents, or
overhead doors.

Automatic venting details showld be noted in the pre-
incident plan, as this conld affect fire behavior.
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1.0 S3COPE

This standard provides requirements for the installation of
Early SuppressionFast Response (ESFR) sprinklers and
discussion on the thaeory and development of these sprin-
klers. The ESFR sprinkler refies on the concept of fire sup-
pression, rather than fire control. Fire conmtral is the basis
for standard or large-drop sprinkler protection. The ESFR
sprinkler has undergons extensive testing and is backed by
much sciantific research, As with any such product, its reli-
abifity is based on close adherence fo the guidelines estab-
tished for its use.

Many of the engineering judgments appropriate to standard
or large-drop sprinkiers do not necessarily transpose fo
ESFR sprinklers. Use of convantional judgments for £5FR
sprinkler instaflations may not uniformly transfer to this
unique technology. Thus, i is important that the instalfation
requirsments contained hersin be closely followed,

2.0 INSTALLATION REQUIREMENTS

2.1 General

installation requirements for ESFR sprinklers provide ade-
quate flexibility for achieving excellent economy while main-
taining reliability. Data Shest 2-8N, Installation of Sprinkier
Systerns, applies for installation details not addressed hera.
Table 1 of this data sheet gives a summary of ESFR sprin-
kler installation guidelines.

2.2 Construciion

2.2.1 Roof Construction and Slope

Acceptable types of roof construction are not dependent
uporn the combustibility of the. roof, Rather, acceptability is
primarily a function of the roof shape and configuration,
needed td assure fairly uniform sprinkler response to a
growing fire. ESFR sprinklers are not suitable for use
beneath roofs that may prevant relatively uniform heat
movement, thereby causing a delay in sprinkier operation,

2.2.1.1 Roof Construction

ESFR sprinkters can be installed in buildings with the follow-
ing types of roof construction:

{a} smooth ceifing;
{b) bar joist;
{c} beam and girder;

{d) panel, up to 300 sq it {28 sq m). (This includes piy-
wond diaphragm roofs where the puriing and subpurling are
framed into the sides of, rather than on top of supporting
mambers to eliminale open communicating spaces at the
roof between panel areas.)

Note: Data Sheet 2-8N, Installation of Sprinkder Systems,
contains detatled information regarding definitions of raof
types.

2.2.1.2 Roof Stape

Roof slope up to and including 1 in./ft (83 mm/m) is accept-
able, For roof slope in excess of 1 inft {83 mm/m), & sus-
pended ceiling with aceeptable slope may be instalied
abovs the storage with sprinkiers instalied below the ceil-
ing. Sprinkler protection should be provided above the ceil-
ing #t roof level also if the roof, contents in the concealed
space, or ceifing are combustible, (See Data Sheet 1-12,
Coilings )
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Storage arrangements uUsed during the testing to develop
and datormine waler demands for ESFR sprinklers werg
generlly symmetrical, welkaranged simutated storages
with uniforer and well defined flue spaces, with the sxcep-
tion of ons successful tast involving imegular flue spaces.
The following storage area requirements refiect other con-
ditions for protection with ESFR sprinklers. {See also Sec-
tion 3.2, Applicability.}

2.3.1 Flue Spaces

it is not necassary 10 provide flue spaces unifonmily through-
out the racks. Minimum 3-in. (76-mm} flues in the trans-
verse direction at least every 810 10 f {2.4 10 3.0 m) of rack
length are sufficient to allow sprinkler water penetration
through the racks to the seat of the fire. Spaces

Tablg 1. Summuaty of ESFR Sprinkler Instaliation Guidelines,

Type of Bingle-, double-, multiple-row and portable rack
Storage’ storage (no open-1op combustible containers
or sofid shalves), solid-plled or palletized stor-
age, and bin-box storags.
Commagiity Class 1, I, i and IV commoditios.
Cartoned unpxpandad plastics.
Cartoned expanded plastics.
{All the sbove elther encapsulatad or nonencap-
sulated) .
Maximum 25 (7.6)
Helght of
Storage, ft {m)
Maximum 30 (8.7}
Helght ot
Bullding, ft {(m}
Roof Smooth ceiling.
Construction  Bar joist.
Bearn and girder.
Panal {ncluding plywood diaphragm)
Also,
Maximum roof slope of 1 int (84 mm/m)
Ne exposed expanded plastic
No automatic roof vents
Sprinkiors Type: ESFR pendant, 1685°F (74°C) nominal.

Location: Centarlina of thermal sensing ale-

ment maximum 13 in. {330 mm} and minjmum

4 In. (102 mm) bulow ceiling preferably 6 1o 10

In. (152 to 254 mmj below celling.

¥-Factor 140

Hydraulic Desigr: Minimurn 50 psi (3.45 bar,

245 kPa) from most remote 12 sprinklers flow-

Ingg 4 sprinkders on 3 brarich fines.

Systern typa: Wel-plpe {no diy-pips or

praaction].

Spacing: 8910 100 sq £ {74 0 9.3 8g m spac-

ing, minimum 8 # {24 m) and maxdmum 12 §

{3.7 m} betwesn sprinklars or branch lines.
Howo Streams 250 gpm (546 cu dmymin), 1'% in.(38 mm) hose

tings, maxdmum 100 ft (30.5 m) to reach all areas,

Water Supply  One hour duration,

"Othver types of storage can b protectsd with ESFR sprinkders when indi-
catad by the data sheet covering the perticutar type of storge.

formed by vertical rack uprights between each rack bay will
provide adequata flus spaces. Spaces normally available
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to allow accurate loading of pallet loads will provids addi-
tional flues randomly located within each rack bay.

Flue spaces are not nacessary for solid-piled or palletized
storage,

2.3.2 Sulid Shelves

Like other ceiling-only sprinkier arrangements, ESFR sprin-
kiers should not be used to protect rack storages that have
solid shelves. {Solid shelves are defined in Data Sheet
8-33, Rack Storags of Matorials.) Bacause solid shelves pro-
mote horzontal fire spread while simultancously shielding
burning combustibles from sprinkler discharge, they are not
conducive to ESFR protection,

2.3.3 Open-top cornbustible containers

" ESFR sprinklers~should not be used 1o protect rack stor-

age of open-iop combustible containers, Successful ESFR
sprinkler performance depends on sufficient sprinkler water
penetration through the racks 1o the seat of the fire. This
penetration is accomplished by direct water spray through
the flue spaces, as well as by runoff down the sides of the
stored commiodities from the top surfaces of the amray.
Openop combustible containers will colloct a significant
portion of the sprinkler water spray, praventing water run-
down to the seat of the fire at the lower tiers of storage. Con-
ventional ceiling-only sprinklers ars similarly handicapped
in this regard.

2.3.4 Special Considerations
2.3.4.1 Roof Helght Higher Than 304 (8.1 m)

When roof siope retjuirements result in roof peak height
up to 32 ft (8.8 m) maximum, ESFR sprinklers may be used
if sprinkier dasign discharge pressure is 60 psi (4.14 bar,
414 kPa) rather than 50 psi (3.45 bar, 845 kPa) as out-
lined in Section 2.4.1. Maximum storage height is stif 25 #t
(7.6 m).

2.3.4.2 Solid Mozzanines

When solid mezzanines with storage baneath are installed
within & building protected by ESFR sprinkiers, provide
ESFR spriniders bensath the mazzanine also, with no stor
age placed between the outslkde line of ESFR sprinklers
beneath the mezzanine and any edge of the mezzanine
which is open to the main building area. Limit storage height
beneath the mezzanine to 12 & (3.7 m} high and design
the ESFR sprinkler system beneath the mezzanine to pro-
vide six sprinkiers {three on two lines} at 50 psi (3.45 bar,
348 kPa). Water demand may be independent from the ceil-
ing ESFR gprinkler system,

2.3.4.3 Convayors and Walkways

For conveyors and walkways up o 6 # {1.8 m} wide which
can obstruct ceiling sprinkler discharge, provida a line of
ESFR sprinklers beneath designed to supply two sprin-
klers at 50 psi (3.45 bar, 345 kPa), and add the water
demand for the two sprinklers to that for the celiing ESFR
sprinkier systam,
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2.6.3 Clear Space Bsiow Sprinklers

Maintain at least 3 ft (0.9 m} betwean sprinkler deflectors
and the top of storage. This minimum clearance is neces-
sary to ensure adequate distribution of water spray from dis-
charging sprinkiers over the top of storage into flue spaces
and down the aisle faces.

2.6.4 Obstructions to Distribution

2.8.4.1 General

Effective fire suppression requires direct and prompt attack
upon the burning fuel by the sprinkler dischargs. There-
fore, obstructions to distribution and interference with the
discharge pattern must be taken into account in the over-
all design.

2.6.4.2 Ohstructions Located at or Near the Cailing

Where sprinkler deflectors arg located above the bottom of
beams, girders, ducts, fluorescent lghting fixtures or other
obstructions located near the ceifing, position the sprinkiers
so that the maximum vertical distance fom the bottom of
the obstruction to the deflectors is within the guidelines
specified in Table 2. Uss Figures 1 and 2 in conjunction with
Table 2 in positioning sprinkler daflectors.

2.6.4.3 Obstructions Located Below the Sprinkiers

When the position of sprinkiers with respect to fluorescent
lighting fixtures, ducts, and other obstructions wider than 2 i
{0.6 m) is such that the Tabie 2 deflector distances above
obstructions are excesded, install additional sprinkiers
beneath obstructions, and include such sprinklers in tha
water demand. Additional sprinklers heneath obstructions
are not nesded when: 1} obstructions up to 2 # {0.6 m} wide
are located below a single sprinklar, but not below two or
more adjacent sprinklers (including diagonally}, or; 2) con-
tinuous obstructions, such as sprinkler piping, utility pip-
ireg or ductwork up to 1 1t (0.3 m) wide ara located below
spAnkiers and offset at least 2 ft (0.6 m} horizontally from the
vertical centerine of the gprinklers.

3.¢ SUPPORT FOR RECOMMENDATIONS

3.1 Characterlaties of ESFR Sprinklers

ESFR sprinkiers were devsloped for use against high-
challengs fires with the goal of achiaving lower loss axpect-
anclas, They may be economical with ordinary storages

as well. The sprinklers are designed to respond quickfy to
growing fires and to deliver a heavy sprinkler discharge to
“suppress” the fire, rather thar “contral” it, a8 ocours with
standard and large-drop sprinklers, ESFR sprinklers pro-
vide a direct attack on the burming fuel by Improved sprin.
klar discharge to achiave early suppression of the fire.
Becauss of the effectivenass of these sprinklers, the need
for prewetting storage In surrounding areas and cooling at

Pagawg

the celiing, as is the case with the fire control concept, is
nearly eliminated. This approach results in a much smaller
fire area and sprinkler operaling area than conirol-mods
protection, making it a particularly good choice where there
are high-value contenls.

It is important to realize that the effectiveness of the ESFR
sprinklers depends on the combination of fast response and
the quality and efficiency of the sprinkier discharge. Other
sprinklers, possessing only one of these characteristics,
cannot be relied upon to achiove early fire suppression.

Fabla 2. Posiion of Daflector Whan Located Above Bottom of Basm

or Othar Obstriction.
Herizontal Distance from| Maximum Distangs Delactor
Sprinkler to Sids of Baam or| Above Bottormn of Beam or Other
Othar Obstruction Obstruction, in. {mm)
Lossthan 1 8 0.3 m) . o
1 #40.3 m) to less than 1% (38)
14H# {05 m)
1% ft {0.5 m) to less than 3 (76}
21 (0.6m)
Z 8 {0.6 m) to tess than 514 (140)
2% # 0.8 m)
2% f#t {0.8B my) to less than 8 {208}
If(0.8m)
31 {0.9 m) to less than 10 (254)
3B {t.im)
A% {11 m) to less than 12 (305)
41t {1.2 m}
4 f (1.2 m) 1o less than 15 {381)
a4 {14 m)
A4t4 1t {1.4 m} to loss than 18 (457}
54t {1.5 m)
5t (1.6 m) o lgss than 22 (559)
Ste ft (1.7 m)
5% #t {1.7 m) 1o less than 26 {660}
ER1.Am}
61t (1.8 m} 31 (787

ESFR sprinklers will provide excellont, reliable protection
for those occupancies that have been shown by testing to
be suitable. As with any new tachnology, carelu! deslgn and
close adherence to the rules glven in this data sheet are
essential. Therefore, judgments intended to extend their use
or amend ingtaliation requirements may not bo consistent
with those attributed to other types of sprinklers. The char-
acteristics of ESFR sprinklers are further discussed In the
Appsndix of this data shaet,
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been relaxed to 1 in./fit (84 mm/m). An FMRC research
project to evaluate roof slope effects on ESFR sprinkler
operations showed that the 1 in/it (84 mm/min) slope rep-
resents a practical maximum for the purpose of avoiding

a skewed sprinkler operating pattern.

The goal of any analysis involving heat and smoke vents
should be to prevent delayed sprinkler operation if the fire
starts under or near a vent. Early vent operation could pre-
vent the buildup of the heat layer beneath the roof which
is necessary to operate the sprinklers. At the very mini-
mum, when avoidance of automatic vents is impossible,
mechanically operated types should be used with the fus-
ible elements rated 360°F (182°C) or more to allow sprin-
klers to operate before the vents. Plastic drop-out type
vents should be avoided.

3.4.3 St?rage Amrangements

The intent of this standard is to allow ESFR use for only "
those storage arrangements and commodity hazard levels
where either 1) successful fire testing has been completed,
or 2) a rigorous engineering study allows judgment on the
basis of favorable comparisons between existing fire test
using data with other types of sprinklers and the intended
application using ESFR sprinklers.

3.4.4 Sprinkler System Design

Sprinkler system design criteria is based on resuits of full-
scale fire testing. Because of the rigorous approval require-
ments for water distribution and fire plume penetration,
deviations from the specified design requirements cannot
be made.

3.4.5 Sprinkler System Components

Generally, components that are FMRC-Approved for sprin-
kler system use are acceptable.

3.4.6 Localion and Paosition of Sprinklers

There are four factors which need to be considered when
locating sprinklers beneath a ceiling: 1) the sprinkler must
be close enough to the underside of the ceiling to ensure
that the sprinkler will discharge water quickly enough to sup-
press the fire; 2) the sprinkler must be located far snough
above the top of storage to allow proper distribution of the
water discharge over the area coveraed by the sprinkler;

3} obstructions located horizontally from the sprinkler which
could Interfere with proper lateral distribution must be min-
imized; 4) obstructions located beneath the sprinkler which
could interfere with both water distribution and penetration
of the fire plume must be minimized.

4.0 APPENDIX - DEVELOPMENT OF ESFR SPRINKLERS

4.1 Background

The continuous study of automatic sprinkler protaction by
FMRC led to the establishment of a sprinkler optimization
program initiated In 1968. Under this program, a study was
begun into drop slze distribution and the asrodynamics of
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sprinkler sprays. This work led to the design of a large-
drop sprinkler which recsived its first practical demonstra-
tion in 1971 when a large-scale fire test of warehouse
commaodities was conducted, and it culminated in 1980 with
FMRC's publication of installation rules for large-drop
sprinklers.

In 1976, FMRC accepted a contract with the United States
Fire Administration (USFA) to evaluate sprinkler perfor-
mance in residential occupancies. During the course of
that work, FMRC engineers and scientists determined that
fast response sprinklers would be required to maintain a
safe environment in occupied residential areas. Conse-
quently, research with “fast response” residential sprin-
klers was undertaken and an effective prototype was
developed by 1879,

The success with fast response residential sprinklers
prompted FMRC engineers to consider the use of fast
response sprinklefs for industrial applications. High-
challenge fires were of particular interest. Since large-drop
sprinklers had been developed for use against high-
challenge fires, it was natural to specufate on the benefits
to be derived from the use of fast response large-drop
sprinkiers.

In October 1982, large-drop sprinklers were armed with fast
response (Response Time Index [RTI] 50} links and a series
of large-scale fire tests was conducted in double-row rack
storage of plastics. In accordance with standard fire test-
ing practice, the ignition point was centered below four
sprinklers. The result of these tests clearly demonstrated
that a dramatic improvement in the protection of high-chal-
lenge hazards could be achieved by combining fast
response with a sprinkler possessing high suppression
capability.

Following the large-scale tests, a series of intermediate scale
tests was conducted to study the effects caused by chang-
ing various parameters. In these tests, fast response large-
drop sprinklers were not as effective when the ignition point
was located directly below a sprinkler, This problem Is
caused by a hollow spot in the discharge pattern, located
directly below the sprinkler. A fire started In this area may
develop with [ittle hindrance from the sprinkler discharge.
As the fire plume develops, it causes the discharge pat-
tern to open up further and even lass water will reach the
area directly below the sprinkler. The fire will soon reach

a size where early suppression cannot be achieved.
Although the extent of this deficiency was never quanti-
fied, at best the sprinkiers would then act in the control
mode where the level of performance will approximate that
of large-drop sprinklers having normal sensitivity (RTI1 300).
The benefits of fast response will then be lost.

Obvlously, ESFR sprinklers must perform at an acceptable
level regardless of the location of the ignition point. Large-
drop sprinklers, therefore, were not suitable for ESFR pur-
poses for the conditions tested. However, the tests
conducted with fast response large-drop sprinklers did
prove that the ESFR concept was viable, Consequently,
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4.3.1 Apparalus

RTI is measured using the Plunge Test Apparatus. In a
plunge test, the sprinkler is suddenly immersed in a uni-
form gas flow of constant temperature and velocity, The actl-
vation time detarmings tha sprinkiar time constant, which
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can be used 1o predict the activation ime in any fire envi-
ronment defined in terms of temperature and velocity
versus fime. The RTI value for a sprinkler is the product of
the sprinkler time constant and the square root of the air
valocity, ’
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Fig. 3. Gensrafized RDD-ADD concept.

RDD is determined using a specially designed water appii-
cator in canjunction with a ldrge-capacity calorimeter cailed
tha Fire Products Collector. The wailer applicator uses a sys-
tem of small ¢closely spaced nozzles to deliver a krown rate
of water directly onto the top surface of the burning fuel
array. The firs enwironment of a patiicular storage array in
terms of temperature and velocity versus time is defined by
knowing tha RTI of prototype ESFR sprinklers and by using
the Fire Products Collector, This information is used to pre-
dict axpected sprinkler operation. When this prediction is
inputinto a computerzed heat-release-rate monioring sys-
tern, time to lum on the water applicator is known, allow-
ing detarmination of the RDD nesded to suppress a fire in
the patticular storage array, By varying the water applica-
tion rate in repstitive tests, minimurm ROD needed to
achieve early fira Suppfﬁ%iﬁn in a particular storage array
is pinpointsd.

ADD of sprinklers is determined using a specially designed
autornated system for measuring the water fiux {density)

of sprinkier sprays. The system is comprised of a fire source,
simulated commiodities, and an ADD measuring system,
Using a precisely controfled heptane spray fire source, sim-
ulated fire-resistive commaodities and a computerized water
colioction system, the apparatus defines the amount of
sprinkler spray that acitually penetrates a fire plume and is
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deposited on to the top horizontal surface of a burning com-
bustible array. Heat-release rates determined from RGD
testing are simulated. An analysis of ADD data is com-
pared to HDD requirements to determine whether & sprin-
kler is capable of providing an ADD in excess of the raquired
ROD. 1f so, then early supprassion would be expected in

a realklife fire; if not, early suppression would not be
expected in a real-life fire, The major factors that affect ADD
and that can be measuwred using the ADD apparatus arg

1} intensity of the fire; 2) clearance between sprinklers and
the top of the buming array; 3) spacing of sprinklers on pip-
ing beneath the cefling; 4} sprinkler discharge pressure;

8) number of discharging sprinklers; 6) fire ignition loca-
tion with respect to the discharging sprinklers, and; 7} sprin-
kler characleristics, such as geometry and uniformity of
water density and drop size distribution.

.4.3.2 Fuik-Scats Fire Tesls

Full-scale fire lests were conducted using an ESFR proto-
type sprinkier. This prolotype had been tested using the
ADD apparatus and had been shown to be theoretically
capable of providing early fire suppression in actual full-
scale storage arrangements. The purpose of the fuli-scale
testing was two-fold: 1) to confirm the valigity of the theory
that a fire will be suppressed when ADD exceeds RDD, and
2) 1o eslablish ESFR sprinkler system hydraulic design crl-
teria. Both of these purposes were confirmed by full-scale
tests. A summary of these fire tests is presented in Table 3.

Ful-scale fire testing did confirm the validity of the ESFR
concept while simullaneousty providing data to permit deter-
mination of ESFR sprinkler system hydraulic design criterda,

4.4 Retroflt Considerations

When evaluating the potential for £SFR sprinklers to be ret-
rofitted into existing sprinkler systems, the following items
should be considered:

1. Because of the oriticality of maintaining proper cefling-to-
thermal sensing element distances, and the fact that the
vast majority of existing sprinkler systems uss upright sprin-
klers, retrofitting the pendent ESFR sprinkler to an exist
ing system cauld require major piping relocation.

2. The presence of existing lighting, ductwork, etc., may
create obstructions to distribution.

3. Sprinkler systems originally designed for high-hazard
storages are usually more able to supply ESFR water
demands than those designed for low to moderate hazards.
A celling systermn designed for use with in-rack sprinklers
would have significantly less capacity ther a ceiling sys-
tern designed without in-rack sprinklers because of the
credit given for use of in-rack sprinklers.

4. The most hydraulically favorable systams are loops,
followed by tree-shaped systems and grids.

5. Calculations generally show that a system capabla of pro-
viding 15 k=11.2 (farge-drop]} sprinklers at 50 psi (3.45 bar,
345 kPa) would also be capable of supplying 12 k=14.0
sprinklers at 50 psi {3.45 bar, 345 kPa).
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EARLY SUFPRESSION.-FAST HESPONSE (ESFR) SPRINKLERS
FOR BUILDINGS TO A MAXIMUM OF 40 FT (121 M) IN HEIGHT

RECOMMENDATION

1. ESFR sprinkers which areFactory Mutual Research Camparatian (EMEC) Aproved for idstallatiertin 40 Tt (12.1 m) high
buildings may be used 1o protect soifd-plied, peilaiizad and openframe rack storage of cartoned unexpanded piastics up to
36 ft {10.6 m) high In bulldings up 1o 40 % (121 ) high, subiest t© the folowing condilions:

2) CAUTION: Only those sprinklers spesifically FMRC-Approved for use in 40 % {12.1 m) hgh buildings oen be used.
At this ime, only the Grinnulf Model ESFR-1 the Aeliable Medel H and ths “Automatic™ Model K1 gre FMAC-Approved for
20 # 12,7 m) buildings. The *Automgiic’* Moda! K ia only FMROparoved for use in 30 R (8.7 m) high bulldings and

s not acceptable far 40 f (12,1 ) high bullding appieations. Whnen any other ESFR sprinkler medals become FMRC-
Approved for 40 & (12,4 m) high bullding appiications, nobdce will &e issusd Immedistaly, Onice spechle istings of EBFR
sprinklam FMRC-Approved for use In 40 ft (1221 m) high bulldings appear In the FMRE Agproval Guide, that guide may
be consulied for Information,

b} Commedity berard Bmied to Class 1, 2, 4 and 4 commaodities end cartoned unexpanded plastic. All flammable and com-
bustibie liquids are excluded.

<) Design the system 1o provide 12 sprinklery 1 75 pel (617 ‘ban, plus 250 gal/min (348 L/min} for hose streams.

o) gv?a)émum spaging between bianch linss and tetween sprniders an branch lings Is 10 &t (8 m), with area of cover-
age between 80 and 100 st (741083 sg mb.

8} Criterte for obstrucions o distitaion from both Data Sheets 2.2, Earfy Suppression-Fast Response Sprinkters, and
2-7, Instaffallon Rules for Sprinkier Systems Uising Lerge-Drop Sgprinkiers, must be wel

) Al other eriteda from Dyda 8hoot 22 apply. No devisions from i above guitelines are permitted.

DISCUSSION

A series of eight rack storage fre tesis has been conducted o dstanming B adegiate sprinkder proteciion for cartoned
ungxpanded plastics 1o 35 41 (10.9 m) In helght under 2 40 11 {121 my) high cefling cen de yrovided by an ESFR sprinkler ays-
tern discharging et 75 pyl (5.7 ber). Three FMRC-Approved ESFR sprinkders were used: "Automeatie” K, “Automalic™ KT and
Grnneli ESFR-1. Sprinkier spacing was maintalned at 10 by 10 § (8 by 8 m) ang sprinkier diacharge pressurs was 75 psi
(5.7 bar).

The tast conditions and results are provided in Table 1.

The first 1oL TSTS Were conducted to ivestigate the case with ignifion direatly below s sprinkier. Tha “Auiomatie” K sprine
Ker was used In Tests 1 and 3; the Ginnell ESFR-1 sprinkler was usad In Tesis 2 and 4. In Test 3, the storage height was
& B {765 m) with 15 i (4 6 m) ciparance fom top of storage io the sprinkler, The fire was hot suppresssd with tha “Auls-
matic” K npanldae. Fer trus giter throg teats, the fre was aJdpposnnd swdsaalully.

Three additiong] tests were condutted 10 Investigats the case with Ignition centered batween two sprinklers, using the Grin-
nall ESFR-1 sprinkler. The storsge height wes 35 ft (10.6 m): tha dearanca batween sprinklers and top of storags was &
{0.8 m}. One @8 was corghucte with g plupged head at 5 ft (1.5 m) from centérling of the Ignitlon stack and the other with.
out sy plugged heads. For ths test with & plugged head, tha fre was not suppressad and » iotal of 20 heads opemited,
For the testing withaut any plugoed head, the fire waz suppressed with two heads operating. Becavse of the plugged head
test resuits, obstruciion o distribution coriteria are more stringeant

The last test was conducted o Investigate whether the "Autormatic” Model K1 gprinider could successfully be usad within
the guidetines of this bulletin. This test was successiul

Data Shest 2-2 wilt b revised and proyassts will be made 1o appropiiate NFPA technical committess

“Teshiical Advisory Bulleting provids information for lass confrol purpoges, TARs reflect Factory Mohual
Rozearoh Corpuration's best judgment of i subject where newness, the need for tost data, or further 1
research witl Hioly I 10 futorg revizkan, T general, they provida guldelines ko be wyed with fudgment. h

ey s

1092 Eatiory Mukral Englesring Gom, Al ignts reserves,
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APPENDIX B—-SUBDIVISIONS - Bec. XVI

2. Water services for each lot shall be stubbed out with
an angle stop to the location required as shown on the
standard details. A meter box conforming to the
requirements of the standard specifications shall be
installed over the end of each service.

3. Valves and fire hydrants shall be located at intervals of
three hundred (300) feet in industrial, cornmercial or local
retail areas and at intervals of five hundred (500} feet in
apartment or residential areas.

4. 8hould the subdivision or addition sbut and use a
water main of the city, the developer shall pay to the
Town of Addison & “pro rata™ charge as prescribed by
the pro rata ordinance of the city for use of the same.

E. Other utilities.

1. The developer shall furnish all easements and
rights-of-way necessary for construction of electrical,
gas, and telephone service to the subdivision.

2. The developer shall pay for the number of street lights

' required in the subdivision as determined by the
director of public works. Maximum distance between
street lights shall be approximately six hundred {600}
feet. After acceptance of the subdivision, service
charges for electricity will be paid by the city,

3. The developer shall be responsible for all damage to
improvements caused during installation of utilities.

. Miscellaneous.

1. The developer shall provide street signs for the
subdivision. There shall be one sign for each three (3)
way Intersection and two (2} signs for each four (4)
way intersection. The signs will be ordered by the
public works department and the developer billed a
fixed fee for each sign. Such price shall include cost of
the sign assembly, pole and matallation.

2. Sidewslks shall be constructed in accordance with the
sidewalk ordinance of the Town of Addison on all lots

Supp. Mo. 17
pp- TR0 2109
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of 150 feet from 2 water supply on & public strect, as measured by an approved
route around the exterior of the facility or building, on-site fire hydrants and mains
capable of supplying the required fire flow shall be provided when required by the
chief.

Type of Water Supply

Sec. 16.402. Water supply may consist of reservoirs, pressure tanks, elevated
tanks, waler mains or ¢ther fixed systems capable of providing the required fire
flow. In setting the requirements for fire flow, the chief may be guided by the
provision in Appendix HI-A.

Fire Hydrants

Sec. 10.403. The location, nember and type of fire hydrants connected toa water
supply capable of delivering the required fire flow shall be provided on the public
street or on the site of the premises or both to be protecied as required and approved
by the chief. Fire hydranis shall be accessible to the fire department apparatus by
roads meeting the requirements of Divisien I

For fire safety during construction, alteration or demolition of a building, see
Section 87.103 {¢).

Division V
INSTALLATION AND MAINTENANCE OF
FIRE-PROTECTION AND LIFE-SAFETY SYSTEMS

General

Sec. 10.501. (a) Type Required. The chief is authorized to designate the type
and nember of fire appliances 10 be installed and maintained in and upon ail
buildings and premises in the jurisdictior other than private dwellings. This
designation shalf be based ypon the relative severity of probable fire, inchuding the
rapidily with which it may spread. Such appliances shal! be of 4 type suitable for
the probable class of fire associated with such bullding or premises and shall have
approval of the chief,

{b) Special Hazards. For occupancies of an especially hazardous nature or
whigre special hazards exist in addition to the normal hazasd of the occupancy, or
where aceess for flre apparatus is unduly difficult, the chief is authorized o require
additional safeguards consiating of additional fire appliance units, more than one
type of appliance, or special systeras suitable for the promction of the hazard
ipvolved. Suchdevices or appliances may consist of auwtornatic fize alarm systems,
automatic sprinkler or water spray systems, standpipe and hose, fixed or portable
fire extinguishers, suitable fire blankets, breathing epparatus, manual or autematic
covers, carbon dioxide, foam. halegenated or dry chemical or other special
fire-extinguishing sysiems. Where such sysiems are provided, they shall be
designed and Installed in accordance with the applicable Uniform Fire Code
Starclards,
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BAS Realty Ltd.

1223 Crowley Drive
Carrollton, Texas 75006

Phone (214) 245-0252 Fax (214) 242-8203

JULY 23, 1998

JOHN BAUMGARTNER
CITY OF ADDISON

ROX 144

ADDTSON, TEXAS 75001

DEAR JOHN:

PER YOUR REQUEST AS ADVISED BY LYNN CHANDLER, BELOW YOU WILL FIND OUR

CURRENT STATUS REGARDING VARIOUS SUBJECTS REQUIRED TO GET A TEMPORARY
CERTIFICATE OF OCCUPANCY FOR MY PROPERTY AT 16400 MIDWAY ROAD.

LANDSCAPE

SLADE STRICKLAND HAS GIVEN ME THE MONTH OF AUGUST TO COMPLETE A
SUBSTANTTAL PORTION OF OUR LANDSCAPING. AS WE ALL KNOW, AUGUST IS
NOT A GOOD MONTH TO PLANT AND GOOD PLANTS ARE SCARCE, HOWEVER, WE
WILL DO THE VERY REST WE CAN.

FIRE DEPARTMENT

WE ARE CLEARED AND APPROVED. BRUCE MUELLER REQUESTED TODAY THAT WE
DIG A THREE FOOT PERIMETER AROUND AND THREE INCHES BELOW THE FOUR {4)
FIRE HYDRANTS ON THE PROPERTY TO MAXE OPENING THE WATER VALVES SIMPLE.
THIS HAS ALREADY BEEN ACCOMPLISHED.

UTILITIES

BRUCE ELLIS NEEDS A MATNTENANCE BOND FROM OUR CONTRACTOR,TRIDALE COMPANY.
BRUCE WAS PROMISED BY STEVE WHITE OF SUBJECT COMPANY TO HAVE THIS DONE
BY THURSDAY OF THIS WEEK.

BRUCE ALSO REQUESTED A CONCRETE 2XZ LOCATOR PAD CONTOURED TO FINISHED
GRADE AROUND ALL FIRE HYDRANTS. THIS HAS ALREADY BEEN ACCOMPLISHED,

JOHN, I THIEKK THIS COVERS OUR TEMPORARY C.0. REQUIREMENTS. PLEASE

LET ME KNOW IF YOU NEED ANYTHING ELSE.

REGARDY, »

w

V. A, BAHM










BAS REALITY LTD. =

i
1233 CROWLEY DRIVE ,r
CARROLLTON, TEXAS 75006 | FEB 23 8%
(218) 285-2542 |
FAX (215) 242-8203 i AL R T T RAR N e
(21%) L CITY BAMNAGER

FEBRUARY 23, 1995

MR. RON WHITEHEAD, CITY MANAGER @L ﬁ

TOWN OF ADDISON
BOX 144
ADDISON, TEXAS 75001

DEAR RON,

I KNOW YOU ARE AWARE OF MY PROBLEM BRINGING AN ELECTRICAL
POWER LINE OVER THE DITCH FOR MY FORTHCOMING BUIEDING ON
MIDWAY. JOHN AND CARMEN SUGGESTED | WRITE TO YOU REQUEST-
ING APPROVAL FROM YOU TO ALLOW ME TO PLEAD MY CASE TO THE
CITY COUNCIL AT THE TUESDAY, MARCH 28, 1995 MEETING. 1 WILL
SUMMARIZE THE PROBLEM BELOW SHOULD ANYONE LIKE TO REVIEW
THIS MATTER PRIOR TO THE REQUESTED MEETING.

THE TOWN OF ADDISON, APPENDIX B, SUBDIVISIONS, ORDINANCE
#261 PAGES 2111 AND 2112 PROHIBITS THE USE OF INSTALLING
ELECTRICAL POLES FOR OVERHEAD POWER USES. | THINK THIS
ORDINANCE WAS MAINLY AUMED AT RESIDENTIAL DEVELOPMENTS OF
WHICH | HEARTILY AGREE. HOWEVER, THIS ORDINANCE IF ENFORCED
AGAINST MY MANUFACTURING FACILITY WOULD BE EXTREMELY COST
PROHIBITIVE TO ME.

HERE IN LIES THE PROBLEM. BELOW ARE OUR THREE OPTIONS:

1) TEXAS UTILITIES WOULD UTILIZE AN EXISTING POLE AT THE
SOUTH SIDE OF THE DITCH AND RUN THE POWER OVER THE
DITCH TO (1} INSTALLED POLE ON THE EAST END OF MY PROP-
ERTY AND AS CLOSE TO MY TRANSFORMER AS POSSIBLE. WE
WOULD THEN GO UNDERGROUND FROM THE POLE TO THE
TRANSFORMER TO MY BUILBING. SIMPLE FOR TEXAS UTILITIES.
VERY LITTLE COST TO ME. ONLY PROBLEM IS WE NEED A
VARIANCE TO INSTALL (1} POLE AT THE REAR OF MY PROPERTY.

2) JF WE CANNOT GO OVER THE DITCH, WE HAVE TO GO UNDER THE
DITCH. THIS WOULD ENTAIL BLASTING AND DRILLING A TRENCH
APPROXIMATELY 3 FEET DEEP AND 2 FEET WIDE UNDERNEATH THE
LIMESTONE DITCH. SECONDLY, SINCE THIS TRENCH 15 SOMETIME
UNDER WATER, SPECIAL CABLE, WIRING, AND CONCRETE ENCASE-
MENT WOULD BE REQUIRED BY CODE. THIRDLY, WE WOULD THEN
HAVE TO GO FROM THE DITCH TO MY TRANSFORMER (APPROXIMATELY
150') UNDERGROUNE IN ANOTHER CONCRETE ENCASEMENT TO HOUSE
THE HIGH POWER WIRING. FOURTHLY, WE WOULD HAVE TO BUILD
A MAN HOLE ON MY SIDE OF THE PROPERTY, SO TEXAS UTILITIES
COULD INSPECT THE WIRING NEXT TO THE DITCH. <COST ARE BEING



TABULATED AT THIS MOMMENT FOR THIS OPTION. 1 HAVE
BEEN TOLD THE COST WILL BE ASTRONOMICAL COMPARED TO
RUNNING A SIMPLE POWER LINE OVER THE DITCH.

3] THE ONLY OTHER OPTION IS TO RUN THE HEAVY POWER LINES
FROM THE CURRENT POLES ON MIDWAY TO THE REAR OF MY
BUILDING WHERE THE PLANT 1S LOCATED REQUIRING THE HEAVY
ELECTRICAL USES. THE LENGTH IS ABOUT 700 FEET, WHICH
AGAIN, THE HEAVY WIRING WOULD HAVE TO BE PLACED IN A
SPECIAL CONSTRUCTED CONCRETE ENCASEMENT. THIS WOULD
HAVE TO RUN THESE DISTANCES. AGAIN, COST FIGURES ARE
BEING TABULATED BY TEXAS UTILITIES.

THAT IS ABOUT THE SIZE OF IT. MY ONLY OTHER ALTERNATIVE WOULD
BE TO PUT THE PLANT, SILO'S, ETC. IN THE FRONT OF THE BUILDING
FACING MIDWAY WHERE THE POWER IS. THIS WOULD THEN PUT THE
BEAUTIFUL FRONT OF MY BUILDING IN THE REAR FACING THE DITCHES
AND CULVERTS. THAT CERTAINLY DOES NOT MAKE ANY SENSE FOR ME
OR THE CITY OF ADDISON.

RON, WE BOTH KNOW THAT IT IS VERY DIFFICULT FOR ANY ONE LAW OR
ORDINANCE TO COVER ALL VARIABLES. 1 FIRMLY FEEL IT WAS NOT

THE INTENT OF THE CITY COUNCIL, THROUGH PASSING ORDINANCE #261,
TO BRING THIS TYPE OF HARDSHIP ON A NEW BUSINESS THAT HAS
SELECTED THE TOWN OF ADDISON AS ITS PERMANENT FUTURE HOME.

THANKS AGAIN.
REGARDS,

BAS REALITY LTD.

b

A. SAHM
GhNt:RAL PARTNER

VAS/mh <
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Summary
Water sSurface Calculations
Entrance to 72" RCP
February 8, 18985

The flow characteristics have been analyzed using the THYSYS
computer program developad by the Texas Department of
Trangportation. The flows were taken from the Design Engineer’s
Report for the Addison Airport Drainage Improvements Project.

The initial task was to determine the water surface elevation at
the entrance to the 72% RCP prior to construction. Based on the
survey data from the Addison Airport Drainage Improvement Project
and on the topographic maps provided by the Town of Addison, a
cross section at station 59+17 (the entrance to the 72" RCP) was
established. The western limit of the section is at elevation
614.9 approximately 85 feet west of the fence.

The initial analysis included only the flow from the drainage area
north of the section. This analysis considered only the slope of
the channel and the flow characteristics of the channel to compute
the water surface elevation. This yielded the following:

025 = 335 (CFS Water surface
Q100 = 411 CFs Water surface

614.69
614.84

non

Examination of the topographic map indicated that this section
carried not only the flow from the north, but also the flow from
the east that crosses under the runway. Therefore, the initial
analysis is not a realistic scenario.

An analysis was made using the combined flows and the same section.
Again, no backwater effects from downstream were considered. The
initial computer simulations indicated that the high point to the
west at elevation 614.92 was not high enough to contain the water.
Therefore, an imaginary wall was inserted at the high point with a
very small roughness coefficient to simulate standing water at the

edge of the section. The resulting water surface elevations are as
follows:

Q25 = 693 CFS Water surface = 615.21
Q100 = 853 CFS Water surface = 615.37

This indicates that even with no backwater effects from downstream,
the water was not contained within the channel, but flowed overland
across the adjacent property.

After reviewing the initial results, John Baumgartner requested
that the water surface elevation prior to construction be evaluated
using a section downstream from the entrance to the 72" RCP that
appeared to be a constricting section on the topographic map.

Using survey information from the Drainage Improvements project, a
section was evaluated at 280 feet downstream from the 72" ROP



entrance. This section was evaluated as a constricting section
using the slope of the channel and the flow characteristics of the
section to calculate the water surface elevation at the downstream
section. The water surface was then projected upstream to the 72%

RCP entrance at the channel slope. This method shows the
following:
Q25 = 693 CFS HW25 @ section 280’ dwnstm. = 613.22
11 4 HW25 @ 72" RCP entrance = 617.45

#3

H4

Q100 = 853 CFS HW100 @ section 280’ dwnstm. = 613.62
HW100 @ 72" RCP entrance = 617.85

This water surface elevation is also above the 614.9 high point
elevation on the property to the west, indicating flow over this
property.

Of the three scenarios examined above, the last probably gives the
most reliable information regarding the water flow characteristics
prior to construction. This section is very close to a surveyed
section, contains all of the 100 year flow within the section for
analysis, and represents a constricting section downstream from the
72" RCP entrance. The projection of a 100 year water surface
elevation of 617.85 at the 72" RCP entrance indicates a significant
backwater effect and shows that a significant amount of water
flowed over the adjacent property to the west prior to the
construction of the storm drain system. Determination of the exact
elevation of the water surface and the split of flow between the
channel and the overland flow would require a more complex
hydraulic modeling effort and more information regarding the
topography of the property west of the airport.

The water surface elevation at the 72" RCP entrance has also been
analyzed for the configuration after construction. The system was
designed for the 25 year and included overland flow as a part of
the design.

The first constructed scenario assumed that the 72" RCP is in place
and no £fill was placed on the adjacent property. The water surface
elevations with overland flow taken into account are as follows:

Q25 = 335 CFs Water surface = 615.86
Q100 = 411 CFs Water surface = 618.74

The second constructed scenario was done assuming the 72" culvert
is constructed and fill is placed on the adjacent property to the
west. This is the existing condition. This analysis showed the
following water surface elevations:

Q25 = 335 CFS Water surface = 617.28
Q100 = 411 CFS Water surface = 618.99

The third scenario was done assuming 72" culvert is constructed and
a retaining wall is placed 10’ behind the fence. The water surface
elevations are summarized as follows:



+ 5 Q25 = 335 CFS Water surface = 616.47
Q100 = 411 CFS Water surface = 618.86

It should be noted that all of the water surfaces were projected
with the tallwater for the 72" RCP taken from the initial
Engineer’s Report and the tailwaters were calculated assuming that
all of the flow is confined to the 2-7x6/ reinforced concrete box
{(RCB) downstream. With part of the flow being routed overland, the
flow within the RCB would be reduced with a corresponding decrease
in the tailwater elevation for the 72" RCP. All of the above
scenarios show that some water would continue to flow overland as
it did before the drainage system was constructed.

After initial review of these three scenarios, John Baumgartner
suggested that the water surface be evaluated using the 100 year
tailwater calculated by the developer after the channel
improvements were constructed. This tailwater was routed back
through the drainage system and included the overflow area in the
existing condition {fill has been placed on the adjacent property).
The calculated water surfaces are as follows:

H 4 X Q100 = 411 CFS Water Surface = 618.57

The 25 year flow was not evaluated because no 25 year water surface
elevation was provided by the developer’s plans.

All of the constructed scenarios indicate that the water flows
overland around the pipe as it did prior to the construction of the
drainage system.
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summary
Water Surface Calculations
Entrance to 72" RCP
February B8, 19%5

The flow characteristice have been analyzed using the THYSYS
computer program developed by the Texas  Department of
Transportation. The flows were taken from the Design Engineer’s
Report for the Addison Airport Drainage Improvements Project.

The initial task was to determine the water surface elevation at
the entrance to the 72" RCP prior to construction. Based on the
survey data from the Addison Airport Drainage Improvement Project
and on the topographic maps provided by the Town of Addison, a
crogss section at station 59417 (the entrance to the 72" RCP) was
established. The western limit of the section is at elevation
614.9 approximately 85 feet west of the fence.

The initial analysis included only the flow from the drainage area
north of the section. This analysis considered only the slope of
the channel and the flow characteristics of the channel to compute
the water surface elevation. This yielded the following:

Q25 = 335 (QF5 Water surface = 614.69
Q100 = 411 CFS Hater surface = 614.84

Examination of fthe topographic map indicated that this section
carried not only the flow from the north, but also the flow from
the east that crosses under the runway. Therefore, the initial
analysis is not a realistic scenario.

An analysis was made using the combined flows and the same section.
Again, no backwater sffects from downstream were considered. The
initial computer simulations indicated that the high point to the
west at elevation 614.9 was not high enough to contain the water.
Therefore, an imaginary wall was inserted at the high point with a
very small roughness coefficient to simulate standing water at the

edge of the section. The resulting water surface elevations are as
follows:

025 = 693 CFS Water surface
Q100 = 853 CFS Water surface

= §£15,.21
= 615,37
This indicates that even with no backwater effects from downstreamn,

the water was not contained within the channel, but flowed overland
across the adjacent property.

After reviewing the initial results, John Baumgartner reguested
that the water surface elevation prior to construction be evaluated
using a section downstream from the entrance to the 72" RCP that
appeared to be a constricting section on the topographic map.

Using survey information from the Drainage Improvements project, a
section was evaluated at 280 feet downstream from the 72% RCP



entrance. This section was evaluated as a constricting section
using the slope of the channel and the flow characteristics of the
section to calculate the water surface elevation at the downstreanm
section. The water surface was then projected upstream to the 72"

RCP entrance at the channel slope. This method shows the
following:

Q25 = 693 CFS HW2S @ section 2807 dwnstm. = 613.22
HW2Z25 @ 72" RCP entrance = 617.45

Q100 = 853 CFS HW100 @ section 2807 dwnstm. = 613.62
HW100 8 72V RCP entrance = 617.85

This water surface elevation isg also above the 614.9 high point
elevation on the property to the west, indicating flow over this
property. -

0f the three scenarios examined above, the last probably gives the
most reliable information regarding the water flow characteristics
prior to construction. This section is very close to a surveyed
section, contains all of the 100 year flow within the section for
analysis, and represents a constricting section downstream from the
72% RCP entrance. The projection of a 100 year water surface
elevation of 617.85 at the 72% RCP entrance indicates a significant
backwater effect and shows that a significant amount of water
flowed over the adjacent property to the west prior to the
construction of the storm drain system. Determination of the exact
elevation of the water surface and the split of flow between the
channel and the overland flow would require a more complex
hydraulic modeling effort and more information regarding the
topography of the property west of the airport.

The water surface slevation at the 72" RCP entrance has also been
analyzed for the configuration after construction. The system was

designed for the 25 year and included overland flow as a part of
the design.

The first constructed scenario assumed that the 72" RCP is in place
and no £ill was placed on the adjacent property. The water surface
elevations with overland flow taken into account are as follows:

Q25 = 335 CFS Water surface = 615,86
Q100 = 411 CFS Water surface = 618.74

The second constructed scenario was done assuming the 72" culvert
is constructed and £ill is placed on the adjacent property to the
west. This is the existing condition. This analysis showed the
following water surface elevations:

Q28 = 335 CFS Water surface
Q100 = 411 CFS Water surface

617.28
618.99

¥

The third scenario was done assuming 72" culvert is constructed and
a retaining wall is placed 10’ behind the fence. The water surface
elevations are summarized as follows:



Q25 = 335 CFS8 Water surface = 616.47
Q100 = 411 CFS Water surface = 618.86

It should be noted that all of the water surfaces were projected
with the tailwater for the 72" RCP taken from the initial
Engineer’s Report and the tailwaters were calculated assuming that
all of the flow is confined to the 2-7’x6’ reinforced concrete box
(RCB) downstream. With part of the flow being routed overland, the
flow within the RCB would be reduced with a corresponding decrease
in the tailwater elevation for the 72" RCP. All of the above
scenarios show that some water would continue to flow overland as
it did before the drainage system was constructed.

After initial review of these three scenarios, John Baumgartner
suggested that the water surface be evaluated using the 100 year
tailwater calculated by the developer after the channel
improvements were constructed. This tailwater was routed back
through the drainage system and included the overflow area in the
existing condition (£fill has been placed on the adjacent property).
The calculated water surfaces are as follows:

Qi00 = 411 CFS Water Surface = 618.57

The 25 year flow was not evaluated because no 25 vear water surface
elevation was provided by the developer’s plans.

All of the constructed scenarios indicate that the water flous
overland around the pipe as it did prior to the construction of the
drainage system.
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1223 Crowley Road
Cerrallton, Texes 750068
RE: Convrete Chennel Lining

ffiduay Road, Addisen
Daear Myr. Sahm!

1 have received s Copy of a mtudy perfarmed by Tracy L. Ter- 11,
F.E., relating his findinge concerning the conditionm vhich ma have
cauged or contributed to the concraete channsl lining failure 3% the
referanced locabion, and praesenting poveelble solutions to wrevant
racurrence, The following iw my review of his study:

A= we heve diecusaed aariier, and as MNr. Terrill steied in hism
rapart, the damage wag cauged by water hypazsing an axisting wlorm
geuar pipe logeted cn &lrport proparty and flowing Soubh along the
Uawt proparty lina of ths airport, (alwo baing along your East
ppoperty line.? In describing the conditiens wvhich were previously
existing at that location, MHr. Terrill states i his veport that the
top o©f the bank *when bhe pipe was inetalled uvas e fgu feet lower?
than bthe deanign headvater alevation, "allewing water to flow overland
uwaat of the pipe.”

If this wew indesd thae cexe, 1t vag & =erlous svrror, eithay of
dasign or congtruction.

Hry Terrvill furthar states that the certainty of ow. « by the
design 25 yesy vear storm "did not crmeate & major problam' . snd  thab
ik largar Tlows for the 50 yeayr and 100 year das: o ztovms vould also

#@ "little damage”. Thie was cewrteinly o+ o=t bthe time of
conbruetion, betsusse the land te the Uest vas ..osveiopad; howaver,

tt-—would bacome moat emphatically falma fellowing developrant of the
land,

Az you may recall, at our Decenbey meesting at the City of
Addison, ity Bnglineer John Baumgartner stated that he was alse of the
spinion that the wast bank had besn left low a3t the Lime Ltha pipe was
instellad. When I Lold him that would have bean sither a design or
congtruction error, him explanation vam that it vam done with the
intention that 1t would be corracted wvhen tha adiacent properiy was
deavaloped. Howevaer, as you know, HNMr. Baumgartner not only dign’t
notify you of such & necessity when you began to develop vhe adlacent
property, but had previocusly inwimhed that the Fill dirt required for
devalopmant of the sdjacant proparty ke placed a minimum of thraee feet
te the Wemt of the property line, theraby preventing even t{he
pogsibillity of i1l being placed where it might provide any asaistance
in ecwerrecting the deficiency adjacent to the hexduall. Aleo, |
undarstand +that at npo time duvring the reviaw procesg nor during
conetruetion of the channel lining did he indiecate a need to correct

inadequate@ bank height on the slrport property.

8321 TOWERWCOD DR. o SUITE 100 « FARMERS BRANGH, TX 75234 » 214/247-1383 » FAX 214/247-2880
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Ag I pointed sub at aur meeting at the Clty, i1v .- R

to wonstruct a drainegs structure thst provides = oo

e M

Y-

will navar rain hard enough to flood it, Therefore, B
& drainege facility ovarflows, does not necesy vad
inadeguete demign, There are, however, certain s--- LGh
eriteria eatablishaed to provide protection from freoue- and
Yo achieve & cowt @ffaectiue balance batusen oot =7 . md

the cost of possible damage due to the probability o-

amonyg the most basic of thess design parameters i
the kbank of & dgreinagae channal must be at lsasmt ae higr
water surface, Otherwise, by definition, tha dewmign

It must be concluded, based on liv. Terrill’‘as reapo:.
Baungartner's statement, that the demage to the conerate ~
the direct result of an improperly conetructed drainags =t
vhather Lthe error wee one of design or of coamiruction, in
the respanzibility liesm with tha City of Addison.

Concerning correciion of the existing situation, in his rupors
Hr. Terrill presente tuo poazible methods of pravanting 8 ve-uyrence
af the preblem, neithar of which do ! feal would he aceaptabis to you

as  the ounar. Both optionm include relocating 5 portion ot the
drainage flow onto yeur property, and construeting « ©  zllel drainage
coursae on your proparty (linad channsl or storm =zeue: &) in  ordey
to relieve the existing plpe and box culvert log. on  eivgport
pPropariy.,

If the eximting pipe le adengustaly pized, thevs should be no need
to conzbruct & pargllel drainage facility (n order to relieve ibt, Ths
100 yesar design water surface, utilizing only the existing 72~inch
plipe, & indicatad by Mr. Tarrill se keing elevation B20.74. The
placemaent of fill around tha headwall to an aelevatien aexcezding that
height will effactively presvant recurrence, at a conmiderabla louer
cogt ond without reqguiring the losm of additionsl land. The fill
vould ba almost exclugively on airpoert property, but would regguira tha
renoval end replescement of the sirport boundary fenca. a1l fil11
should receive adequate aompaction sand be placed under tha direction
of 8 registerad f0ile anginesar.

If the City should feal that alavation 820.74 would be toe hkigh
to allow water to back up On sirport property, an altarnative sslution
would be to instel! a second etorm mewer pipe paraliasal o the axisting
?2-inch pipe, in ordar to loway the design backuwataer glevation. This
congbruction would take plsce on airport property, and weuld ke a mugh
shorbay dimtance than would be regquived by valocating tha flew onto
your proparty (approximatsly 6B fasal rvather that 400 faatd.

1 am anclosming & copy of Hr. Terrill’'s wtudy for your

information. 1¢ I may ba of any further assiastance in this matter,
please do not hesitate to call.

insesrely,
Q@M,/g

Robart L* Pearcwe, P.E,

FREOM Z14-257~2660C 01~13-88 12:4% PH PO
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Gre ‘r. Inc.
4100 Amon Carter Blvd., Suite 108
Fort Worth, Texas 761556

Greiner (817) S45-0891 aa

December 15, 1994
Y3024.62

Mr. John Baumgartner, P.E.
Director of Public Works
Town of Addison

P.O. Box 144

Addison, TX 75001

Reference: Addison Airport
Drainage Summary - West Side Outfall

Dear Mr. Baumgartner:

Enclosed is a copy of the Drainage Summary and some exhibits concerning the riprap failure and the
drainage in the area we discussed last week. Please review it and let us know if you need further
information for this area.

If any questions or need further information, please call.
Sincerely,

GREINER, INC.

Tracy L. Terrill, P.E.
Project Engineer
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Addison aAirport
Drainage Summary

West 8ide Outfall Riprap Failure
December 8, 1994

The area in question is on the west side of the airport from the
outfall of the double 7'x6’ RCB north to the end of the 72" RCP and
the area of riprap that was overturned in the open channel adjacent
to the storm drain outfall.

The land west of the airport property has been filled and raised
significantly within the last few years.

The riprap failure was probably caused by a high water level behind
the riprap that was not balanced by an egual water level in the
channel. This resulted in the riprap being overturned. In
addition, erosion has occurred along the fence line. Some fence
post foundations have been undermined and others are exposed to a
significant depth.

The water causing the damage is flowing around the 72" RCP running
north of the double 7/x6’ RCB along the west property line of the
airport.

This system was designed for a 25 year rainfall event. According
to the Design Engineer’s Report for the Runway and Taxiway Drainage
Improvements, the headwater elevation at the upstream end of the
pipe is 617.16 feet if the 25 year peak flow is confined to the
pipe. The ground elevation directly over the pipe is approximately
the same as the 25 year headwater. The existing elevation of the
ground at the fence line and on the adjacent property when the pipe
was installed was a few feet lower allowing water to flow overland
west of the pipe in the existing overflow area during high flow
periods. This did not create a major problem because the water had
a large area to flow through and therefore flowed at low velocity.
The larger flows for the 50 and 100 year events were similarly
spread over a large area with little damage.

When the land within this overflow area was filled, the area
available for flow was reduced resulting in higher headwaters and
velocities. 1In addition, the toe of the f£ill slope is very close
to the fence. This directs the flow along the fence line where
erosion damage is least tolerable. Also, when the riprap was
placed on the north bank of the open channel by the developer, no
provision was made to accommodate the flow from the existing
overflow area west of the pipe. As a result, the water from the
overflow area gathered behind the riprap and pushed it over.

The problem may be solved by removing the £ill in the area adjacent
to the fence to allow the water to flow as it did previously with
an outfall built to direct the water into the open channel.
Another alternative is to add another pipe from the headwall to the
open channel. In either case the outfall at the open channel
should be designed to direct the flow in the same direction as the



normal flow in the channel or the opposite bank improved to protect
against erosion.
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Greiner, Inc.

4100 Amon Caorter Bivd., Suite 1080
Fort Weorth, Texaz 76158

Greiner FAX. 817) 8450534

U

December 15 2?94

Y8024.62 Postit”FaxNote 7671 o) ¢ oy Inage« 3
To -
Mr. John Baumgartner, P.E. cgfg‘:i*? gﬁfft@ﬂfaff ner |7 Cacy Territf
Director of Public Works " o
Town of Addison Frong #
P.O. Box 144 Fax & Fax #
Addison, TX 75001
Reference; Addison Azrport o

Drainage Summary - West Side Outfall

Dear Mr. Dawmgartners:

Enciosed is a copy of the Drainage Summary and some exhibits concemning the riprap failure and the
drainage in the area we discussed last week. Please review it and let us know i you need further
information for this area.

If any questions ot need further information, please call,

Sincerely,

GREINER, INC.

Tracy L. Terrill, P.E.
Project Engineer
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Addison Airport
brainage Summary

West Side outfall Riprap Failure
becember %, 1894

The area in gquestion is on the west side of the airport from the
cutfall of the double 77%67 RCB north to the end of the 72" RCP and
the area of riprap that was overturned in the open channel adjacent
to the storm drain outfall.

The land west of the airport property has been filled and raised
significantly within the last few years.

The riprap failure was probably caused by a high water level behind
the riprap that was not balanced by an equal water level in the
channel. This resulted in the riprap being overturned. In
addition, ereosion has occurred along the fence line. Some fence
post foundations have been undermined and others are exposed to a
significant depth.

The water causing the damage is flowing around the 72" RCP running

north of the double 7/x6/ RCB along the west property line of the
airport.

This system was designed for a 25 year rainfall event. According
to the Dezign Engineer’s Report for the Runway and Taxiway Drainage
Improvements, the headwater elevation at the upstream end of the
pipae is 617.16 feet if the 25 year peak flow is confined to the
pipa, The ground elevation directly over the pipe is approximately
the same as the 25 year headwater. The existing elevation of the
ground at the fence line and on the adjacent property when the pipe
was installed was a few feet lower allowing water to flow overland
west of the pipe in the existing overflow area during high flow
periods. This did not create a major problem because the water had
a large area to flow through and therefore flowed at low velocity.
The larger flows for the 50 and 100 year events were similarly
spread over a large area with little damage.

When the land within this overflow area was filled, the area
available for flow was reducad resulting in higher hea&waters and
velocities. In addition, the toe of the f£fill slope is very close
to the fence. Thms directs the flow along the fence line where
erosion damage is least tolerable. Alro, when the riprap was
placed on the north bank ¢f the open channel by the developer, no
provision was made to aczcomm:rdate the flow from the existing
ovarflow area west of the pipe. As a result, the water from the
overflow area gathered behind the riprap and pﬂﬁhed it over.

The problem may be solved by removing the fill in the area adjacent
to the fence to allow the water to flow as it did previously with
an outfall built to direct the water into the open channel.
Another alternative is to add another pipe from the headwall to the
open chamel. In either case the autfali at the open channel
should be designed to direct the flow in the same direction as the
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normal flow in the channel or the opposite bank improved to protect
against erosion.
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i &D AAAAA AAAAAA D ISON FIRE DEPARTMENRT (214} 450-7200 FAX (214) 450-7208

TRRERS Post Office Box 144 Addison, Texas 75061 4798 Airport Parkwey

MEMORANDUM

October 31, 1994

TO: Ron Whitehead, City Manage,
FROM: Bob Wallingford, Fire Chief
SUBJECT:  Progress Report - Maxi-Lift Inc. Project (Vic Sahm)

Attached herewith please find a copy of a letier received from Carter Burgess.  If you'll recall, this was the architect
appointed by Mr. Sahm to interpret the fire code as it pertained to the proposed structure on north Midway Road. |
beheve the letter is self-explanatory and 1s an acceptable compromise from the original proposal.

All parties were present at the meeting on October 10, 1994 and it should be noted that we still do not have a definite
action plan from Mr. Sahm. John Baumgartmer and myself both feel comfortable with the response from Carter
Burgess and are awaiting further commuunication from Mr, Sahm,

If 1 can provide you with additional information on this item, please do not hesitate to contact me.

REW/le
Attachment (1)
ce: John Baumgartner, City Engineer
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4ms Carter:Burgess

Consultants in Enginecring, Architecture,
Planning ond the Eavironment

QOcicher 24, 1904

Mr. Vic Sahm
Mad-Lift, Inc.
P.O. Box 518
Catrolton, TX 780110244

Reference:  Manufacturing/Warehouss Facliity
Addison, Texas

Dear Mr. Sahm:

This letfter is intended 1o outling the discussion held at the City of Addison on October
10, 1884, The concemn oullined by Chie! Wallingford was based on the lack of a
definitive action plan.

In our meeting we triad to investigate the different options necessary o move this
project closer t0 a resolution. Based on this mesting it was decided that:

1. it was not clear whether an ESFR sprinkler system would be acceptable for
protection of this commaodity.

2, Grinnell was going to investigate the storage arangement to determine  this
is appropriate. H this system Is acceptable, the draft curtaing would not be
required.

3. The Fire Chisf is willing to accept a mechanical smoke exhaust/comfort
venting system in lieu of smoke and heat venis. The system would require a
fire department control station 1o operate the fans.

4, The areas where high piled storage did not occur would have smoke venting
as dictated by Article 32 of the building code. The storage areas with high
piled storage would have smoke venting per Adicle 81 of the fire code.

5. Based on the discussions, the building would be separated into 4 areas by fire
walls. The ratings of the walis would be determined by the building official.
Non-storage areas under 50,000 sq, ft, would need no smoke venting. The
areas over 50,000 sq. ft. would need smoke venting per the building code at a
ratio of 1:100.
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,411?. Vic Sahm
’/October 24, 1994

&. The areas with high piled storage would need smoke and heat vents at a ratio
of 1:78 as determined by the fire departmant. Drap out venis were not
acceptable to the firs department. Discussion with the fire departmaent

¥ indicated that the code required 300 ofm per sq. ft. of smoke vert. This
amount could be reduced if an engineered emoke venting report wes
performed, However, the total CFM could not be reduced to below 180,000
ot per storage area. These fans could be used as a combination
comfort/smoke venting system.

7. Chief Wallingiord determined that the tans would have to be high temperature
rated and protected according to Article B1 of the fire code,

I you have any questions please fee! free to give me a call at (817) 7235-8011.
Sincerely,

CARTER & BURGESS, INC.

David J. Zxkha;t P.E.
Fira Pratection Engineesr

0JB
94157000.L01

cc:  Correspondence
Chief Wallingford - City of Addison
John Bumgarner - City of Addison
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FIRE DEPARTMENT {214) 450-7200 PAX (214) 450-7208
Post Office Box 144 Addison, Texns 75001 ) 4798 Airport Packway

August 23, 1994

Mr. Vic Sahm
Maxi-Lift Inc.
e 1223 Crow]ey Drive - e e ce e e
- Carrollton, Texas
15006

Dear Mr. Sahm:

i
Further to your meeting of August 19, 1994 vwath Chief Wallingford, please be advised that the
Prevention Division was instructed to further research the smoke and heat vent requirements and
ESFR sprinlder systems.

The information was complied and upon further review, the Fire E)epartment s ;}osmon on this
issue remains unchanged.

We would certainly welcome your business to Addison but you should understand that the
construction of the building must comply with Article 81 of the Uniform Fire Code 1991 and in
principle, the installation of smoke and heat vents as stated by the code.

The Fire Prevention Division has found nothing to support your request for the waiver and
elimination of this requirement but has, in fact, found substantial documentation to contradict
your proposal.

Please note that at this time, the water line supplying the required fire hydrants {a minimum of six
{6)} will have to remain as a looped system.

However, should you supply this office with proper documentation from a certified, registered
engineering firm that states the water flow from a "dead end line", non-looped system, is suffictent
to supply an ESFR sprinkler system and support fire fighting efforts, this office would then
consider an alternative method. This would require a submittal of hydraulic caiculations and
drawings on the ESFR sprinkler system and related fire pump capacity.

.. 2fcontinued



Mr., Vic Sahm
. Maxi-Lift Inc.
" Carrollton, Texas
August 23, 1994

Page2 of 2

Also, please be advised of a further requirement which will be necessary for your company to

comply with. The Uniform Fire Code, Article 81, Section 81.103, mandates that any building

used for high-piled combustible storage is required to have a permit issued by the Fire Prevention
——-Division. -A representative of your company will need to make application for this permit “after all

other Fire Department requirements are met. :

Please do not hesitate to contact my office, should you have any questions, comments or concerns
regarding this matter.

Yours sincerely

im Stephens
Fire Prevention Officer
ADDISON FIRE DEPARTMENT

JGS/le

cc: Bob Wallingford, Fire Chief
Lynn Chandler, Building Official
Carmen Moran, City Secretary
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ADDISON EDR
CCTV & AUDIO
DESIGN

Security Consulting Groui

CH GUERNSEY & COMPANY
Engineers, Architects & Consultants
AGUIRRE Okichoma City, Okiohoma
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