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CEILING-ONLY DRY SPRINKEER SYSTEMSAND
METHODE FOR ADDRESSING A STORAGE OCCUPANCY FIRE

Prigrity Degr-gnd Invorparation By Reference

HHUE “Fhis nplitativn olalmé the benefit of priveily to the folfowing: (7Y U, Brovislonal
Patont-Application Mo, 60/728,734, Hled Oetobyr 23, 2005 (1) U8, Provisional Patent Application.
MNo. 6U/818,312, filed on July 5, 2006 (B U. & Provigional Patent Application: o, 607744,644,
filed am Febroary 31, 2006, cach of wiiloh-are incorporsted by reference in their endfrety, Purther
incorporated horein in theirentirety by roference are e following: &) P nternational Patent
Application filed on Det, 3, 2006 entitted, “Systervand Method For Evatuation of Fluid Plow ina
§*§§§§.qg System,™ Having Dockst Mumber $-FB-00091 WC (73434029 W) twhich claims, piiciity v
iy U8, Providionsl Patony Applicetion §07723:407 Hled on October 3,.2005; {iii) U5, Patent
Applcation No, 1/942,817 filed September- 17, 2004, poblished as U.%. Patens Publicaiion No..
200510716242, and entitled "System and Method For Bvaluation-of Pluid Flow o w. Piping System;"
(i) Tyeo. Fire & Ruilding Prods., “SPRINKFDT™ SPRINKCALCT: SneinkCAL Studio User
Manudl” (Sept 200675 () Underveriters Laboratories, fue; Hhereinatier “UILY), “Fire Perfordgiante
Hvalwation of Dty-pipt Sprinkler Systems fort Proteetion vf Class I, Wl asd Grorp A Plastic
Commodities Using ¥-16.8 Sprinkder; "}.‘iaéimica} Repore Utiderwiiiers Lebopaories Tie. Prodoog
OENKNS814, BX499T for Tyeo Fire & Building Products §6-02-2006,” {2006%, (i) Tysa Fire &
Building Prods., Techrdcal Data Sheet: TEPIT0, “Cuell™ Sysiems: Preaciion.and Dry Alfernafives
For Blimivating In-Reck Sprinklers™ (Aug, 2006 Rev. A); (v The Nationat Hire Projection
Associathon (NFPA), NFPA-T2 Standard for e Insrallation:of Rprinkler Sgsems {2002 0d.§
{heveinafter "NEPA-13% and {Vill) NFPA, NFPA-13 Standard for the nsrdlatiat of Spriutler

Systemy (2007 ed.). K should be vnderstood that oneof ordinary skill éan earvelats the eitdtivhs
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from NEPA1R W corresponding tables in the 2007 edition of NFPA-13 Stidird for ik Ingratintion

of Spvinicher Systtms,
Techiies? Fiald
10892]

Ty tnvention relates genvrally jodiy sprinkler fire protection gysteing dnd he
inethotl ¥ their desigh dnd fogtallation. Maore sgicifically, the-presénl fnvention frovites a-dry
sprinkier sysiem, suifable for the protection of storags occupaneies, whish nses| serround and
diown efféol fo.adlress a'five eveny. The present ventionds farther directed to the mefhod of
designing and jastaliing sack systeras,

Buckgroand af the Tnventioy

{083} Dy ;sp;:in_}:},érr- systems are well-Jnows In the art. A dry-sprinkler svstem includosa
sprinkler.grid having a plurality of'sprinkler heads. The sprinkier.grid fs connected via fluid flow
lines eoniaining sir or other gas, TheThad flow lines.are coupled &.a prisiary. watdy supply valve |
which var dneude, Tor example, an aivdo-water saitiovalviy deluge valve or préaition valve sy s
hatbvert Huthe s, '-*.i"ha,&gri~:§'§a§m* Weads tepieally inchide norrally elosed tomprrature-rospongive
valves, Thi notally closed vabves of thesprinkler lisads open when sufficlently heated or
trigpered by & thorivial sGurce Sioh gs.3 fre. The operispiinkicrhead, alone or In combination with
a.snoke or HyeInddicator, sauses the odmary water s;;;#piy valve to open, thereby allowing the
sepvice weler forflow oo the Huld How Hoes of the dry pipe sprinkler gid {displecing the air

iheremy, and frongh the open sprinklerhead to comtrl the five, teduce the unoke sotirce, sad/or

“puininize oy damags thersfrém, Witer flowy theough-the systen and Gut the dpen sprinkler head

antoitationlly reseiting, oF sl the watet supply 7t turmed off,
19884} In contrast; @ wet pipe Spiinkler system hag fuid fow lhes that sre pre-illed with

v, The witer s retyined in the sprinkler geid by fhe valves i thesprinklerheads. As soonasa
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shrirkler Head vpens, the Waier W the sprinlder g immddiately Hows out of the spuinkder head, Inr
addivion, ihe primsry water valve I the wet spriskler systom Jethe muain shut:offvalve, whichisin
the n_ﬂ,rnzaﬁy apen glate,

HHRY There arg :ihrgﬁ-t;f?gsj.f;'f ’,civqy spﬁﬂki.&:;-systlamsrﬁ}zii gomnin air oy 28 4% Qppa,swsi to
water o1 other fluld. These dry systems inetude: dry pipe, preaction; and deluge systems, A-dry
plpe systenyincludes fiwid fow pipss:whith ate dharged with ait-under prosiire.and when the dry
pipe systens deteots hoat frota s fire, the sprinkies bends opes resnliing in'a devreate Trait preseare,
The resuliant doorease in alt frossure activates the water supply source and allows watef to enfet the
piping system apsd exit throved the spiinkler heads,

Ha06] Tn a deluge system, the Tuid flow pipesremain Feeof water, employs sprinkler
ands that rﬁmaizx'ixgen,.;;r.zti utilizes precmatie or elecirieal deteators. 1o detoct an indication.of fire
such as, for example; smoke ot heat. Thenewwork of pipevin a.deluge systom vsually do not

cémisin supdrvisory gt But will instesd contairt air &t dlmdspheric prossure. Duoi the pretunatic'or

elcical dolecting detect hodl, the-svater supply sourte provides water to the plpes and sprikley

hwads, A E;ﬁemibﬁ gystegm has pipes thél are Hee of walgr, emplovs sprinkler heads dhel remain
closed, has supérvisory alr, and wiilizes poeumatic-or electrical dotectors to-detect an ndication of
five such gy, foresagmple, heat oy smoke. Only when the system detests 2 five 3a water tntrodueed
fntp the otherwise divy notwork-of pipes-and sprinkior heads.

10087 When a by pipe guinkler systom goss "wet® (e, 1o cause the primary water supply
valve 1o tipen and slow the water to il the Suid-flow sugply lines), a spiitkies head opeiss, the.
pressufe Hifferonce Hitwiay the alf prossind in e fdd fow Huss aiid the Water supply.piessuse on
the wet sideof (e prishary watpr supply valveor dry, pipe sirto-water yatlo valve reaches o specilic
hydralin/poenmatic imbalance t open up the valve and releage the waler supply futo the netwark

of pipes, It may take up to 128 seconds o veach thisstate, depending upon the veluens of the entire
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spfinkier sysfom, Watet supply and dir préssure. The larger the water supply, thedadger the ajy

Supdly i needed fo. old the siv-lo-whder tafio valve closed. Movgover, the systers Is large andfor

ifthe systemcis charged lo atyploal prossute sachas 40:psig, a congiderable yolume o afr st
sspape or be expelied Som the openspfinkler head kefore the Qpa‘r:;iﬁﬁl}i:jf&?aiéi:iﬁ? fnbalaiice is
reached 1o open thy primary waler valve. The vatet supply travels through thie pipirg grid
displating the pressurizbd gas fo finally discharge 'tha‘eugﬁ,j; the open. spifnkler.

18608} The travel fiaeof beth the-sscaping, 8i¢ sod the fluid stpply trougly the network

provides:for s Suld dellvery delay iy dey spriskier sygieins thiaf ks not presentin et sprinklsr

‘gystems, Cumently, there exists an industry-wide belief that fndry sprinklersystens ftis best {o

yindatine or i possible, avoid finid delivery delay. "This belief bas Ted toran industry-wide

pereeption that dry spﬁﬂkim-systms ‘are inferfor to wet systemis. Current fndustty geospled design
siandards atterapt 1 sddress of sxiiaize the fmpact of the fuid delivery delay by placing s it on
the smoimt of delay thet o be it the systetn. For'katipile, NFPA-13, at Sevions 7 and 13 that e
Weder faust b deliversd S the phimery Watse controlvalve o discharge out of the sprinkder head,
o operating pressare In under sixty secbnds and et specifically under Torty seeonds. o promote
the rapid-delivery of wates o dry sprinklersystems, Section 7 of the NFPA-13 Ruther-provides that,
for dry sptinitier systems haviog system valumes batween 300 and 730 gations, the discharge fme-
timit oo be avolited provided the: system includes quick-opening devicss such as docelesatars,
Ton0g) | The NFRA standirds provide other various dés{gu oEiterdy for both wet and dry
sprinkier systoms wsed it storage dooupaiicies.. Inchaded i NFFA-13 are sﬁéﬁéﬁy#arm gurvessnd
density-aren folnts st defing the reguisite discharge flow tats of thesstein ovei s given desigh
aden, A demsity-area curve orpoint conbespenified oy mited in system desipn for protection pfa
giventype of commodity classified by class orby-groups. as set ¥orth In NFRATI - Seofipns 5.6.3.

and 5.6.3, Forexample, NFPA-13 provides criteria-for fhe following commodity classes: Class 1
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Elady 1 Clags 11T and Class TV, Toadditdos, NEPA:13 providss criteris Tor the Tollowing wroups to
defiie {he proupsof plusties, elastomers o1 tubbers as Group A; Group B; and Group £,

R WEES-13 provides for additiona] provisions Snuthedesign of dry. prodeetion systoms
woed for profecting stored-commiodities. For example, NFPA requsives that the design aven for 4 dry
sprinklersysiern be fnorease in size s compared to & wet systems for protection of the vamesos or
spave. Bpeciiically, NFPA-13 - Seetion 12.1.6.1 provides thut the afeaof sprinkler opetation, the
ées’ég;i afedy; for 3 dey Systens shall be invitided by 30 petcent {without revising The density} os
sompated foan dguitvaling wel systemn. Thig incredse by Spriukler operational areg exlablishes a
"péhalty” for desiguing  dry System; ageie reflesting an indusiry belief that dry speinkler sysloms
ave inferiorto wet, |

LR For protection of some storage commoditics, NFPA-L3 provides design sriteria for
peffitig-only sprinkier systems in which the design “penalty™ is greater than thivty percers. For

sistmple, coftath formy of rick storage requird 5.y celltig sprivkler systeny to be Supplemented or

supported by inack sprinkiers as-ar8 known v theart, A problem with the iy-rack sprinklers &

st they may be diffioult 10 waintain dnd are subjéd to damage from forklifts 6F the movenient of

soraie palleis. NFPA-13 does provide in NFBA-13 - Section 12.3.3.1.5 Figure 12.3,3.1.5¢0), Note

4, standards for profection of Gronp A plasfies using a dry ceiling-only systen baving appropriately

listed K-16.8 spéinklers for cetligs vt excrading 36 4. fn height "The design orfteria R cofling
only storge-wet sprinkler systen #5-0.8 gpw/R? per 2000 #F, However, NFPA addsian sddidonal
vonutty for dry aysy bnl-'-cei§i1§g~ﬁiaiiy spinkler gysteins by incieastug the design eritetia 10 0.8 gpmiff
per 4500 1%, Tl incressed arcirdquinement fsa 125% density Penalty over the wetsyster desian

orferid: Ay noled. e desinn pesaltes of NFBASY ati believed fo be provided fo compensate for

fhe Toherers haid delivery delay i o dry sprinkier system Following theema! sprinkler activation,
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and ofherwise reguire: in-rack spefikiers,

100124 Tn somplying with the thitly percent design aven fnersase and other “pesalties”, five
profevtion sysigm engineces and dedignery ate-foroed to-anticipate the aetivation of tnore sprinkisns
smicd vhnes perhaps provide for Targor piping 1 carty migte water, Jarger prmpy fo.opedy protsusize
the systerm, and Tangby tanks fo maki-ug for water derand fiot satisfied by the nrumicipal witer
Supply, §3as§5itfaf=f§i§§ apparent sconvinic degipl sdveitagy of Wit §Pstems over dry Systems, ootiain
Stordfie eonfigrations prohibil théuse ofwet gystiems ormnke them ofhierwise fmpractival, Uy
spiakler systems are typically-employed for the purpose of providiag automatic spripkler protection
iy unheated oecupaneies nod sirustures thal may be exposed to freezding femperatares. For example;
in wargheusos usinghigh rack storage, 1.6: 25 . high.storage bencath & 30 £, bigh eiling, such
warehionises may beunhemed sud theretors siiscepﬁfﬁe:“ﬁx.fm;&?jng‘e‘an@fﬁ.fazis wralidng ot sprinkier
systerns undesivalle. i?mfﬁﬁaf:smmgﬁ;';:ﬁes;‘eniﬁ'-’éaﬂaﬁiar ‘sivvifolmint thed capnotgtiize Wel syitems
Bocanses water invthe wipihg of the: fre proteeiion wysiem located in the Deessy systen would frepze.
{ing seution fodhe piwi?iaﬁz'thai hag been developed is 1o use sprivklers in combination with
antiffeexe. Howeves, the nse of antifrecrs cany raise other fesues suchras, for example, coreosion and
Teakage inthe piping system, fry addivion, the high viscoskty-of slifraese may veqiin Incrensed
piping size. Moreover, propylene glycol (PG antiffesse bas hoen shows not o have the Sre-

Highting characleristios of water aud fo sbme instances b been luiown 1o momentaily accelorsie

B growwth,

19813 Genwfally, deysprinkior SyStonts for atfiage cocupinciesave configured for fire
control in 'which & Hfye Is lUmiled in size by the digiributhon off water from oug or more thennally
sctvated sprinkler Jocated abeve the firn to detrense the beat relense vty and proawet adjacent

conthustibles-while controlling ceiling gss lemperatures io avold stractorsl dumage. Howgver, with
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i amoide of addressing a-fire, ot gases may be entratned or raintsivied f7ths Eiling area sbove
the fire and allowey t nligrale redinlly, This may fesul in ddditiondl spinddeis beitp notivaied
rernotify from the Hrgand thus aot npaet the Hredireetly, Tn addition, the discharge of gl from
dglven spetnkler can resill in the hupingement of wider droplets gnd/or the build up of condensation
of water yapor on adiaeent angd unaciuated sprinilers. The resubiant effect ofunsetuated sprinkiers
Interlispersed belwosn. actuated ‘sprinklers i known as sprinkler skipping. Onedelinition of
sprinkiet s’iri}}pa‘ﬁg;:is’-ﬁm “shificai v ttvegular gprinkler vperaing sequdice When coinpared 1o the,
supreted sequence-dotated birthievetiing fow behiivior, assuming wo sprigider systern
reRlfurielicis™ See PAUL A CHOCE B AL, 2k Inbestigdtion of the Cendative Mechgnitm of

| Speinkder Skipving, 155, FIRE PrOT. BNGR. 107, 107 tMay 2005). Tue. fo,the defustiint of additional
remote, sprinkless, curront desipn axiteripmay require enlarged piping, and thus, the volome of water
discharge fngo the storage aveamay, be lasger than is adequately necessary to address the fire.
Soreover, because Hre-sontrol marely rotuess hsat rele&sc.'x‘a'éa,.ﬁ?m‘gﬂ number ofsprivkies may be,
sotivatsd by response tothe e dn order-toamaintain the heatvelease rate reduction,

014]  Dospie the avdilability of immoifiate fluid detivery from eack sprintderin g wet
soridkict gystom, wet sprinkler sysfoms dan also expérierve sprinkier skipping, Hovever; wet'
sprinkler systoms oan e obnfiguted for fire suppredsion which sharply reduces the heat relosies rate
of g five and provents i regowth by meang ol dirget and sufficient applicationof water Hheough, {he.
Frg phume ie}'ﬁ:mrbm';ﬁgg fael sarface. Forexample, a wet system ean be coarfipured torusy eamly
suppression fast-response (BSFR} Spiinkdors. Theuse of ESPR sprinklers is genenally not avaiiable
in dey-gpeinklers. systerns, 16 do so.would require & specifie listing for the sprinkieras is required
undir Section 8.4.6.3 o NEPA-13: Thusyto configure a dry speinkler syslens for five suppression
ey refidrb overeoming the ddditional pevalty ofa specific listing Tor dn BESER sprinkler,

Mozreover, fo hydraulically configure a dry dysteny for suppreSsitn may reguife adeguately sived
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' ‘plying and Yumes whos costs uay prove stohomically probibitiv as these deslps Sonstriints vlay-

viguie hydipulibally siging the systesiboyond thedeémands diready hnposed by the design
“enaliies.”

03183 T fle fosts were condusted to determing the shility ofh teestypedey pipeor
double-ntertavk-proaction system employing ceiling-only Large Dirop-sprikders 1o provide
dleguate Tirs protection for reek storage o Class 1T commiodiey at.a morage Height of dity-four faot.
{34 1) enouth » coiting bavidig & ovilkig Beight of forty fet. Ohie-fivetest showed thar fhe sysfein,
priploving w iy seeond (30-w0e.) br loss witter delay time, conld provide adeguate fise-gutl
with:a dischatge viler pressireof 55 pal. However, i addiion to-the high operating pressure of 85
pst., such & spstem requived u total of bwenty-five (29} sprinkler aperations actuated wyer.a yeventeen,
miingte portod.. The second Sealest erployed & sikty-second {60 see.] water delay time, however
sueh a delay tae proved to be too Tong as the fire'developed 1o wuch a sevedly thet adequate fire
eontrol séulid not b schieved, T theserond fire el sovenly-ine-{71 yoprinklers opitated resy litng:
th a Mekinnen discharge pradsute of 37 psi. and thys, the target biossure of 75 bst, conld ot by,
adtaiged. The festeand Higlr resolls ape deseribed in Factory Mutual Research Technical Repovtr
FRRO 11 O70REBR NG entitled, “Dry Pipe Sprinkler Protection of Ragk Stored Class I
{ia;ammsﬁé%ss In 40Ty, High Buildings,” proparpd for Amerientd Comp. and p?;ibi_'tshﬂd Fune 1995,
i ran attempt to understand and prediot:fire behavior, The National Institste of
Standardsend Technology (NIST) bas developed o software: program tntiled Fire Dynamics
Shrtultor ‘{ﬁi}:‘i}, cureently available from the NIST websits, Internet<URL: hﬁp:.%’ﬁ:-‘e.;ﬁist.g{:‘m!iﬁsf,
that moduls the solution of fite driven flows, Le, fire growth, including but not Hmited © flow
velngity, emperature, sinoke density and headt release rate. These varjablos ave farther veed n'the

FUIS fo snodel sprinkler ghstom responseio.a i,
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N I eany B tived 1o ot Sprinkler aotivition o opefstion of ¢ dry sprinkler Sysfein,
i tlza vrasenee of i growing fie for a stored commodily,. One pattienar stody bas been conducied
sonmoditesand avange-of storage heights, ceiling heights and sprinklor instatiation ovafions. The.
findings and sonclusions ofithe siudy are discussed Hra toport by David LeBlancof Tyee Fite
Products RED entitled, Dy Pipe Sprinkier Spstems - Ieut of Geonitetric Parimiters on Espector
Neweher of Sprinkler Opieranion (30023 (heveitiafier "FIIS Study") which is-ingorpotated 1 Hs
antiraly by roférinies,

Lk The FDS Biudy evaluated predictive.models for doy sprinkler systerss gmi,/‘e&%iag.
stomgge asrays of Group A and Class I commodities. The FDS Study generated 2 mc;s{iﬁf That
smudated five growih and spinlder activation response. The stady further verified the vaiiéii;y aff

the peedictivn’by somparing dhie stmalated resylis with detual sxperimental tests. As deseribed dn

the FD& siudy, theFDS sinulations can goneraie protlictive héat veléase profiles for a given stored
commobdity, storuge confligiviation aud cosmrmodity height shigwing in parfticular the changs in heal
relbise gver S and other pardnisters siiel as téinpedature and velocity within the computativinal
doinait fof an-area-such as, for-example, an aree vearthe peiling, In aiidition, the FDS simudations
e providesprinkier selivation profifes for the simudated sprskier notwork modeled shove fe
eommadity shawing fo }?agzﬁa;uiw the predicted location and time-of sprinkler activation;
Discloswre nf fiventivh

i An iunovativesprinklersyston 4 provided toaddrass Hreg in a mamner which s
hevetofors nnkaown, Moze specifically, the preferred sprinkler systenyis a non-wet, preferably-dry
plpe anck mpome praforably dey proaction sprinfier system aanﬁgmﬁﬁf {o.address afive cventwith
siwinkler oparaiohal avea sufficient jn size to-serrounid and drown the fire. Therpreferrd

Gpbrativnsl areas is preforably: gﬁn‘em@a&.ﬁx}" dctivating vhe 6 fmiote indtial sprinkloes; delaying uid
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Tow fortheinitial activated sprinklsis for adefined delay pesiod to permit the thermud acfivation of
subsequent one.ox mors sprinklers soas ip fon the: preferred 'spﬁ.ﬁiéieg operationsl area, The
sprivklers of the operationdl arca are preferably configured so as'mjarmfide he sufficient floid
volomeand coofing to address the firesovent na surrourd and drown Pashion. Move ;;m%”e‘rai@i;;r, the
sprinklers ave confignted sb. a5 toHave. # K-factor of shout eleven {11} o greater and éven muots
préforably o K-factor of sbout sevehtoen (175 The defi ned delay peiod i af 3 definid peripd
having & mepdmaon ad e feinjoann. By suroimding and drowning the firs ey, the firels
effsctively overahelned and sobducd such that the heat xsledse from the fre pvend is capidly
veduped. Thesprinkier systern ihﬁwiaraaiv adapied Tor fire protestion ofistorge commodiies gud
provides a ceiling only systum that eliminafes or.otherwise minimizes the evonoimit disadvantiges
and design penaliies.of currentdry sprinkder system design. The _;}f&i’weé speikier systenr does 5o
by miihimizing the overadl Bydrantic demand of the'system,

6243 Maige' spicifically, the hvdranlic dowign avea foi the piefetred céiling-dnly sprinkles
sysienoan be configured svwlier tha hydualic desian sreas for dry sprinkder systoms 48 spogified
wnder NFPA-1S, thae oliminating w Isagt ons-dry sprinkies-design “penatty.™ Mo pm}*asam;g the
sprinklor systems van by designed-and configured with o hydeaulic design areas st least equsl jo e
sprinkder operstional design arcas for wet pipingsystens currontly specitied under NFPAAS, The
hydezalie destgnaren preferably defines an aren for system performance throvgh-which the sprivkier
aystent proforably provides o dusired or predetetinined How chamiteristio,

0824 For exupiple; he desitn dred caxt defing the vl theeiigh which a peferred diy ips
sprinkder system must provids g speeified water or fluid dis‘s,alvga;‘gg::;.frmsi{}a Agcordingly, the
praférned design avew delines desipn. orlieria for dry pipe sprinkder systems-around witich.a desig
methodology iy providet!. Becanse the design areacan provide for nsystem desipn parameter at

least pyuivalent to that of & wet system, the design.aven cuttavoid the over sizing of syafem
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sovipénents thavds belioved 1 vedu in'the desig and tongtactiot of curtent dry pipe-sprinkler
systems. A prefered speinider:systém {hat uiilizes 8 fedueed hydravlic desigh aroh can fncorporate
ssnaller pipes or pumplag corpanents as compared {o eurent dry sprinklorsystoms protecting a
stmilaly configured storage coenpanty; fhershy potentially realiziug seonomivsavings. Moreover,
{he preferved design methodology Incomorating &' preferred hydrantic design arga und 4 systems.
conitruciedin aecordancs with iz proformed methodslopy,-ean desnonsirite that dry. pipe five
profettion systefhs dan be ‘riesig;w& wod tnstalled without .§ifce>:’*g:i¢1faﬁmi of the dedign peoalties,
prévipnsly percdived o8 g necessity, tndsr NFPA-T3. Accordingly, spplicant asgerts that the
néed for venditieyin designing dry pipe systems has been eliminated orotherwise grently
migiinized.

032) “Tominimize the hydeanlic demand of the sprinkler systern, a mintmized sprinkler

oparaticnsl sres effective toroverwhelny and subdue is smployed to respond to o fisegrowdh in the

‘storagpeares, Tontinimize the muhber of sprinlder activations in résponse 1o the Bie powih; the

sg}réﬁiéiier syktem ernpliys amandaiory fuld delivery delay perfod which delayd Huidor weted
sdiseharge fom cndor tubre initial thermally activated sprinklers 0 allow for e fre tn grow and

thermally actival: the mintnwun munber of spriniders Yo form the preforeed sprinkler operafional

acea effbotive to swround and drown the Fire with o fluld discharge that overwhelms snd subdues

Beocausp thenumber of activated sprinklers s preferably mintmized in response to the: fie, the

disoharge water volune may also be xeinimized so-us to avoid umeosssary water dischayge info the

storage aren. The preferred sprinkder oberdtionsl avbe van futhor overwhelm aid subdue.a fire

giowih by minimizing the sidoutt of sprinkite skipping and thereby oncositdte the actuated

sprinkiers W angren Hninediste or © the fotts.of The fiw flume, More preforably, the amount of

sqrinkder skipping In e dy sprinkler system may be coraparsiively foss than the amoynt of

sprimider shipping fn the wet sysiem,
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[6i3] A prefuired enibediment of o ¢hiling-only Sy Spriskler systim Orprotattion of &/
storage sovapaney And sommodity includes piping netivork having a wet pertion aad  dry portion
conneoted o the .Wai::.gmi&m, “The dey pottion is proferabidy gonfigured fo respond to afire withiat
loasta Sixsi;.;fmiva\;adf-sprirgif}ﬁr to initiate dfivery of uid from the wet portion fo the ot Teast oue
thesmallyactivated sprinkler, The systens feterinclodes s mandatory futd defivery deliy pecod
soufigared i ditay dischurge froby the st leagtifirst activated $priniler such that the fine growws o
thormsilly activate ot Jeasta second sprinkier i the dry porfion. Frdd distharge fom fe Seitand at
feustsecond sprinkler defindy o Sprinkler operational sree sufficient fo soround dnd drvws & fire
eviat Tnanother prefersd smbodiment, the Sist activated spritkier preferably includes more than
one tnitially aciivated sprinkler to jniliate the fluid delivery,

o4y To another preférred embodiment of The ceiling-only dry sprinkler sysiem, theusysten.
Tochudes a privoary water sontrol valve and the dry portion ineludles af least one hydiatlically remote
sprinkier and ot loast.oné hydraufisally olode sprinkler sélative 1o e primady water contiol valve,
Thie systen s farther prefefably sonfigared steh’thal fuid delivery to the hydraulically remote
sprinlder defingy the itdmum fhuid deliver delay period for the system and fluid delivery to ihe
Tydmilicadly dose sprinkler defines the mintium Fluid delivery delay period Tor thegyslem, The

sutimum Hid delfvory delay period is preferably-configured so a3 wr pernit the-dhermal activation

-of a first plurality of sprivkiers soas to form a maximun sprinkler operaiions? wres 1o sddress.a fire

eventwith & strround and drow efbes. The minkinum fuld delivery ﬁe'!&y period i predfonbly

. r - a - ar .'.‘.u E) .~ - - : : L Lo :~~-‘ FEIE PR L Y ’
configured 5048 to peimitthe thetmal activation of a'second pluralify of sprinkiers so a8 'to foraba

suindmern sprivkler operatiofal aren sufficiont to dddress b fire event with asursound and diown

effent,
{0025} T one aspect of the ceiling-only dry sprinkler system, the systern s vontigured such.

that all the aplivated sprinkierstn response 1o g five growth.ars setvated within » predetermined
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tims perdod. Morespecifically, the sptinkler syisterny is configured suck that thé last dettvated
‘speinkler ofcuds within le minotes following the Hrst thernial sprinklér activation in the §¥sten,
NMose proferably, the Jast sprinlderis activated within-elght minutes snd more prafesably, the last
aprinkler is activated within Bve minates of the frst sprinkler acfivation in the sysfens

0h261 Angther smbodimgnt of 2 cefling-onty dry sprinkler system provides profestioniof s
storageoccupancy havinga coiling height and configuted 1o store 4 edramodity-of # given
iassifioation and storage height. The dry sprinkler "S&_‘{Stmn'.i‘iiéinﬁés a piping netwivk iia'viag awel
portionoonBausid © deliver » supply of Buldand & dry portion having a detwork of sprindders-odeh
wel poffion so db fo defing at Jeast one hysfiran;lig;éﬂ}t remote sprivkier, The system Ruetherincludes g
preferred hydrautic design areadefined by a plurality of sprinklers-dn the dry portion insloding the at
least ons hydvulically remote sprinkler o support.responding o & Hire event with 4 surround and
deowneffert, Thesysien further inclodes a mandatory Huid delivery delay pesiod<fefinied by«
gt of thoe following wotivation of o first sprnkier i the prefarred Dyddrankic design are to thie
Qisehirgl of Huid atoputating privsure Fom sitbstantially all sprinklors inthe preforred bydeandic
Jesignaiod. Proférably, the hydradlio desigin arca for 4 systent enploying a surround and drown
eifest is sinaller than o bysdeaulic destpn aven a5 -currently requdred by WEPA-13 for the piven
commadity-class mnd 'sijf.}rﬂg;-:;-iwight

BTy A pretored method of designing a sprinkler systern that employs 2 swround and
dtosmeflect tooverwhelm and Subden a five is provided, “The snethod inclades foemining s
mandatory fuid delivery delay period for the sistem following thernial dotivation of & sprinkler
Mg prefirably, the mithiod intledes deterinining aniaxintem fnid delivery delay period for fluid
delivery to thivmost dEantionily remare sprinkler and fitther fnpludes detérmining he ninimun

fiuid deliviry delay period (o The most Bydraalically closesprinkler. The method of detemnithing the
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‘aximien and-minfievis Taid delivery délay nertod further prefesably Heludes mbdeling a five

seenasio for a ceiling-onlydiy sprinkder systen T a storage space fnchnding a.vebwirk-of sprivkders
and a stored commadity below fhenetwork. The method furthertncludes determining the sprinkier
aetivation for el spiniderin vespbnse 4o the scendrioand proferably’ gaphing the setivation thies,
16 poneraky e ‘gam’é%cii#a spriakier attivation profile.

(B8] The method.ulso Eﬂéiﬁﬁiﬁé"éﬂ?émﬁ}ﬁﬁg proferred masimun and mishesy sprinkla

operatiopal-dréhy for tie Systim$ vipable of adidresting o fire ovont with sutreiind s drotwn effect,

“The prefiorted shizimusn sprinider dpekational agen s phefirably equivalont 16 & minfraiged hydrauliv
designares fov e aystom. which tv defined by a-number of speinklors, More prefaraliy, the

Hydrautie design areais equal toor smaller than the hydrantic-design ares sperified by NFPAL13 for

the: sanie commedity being protected, The preferred imitimum spriskler operational avea is
preferably defined by s ciitical murber of sprinklers, The eritical nunsberof gprinklors & prsferably

two 1o four sprivkless debending upod the veiling hefuht arid thetclass of commidity of husard being

pEotectad.

00391 The method further provides identiféingminimum -and maximuh Maid delivery delay

periody from the prefietive sprinkler aciivatipn profile; Preferably, the mintmun fuid delivery

Gelay period s defined by theitime lapse between the first sprinkier sotivation wthe activativn Sme
‘of the last inthe.oritfoal dumberiof sprinklers, The maxinmm flutd dedtvery deluy pesod s

proferably defined by thie thme-dapse betwien the st sprinkdes sctivation snd thifihie ot whichithe

wanbet of agth 'fm;ei%'s';‘};:i'inkiar'ge"ig-’é;;;;ai o ot lease'Sighty percint of the defined prefirred muintin

spfiiicder operational ares. "The Winforvimand riakisxdon flnid delivery deldy periods defing o range
of avaiiatie fluid defivery deloy periods widch vap bo Tmplomented in the dogigned ceilingsonly dry

sprivier-system to bring dbout.asurromnd and drown effedt,
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{0955 To desigh the preferped Selling-only dry sprinkler syse, the method farther
provides Herafivaly designing 8 sprinkler syStens haviig » wet porfion and 8 dry portich having a
network f sprinklels with a liydraulically rerfiofe sprinkler and o hydiaufically close.sprinkier
relative fo the wet portion. Theresthod prsferably.includes itoratively designitiy the systom guch

hast the hyyclrantidally remoty sprinkler experisnces the maximun Reid delivery delay geriod and e
hydvaulivally close sprinkler expérignces the tninitum it delivery detay petiad. 1 toratively
designing thé system forther profstably incliidés verifying that euch spriskier disposed befwsen the
hydvatdiedlly romote sprinkler siid thehydrinlioolly. dlose prinkder Sxperionge a fluid defivery délay
peigd tiat i Between the mibimtinand maxindin fuid delivedy délay poried for the-pystem,

106631} The preferved methodology of can provide ariteris for desigaing a profered zolling
only dey sprinkier system:tp address 8 fire event with a swrround aad drown effect, More
specifically, the methodalogyivan ;}f{;‘;*id‘e forw inandatory fuid delivery dolay poriod and dytrsulic
design arcs to Supbott the surtoihd aid drown elfeot and whith cun be firthér intbsporated intoa
dry sprikior sstem désign seto defined hydsnsdic performnce exiteria whire nosdeh eriteria i
eritreftly knowa, In ancther praferred dmboditnent of & methed for designing the preferred sprinklse
systes can provide gpplyving the fluld delivery delay pediod fo a pluvality of fnitislly hotnwlly
aetunied spriskioss thatary {‘hemxaiig actusted in a-defined sequence. Mote preferably, the
mandasary fluid-delivery-delay period i apphied to the-four most hydraulically yemote sprinklers.in
the gystem:

{8033 In ¢he prefored embodinent, o fie protectionsysiem for a storage veeupanicy s

pitvided. Fhe syeten preferdbly tmoludes wwet portiondniy therhally vated diyportion in fuid

coiiiunication With the wet portion, Praferably the deyportion iv eonfigwied to delay discharge of
fuid from the wel poftian fito the-storage ovenpaney for & defined imp delay following theringd

activation of the dry portion. yanother snibodinent, the-systen prefrably-foclades s phaglity of.
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therinally eated sprinklers coupled fo & Buid saluas, The plusality of sprinklets can be located in the

storage-ceoupancy such that each of the plurality-of sprinklers are positioned within thesyster so,

that uid discherge. intoithe storage oooupancy isdelyed for a defined period-foliowing thetmal

activation. Ty yef aother embodiment of wprelirred systom, the systeny proferably-has n meximin

Aeday aod e mivhon delay For-delivery of Thaddnto the storagy veasaney. The preferred systom
inclndes a plorality of thermally rated sprinklers coupled to & flaid sourss; The phuality oF sprividers

arepositiotied such thit cack of thi plutdlity-of sprividers delay dischariog Buid ifeo the Sorage

ofenpavey followiing thernyl activation, The delay Is proforably n the range bebween the maxdimum

and gt delay for the system.

10033) Tnanother prafbered embodiment, a ceilfng-only dry sprinkler eystom for fire
protection of & storage cocupaney. fncludes. o grid of sprinkders having s group of By trantically
semote sprivklens selative foa sourcesf fuid. The group of hydrauticallyremiote sprinklers ate
preferably confipived to tharmallyaciune in & segiiesies in response to & fire ovint, nid méfe
wreferably distharge thild in 4 sedusnes following & mandatory faoid delay ot cach sprivkler. The

finid dobiviery delay ported is-preforbly confiaured 1o promote thermal activation pfa nuiliolen

pumber of sorinklers.adiagerd the group of hydraulicslly rempte sprinklers.to-effeciively surround

and drowsn the re,

034 Another sbodiment-of Bre protection Systom for 2 slorsge-oocupaney provides ».
plurality of thermally tated spiinklers coupled-to & Huld souice. The plurality at sprinkless.are dach
preferably potitionsd fo delay dischargeof fluiddnt the storagevutapiny for a delined perigd

following dn initial thevinal activation i fesponse 0.4 fxé Sveiit. The defined pefiod isofia.

Sutfictant fength to pesmil 2 suflicient-number of subsequent thermal sctivations to formg discharge

arga to surround and drown and thereby overwhelm and subdue the Bro.event.
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JLEIER T anbiher aspect of the prefbreed ém?iﬁéihz'ant;—';amﬁm fire protedtion sysiem for g
gtovage dooaphney Eprovided, The prefeired systern inchudey u plirallly of themmally rated
speikiens oonpled o a fuit sowree. The plurality of sprivklers are preforably intorconnseted by a
network of pipes. The network pfpipes atearranged to delay discharge of Hluid from arsy themually
aciated sprinkier Tor s defined period following thermal activation of at Teast ous sprinider. I
anvthior eenbodiment, & fite protection systemds provided fora slorgge scegpanty, The systom
proferably indludes & fuid sowde-and a tiser assernbly. in consrumtvation with S fid soufoe;
Proforably tebadsd is a plarality-of sprinklets disposed in the Yotags octupancy and subpled o the
river seseinhly for edntrolied comimuiicution with the fluld soure. The risef assémbly is pretirably
cotifigured 1o delay discharge of flutd from-the sprinklers nto the storage occupaney for a deffned.
peiod following thermal apiivation of af least one sprinkler.

185361 Anvter embodiment provides.s fire prowetionyystem for a storage occupancy which
proferably inehades o Tult suiwde. s obntd] panel,end a plurality of gpriikdets posttioned in the
storags deeupaniny and i controtled sommunication with the Hud sourde, Pm.f%ﬁrsibiy, e coptrol
paﬁei,is-{:‘mﬁigﬁmﬁ o delay dischdrgp of fuid Fom the shrinklers tote the storage vecupancy fva
dofined puriod following thermal aotivation of at least ohs.sprinkier,

{8637 In yetanother prefivred embodiment, afive protection system that profersbly-fnctudes
a.flnid seurce and a control vabve in comminmization with the finid souree. A plurality affsprinidery
is proferably disposnd in the Storage oconpangy and doupled to thesconteo] valve for controlied.
comutunieation with the fluid sowree. ‘The cantrol valve is preferably:configured to delay discharge
of fhatd fror the sprinklesy fito the storagtocaupaney. for a definsd period following thesmal
setivation of al legst one'sprinkler,

{3081 The presend. Myveition provides dry ceiling-onby sphinkier protection for vagk stosage.

»

whove onfy wet systems o dry systems with in-rack sprinklers were permissible. In yet another
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agpedt bl e prefevved eimboditent of o dry fipe. protsetion shstens, ¢ diy teiling-saly fire plotestion

Systdo Is provided having s mandarary Huid delivery deluay disposed above sack sterage having a

storageheight, Proferably, e rack storage Includes envapsulated sforage having & storage E’xﬁi;g'%ﬁ;'
tweply fogtor grester. Alterpatively, theroek storage inchides non-enrapsalated storage of a1 least
oneof Class L 15 or T-commodity-or Group A, Group B orGroup € plasties having 2 storage.
Telght groater San vwomy-five feet: Alternatively, the rack storage indludes Clags IV eommodi iy

hiving & storae belght.greater (hid twehty 4o foel,  In et aoothor sepest; the drv fire protudtion

gystem s proforably plovided so as by indhude o dry-eedling-orily five prdtoction syStem d8posed”

above &l jedst-ang of single-roW, doublesow dod maltiplerow magk $lorage,

100385} Iy yet snother embodiaent, n-dey fing profection systany is provided; the system
preferably includes adry ceiling=only fire protetion system for storage poeupaney having s culing
Helght ranging from ahout twenty-fve o sbious rty-five foet Inclading a plorativgof sprindders
Hgposed above.at least ene of Kaple-row, double-row aird muljiflerow tack storage having @
storags holght ranging: from geelior than tyrenty Teet 16 shoni forty et and i§ preferably W fpast one.
of Clags L35 T wdl IV eoptéiodity, The phufality of sprinkiers ave prefévably positioned 50 as to
eifect @ thandatory fuid-delivesy delay, Inan alternative embodiment, g devipreaction fire
protection systen dmprovided. The system preferably Includes dry cellingsonly-fivg protection
systom somprising o phaalivy of spiinkders disposed above of least.onsof single-tow, double-sowy
and mudtiple-row wik storage having, & storage height offabout twenty féet or gremter andls mude of
4 }%hisﬁx: esmmedity. I smvothes gspectiof the préfvidied systers, a dry-celling-ouly firs protection
systen is provided comipfising a plurality uf sprinkless disposed above atJenst one of dngle-row,
WRuhle-tow sad moltiplerow rack storage having 2 storage hedght of grester than twenty-flve foet

and a ogiiing-to-siovage clobraice height of abous five feet. The.storge is preferably atlesstone of

asy I, Class IV and Group A plastic commiodity:
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1hosb] & ceiting-phly dry Sprivkle protection systeni incTudes & 1161 Sowrer snd o phuality

of speinkiers i communication with the fuid soures. Bach sprinker preferably I vonfigured o

hermally petivate-withina-time sanging betwoen'a mavinrom flwid delivery Jefay period and &

minivrur fuid Jelivery delay period:to-deliver a fiow of itd foflowing o.minfmur desigried defiay

forthe speinkier,

{0041} tn.another aspect; 4 chiling-only dry sprinkler sysietn it a Sthnae ocoupancy is
provitied definthe o -;:sﬁi‘iﬁiﬂg Hisfght Th which the siorsgd hétupaticy howsés a cobmodity having a
sommodity conBiguration and a'torage configudation ot o defingd slorage boight. The storage

sonfizurhlion con be & stovage aray srmngement o any ong of sack, palletized, Bin box, and shelf

storage. Whereln the storage amay smangement is rack-storage: the arrangement can e Tunther

configured as any ene of singleov, dowblesos and multi-row stotage,  Thie system preforsbly
includes a riser nesensbily disposed betwesithe s setwolk and the scoond nstwerk, 3&?&5&?
havisig-a comtrol valve having wn outlet and ax falet,

H0e2] A fivsl petwork of plyes préferably eontains & gas anddn Sommunieation with the
putlelof the-contrp valve, The.gas igpreforably provided by a pressuvized sdr or pitrogen soumge,
The first network of pipes father nchudes & frst phuality of sprinkless incloding ot least one.
hydoautionily romote sprinkler relntive tothe sotiet ol the vontrol valve and at least-orie Iydraulic
close sprinklor relative.to the outlet of the control vaive, The fixst network of pipes can be
configed I & Joop configuration nd s fore preferalily configiived ind tree configufative, Bach
af the plueality of spriakiess is pf@f@f;iﬁigf thereaily-vated to ﬁiermaﬁymgget the speiakier from ey
inactivated Stute wan activated state. The frst plusality of sprinkiers furtlier proferably. defing »
depigned areg pf sprinkler operation having a defined sprinkler-do-sprinkler spacing and a.defined

nperating pressure. Thesystens aleo inclodey a sevond network ¢l pipes having & wetmain in
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sommitication with the inlet 6Fthe sontrel Valve fo provide contedlled Tl delivery to the fist
netwail of pipis

a4t The systim Suther Inoladesa Srsf mandatory fheid delivery dulay whicliis prefimabily
Gefined as 2 thme for fuid o avel from the-ontlet of the contral walve to the at keast one
hydraalically romode: sprinkler wherein #f the five event initially thermally sotivates the-at lvast ong
fydraubieally semite sprinkier; the first mandatosy fluid delivery delay 3§ of such & fongth thata
sepand plurality of Sprinklers brovimats the gt least o ‘ydraillically sefote Sprinlder are thermally
activated by the Bre eventsorag e defint s maxiinast sprivkier dpevitiobsl aren b sorround and
dtnwn the e dvent, The dysioin altd Providis for a secand mendatory fhild delivery delay'to
define a S for Muid to travel from the putlet of the control valve to-the af loast one hydranticatly
close sprivdder-wherein & the. firg gvent iitially thermally activates the at feast one hydrandically
slose spriviier, the seeond mandatory fuid delivery delay is.of suclna forgth that s thied plurality of
spvinklin proximuty e at least one hydraiically close sprinklerare thermally sefivated Hy the fie
event so'es to define & minfinust speinkior operational dred fo siwround aind drowd the fire pyent,

{B44]

The sysudnn is usther preforably configured such didt the pluality of spribkiers
Tarttior defines 4 hydrankic desipgn afon and a-dedign density wherels the design arés. nchndes the at
foast pne hydrnatieally remote sprinkler. To one preferred embodiment, the hydiaulicdesignwea te
preforably defined by o grid of about twenty-five sprinklers on a sprinklardo-sprinkler spacing
vaniging from dbont sight feot about twelee fest. Acosrdingly, a preferred smbodiment of the
present invertion provides vovel Rydeslie dosigrarea exiteria Tor Selling-only diy sprifldés Tive.
protection wheke tions had previously sxisted, Tianothét préferred aspett-of the systen, thel
hydraudic desion aren is's Runcion ot keast trie of colling heiihe, stoviige confighiation, Sorage
height, bommodity clagsification andfor dprinkler-tocsinrage ofearande heldht, Profetably, the

hydeanlic. dostgn area B about 2000 squwre foot (2000 £:%), andin anciber preferred aspecs, fhe
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fivdraulic destunsres i6 Jods thal 2600 syuars feot 2608 £.%) go' 8§ fo fedice the overall iluid
derhand of khown dey sprinkler systers B storags oceupancies, ,Mk:m.;;nﬁsfatééi v, the-system s,
designed such that the sprinklor operation gren is less than ag arenthan Biat of & dry sprinkler sysiem
siwed o be thivty-pereent greater than the sprinkler area of a'wet systep shzad fo protect the same
sized storage ooonpERLY,

186451 ‘the sysiem 5 preforably configured for ceiliig-obly protéction of s Slorage
Deaipaney in which thes veiling helaht mingey foby about thirty fest fo dhaud-forlyfive fedt, and the
storige hieht von sanpd socoidingly fromyabing tiveity feet 1o about foity Tostanch hat the
sprinklsrdo-§otags olearanoe helght ranges-From about five feet-to about twenty-five feet,
Agcordingly, in gne preferred aspect, the eefling height is about sgual 1o orless than 30 Jeet, and the
storage height ranges from gbout twenty-feet fo about thirty-five fest. In anoifier preferved aspact,.
the seiling height s aboutequal fo or Tess tha thirty-five Teetand the sioragerhelght ranges froas
abbut fwengy feot to Whout thirty foet. Tn vet another preferted aspect, the euilini Helght fs shout
ogtsl to thirty ool dnd the Sormpe height ranges from sbout fwenty et to about twenty-five feef.

Moreovsr, thi{itet énd second Thdd dediver delay periods e preferably.a function ofat Teagt the

seiting helght and the stprage height, such that wherein-when the ceiling height ranges from ghont

fisieiy foet fo nbout forty-five foet { 30 f1.-45 §1.) and the storage height ranges fom about twenty-feet

i-shost forty-feet (20 -4 ), the first mandatory faid dolivery delay by preferably less than

vty seconds and the second mandatory fuid delivery perfad xanges from shout fourdo abowut ten

sehonds {8 see- w1 seis),

546} Thecelling-only gystein iy referably coiifigured s at Jeas( ous ofa double-inteslock
preaction, fingle-ioferiock prodetion axid div pipesysiei. Actordingly, whers the system is
configured apa-donble-interlocked sysfbim, the sysfem Buther incdludesone or more fire detectors

spaced relative tothe plorality of sprinkiors snch that in the event of x fire, the fire dstectorsactivate
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befdreany sprinkior setivation. To fcifitate the injsdbek vnd the preatiion Shardctecistics. ol the

systerh, the system Rrther preforabily ingltides 4 relonsing control panet inbomuminication with the

conieol valve, More prefesably, where thereontrol valve/isa solenoid actuated conlel walve; the

‘relsasing coutrol panel ts configured to révelve signalsiol eifhier a pressurs decay o firé detvotion fo

aupropristely energize the solevioid valve forastuation:df the settrel valve, The systam farther

prefetably ficludes & guick refedse devicy in conirutiication Wit the réleastug control panel and

sapable of deféating-n gmall vate of decay of gay prestur in the first adbvork of pipet fo- signal the

refeasing control pusel of sucha decay. The préfhreed ‘sprifkler Tor wbe 1o the dry celling-only

ystom has o K-fhetor of ab feast ploven, preferably preater than sleven, more proforably rnging

from whout levim foabout thidy-six, even more preferably abowt seventecn and yel sver miorg:

preferably shovt 16.8. Thetheral vating of the sprinkler v preferably about 286°F oy greater.. in

addition, the preforred sprinkler-has-an operating pressure fanging frontaboat 15 pel. to abont 50
yisk., vopee fweferably tanging frém about 15 pél, 1 abbut 48 psil., eveh niole preforsbly ranging fom
about 20 pil. 1o about 3% pal., and yet ovin mots preferdbly rahyping fom abont 229si. to abbut30
9.

foudT Aegordingly, another embodiment according to the presept invention provides &

‘sprindcler hmving o strochureand asating. The sprivdder preferably incfndes 2 structure Having.an

inferand an outhet with a pastagewsy disposed therebetween defining the K-factor of eleven {11} or

grenter. A closure nsgembly is prévided udjacent thevutlet sind & thermally vatod trigger assembly
] ‘;aw&;‘mfai}i-y providid fo suppurt The closure Assem biy adjacens the outlet. In addition, ‘ﬁzé.}?mfmtt'm?
sprinkler inciudes a defledtor disposedigpaced adindent fforh (he gutlet, The tating of the sprinkler
preferably provides thatihe sprinkler fe-qualified foruse in a.celfing-only Gre-protection storage
applicition fncluding a _ﬁiygf sptinkler sysiero.configired to address » Hve ovent with-e sround and.

drawn wifoet for pretention vfrack sforage v a commupdity stored f0 a:storage hotght of at loast
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Twinty Tt (208, whishe the coutiodity Bing gtoted is.al Teait ote of Clade 1, 15 1L, IV aed
Grolp A commiidity, More proferably, the sprinklerss lsfed, a5 defined in NFPA 13, Séofion 3332
(2002} for wse fu.a dry ceiling gnly fire protection application of a storage-oczupaney.

{548] Acsordingly, the prefored qualified sprivkleris preferably & testid z_;g:‘ssiimt};:«z; fire
togted above pstorage conwmodity within a sprinkler grid of ong hundred sprinkless inat loast one of
for quatifying and more prefisably it naprinkiud, a8 defined fn NFPA 13, Seotion 3.2.3 £2002),
f6r weendna dry. celling only fik protection applicatioh of a storafie diupancy. having s commedily
stored toia storage helght oqtial To-of greater than about fwenty feet (20 #)und less thanabows forty-
flve foet (45 1), "The sprinkier preferably has an fnlet and an ontlet-with a possageway
therebetwesn tn define the Kefaglor of ol least 11 or greater. Praforably, thesprinkier inelade s
designed operating presyire:and & thermally vated trlgger sssembly to.actuts the sprinider amd 3
deflectorspaced sdfacont the ontlet. The method prefiiably indhides five tosting a sprinkier geid

forrand frony the sprinkier to be ghalifed. :.'I*}.:‘}'Eg&‘?difﬁdﬁ;ﬁi&ﬁt’:ﬁ abovewstored commedity

- eonfigarition of ol Teast twepty-{obt. The method further indindes dischaging Thed at the desired

meewstite Tom g portion of G spethlder grid o overwhelm and subdug the test fire, the:discharge
ocotzeing & the desipned operationa] pressuse,

{049 Mgre 3;3@_&&’;{:&1}?,: the fire *tx:stimag_pmfaxaiﬁiy inchudes igniting the commedity,
thermally sciualing of Teast on initial sprinkler in the arid above the scmmodity, aud delaying the
defivery of fluid following the thermial actuation of the a leditone it sotuated spirinkler for 2
period o a3 to thevmally sttnate o plurlity- of subsequieit spiitikiety-adfacént the-at st one fuitdal
spriakier suoh tht the Slschariing is fom the initigl-and subsegoently sctusted sprinklers.

Preferably, the fire testing ix condandiisd.at prefioned seiling hilghts and for prafirred storage heiglis,
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[aG50] Anpther prafeired metlod Acoording to the present inyention brtividey's muethod for
desigiinga dry-csiling-ouly Tive protection system i a sforage ocvupadicy in whichthe syster
addresses.a e with a sutround and drovin effet, The prefemed method includes deining of leal

one hydesitically remots sprinkler and ot loast one hydranlically close sprinkier yelative o4 fieid

seuee, and defining a maximom fuid delivery delay period io theat Jeast one hydmulically remoie

sprinklerand defining a minfnan Huid defivery delay period 1o the a logst iove lpdraubioaily close

sprinkler Yo géncrate sprinkier opératichal areds for surrouiding sud drawning o it codnt
Defining the ot loast one hydtautically romole.and at lolist voe hydeaulically elose-sprinkiel-funthoy
orpferably includes defiting g pipe systéin cludilid a riser dssembly dotpled. e the uid Sowee, ¥

main extending Gomdhe tiser aysembly and 8 phuality o branth pipes the plumlity.of branch pipes

and locating the ut least one hydraylically remofe and at least hylranlically close spriukler alung the

plurality of branchpipes relative o the riserassembily. Themethod can further inchud defining the
gipe System.as atdeast one ol o foop and tree ao:w.f’igﬁmi"em, Defining the piping systetn fhrthes
ineludes defining & hydranlic design droe to suppoit a sutrobnd and deown effeet, suchas for
sxaiviple, providing the namberof sprinklery infhe Bydvaulié aren and the Sprinkier-fi-spiinkled
soacing. Preferably, the hydranlicdesien area is defined a8 a funetion of af lodst one palsineier
clpacterizing the siorage ares, the parametors being: coiling height, storese heighl, commodity

vlassification, storage vordiguration and clearance hetghtf.

{8051 T one prefireell embodivent, defining the hydrautic design arex can fnclude reading

‘»fovkeup table and idsstifving the hydraulic desigh srea based upon at ldagt bie of the storage

pevadotids. Tn nhothir aspéet of the preforted mitthod; dedining the siadinun fuid detlivery dilay
petiod prforably iplndes compitationally modeling a 10 %019 spriakler grit having the af least one.
hydrquically vormot spriitkles apd the 8t Kist oue hydranlioally losegprinkler dbdve a3tored

commodity, ¢ modeling including simulating 3 froe buin of the storsd -commodity sud the
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sprinkierantivaron soqueine tn febponss to the'free bufn. Preferably, the maxintn dolivery delay

pirfud 1s defined 48 e time lagse Betviosn the first sprinkles adtivation o about the shcteenth

-gprinkler aefivation. Furthermore, the minfivim Tuid detivery delay period i3 prefurably defined as

the time lapse betwesn the-first sprinkler activation 1o.about e fourth sprinkler activailon. “Ths
preforred method ean alse indhude ieratively designing the sprinkler syster such thet fhe maximem.
Ruid delivery dolay period s skperienced af the mibat hydraalically remotie-Syrinkler, and (e
st Suid delivery delay period fs oxperienved at e st hyidrauiically dlose sprinkler, More:
preferably, tieanethodinclades peiforming a cotoputersifmylation of thesysten Including
sequencing: the sphinkler activationsof the at leas! one hydranlically remate sprinklor and proforably
fore mesthydraubizatly semotersprinkiers, and also sequencing the sprisier sotivations of the at
Inast ome hydrmalically closs sprinklerand preferably for most hydraufically closs sprinklers, The
mmpﬁtar-séxmii&tiﬁa s profiratly sonfigmed to caloufae fluid wavel time from the fhid souree 10
the.avtivitted sprinkion

0052 I ohe prideered eonbodiment of the- method shivulatng the cellingronly dry spiakler
*»ywn  ootifignred 1 swdend and drgwm g fire event; includes Smolitidy the fivst plowality of
spinkisesse asdd inclade fopr fredrautically remote sprinklers having saactivation spquence s as
1o dafine z firsthydraulically remote sprinkler activation, a second hydesulieally remote s}};:iiﬁkiﬁz
activation, a third hydrautically remsote sprinider activation, snd a fourth hydraulically remote-
sprinkleractivation, the seoand through fourth hydraulicatly close sprinkler activations sosusting
withini ton seconds of the fitst hydrdulically vetadte sprinkier dctivation. Morcoves, the simulation
detines's Hrst nyandatory: fluid ﬁéii‘m‘r}j delay: such that i Tluld is discharged avthe designed
operating presdure frong the frst Ipdvaulically vemote sprinkier at 1hs monmedi the St hyduaulically
rumote sprivklor sctoghes, soJluid i discharged oi the degdgned eperating prossuie frow, the-gecond

hydpanlically semole sprinkler at the moment the.second hydeanlically remote sprinkler-aciuates, 1o
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fiidd i discharged of the designed operating prossess Thom the third hivdysulically remole sprinkler
gt the rionent the third hydshuBenlly remote spiinider actyabes; dbd no fuid i discharged af the

designed operating pressure from the fowrth hydrautically remote spitakier of the mement the fourtly

Tydranlically vemote sprinkier actuates. More spevifically, the fitst; second, third and Hurh

sprinkiess e configrred, positioned and/or otherwise segnenced such that none of the four
ypdraalically fmuote sotinklers ‘expéiibnes the desiggied &pmta‘éing pressure priot fo or et th metbent
af'the abtuation of the fourth taodt ydravtically rempote speinkier.

{0033] Adddinidnally; thoasvitom I8 Rithet picforably. sirtniated suh that the Hest plurality of
spsinkers inolpdos Touy hydraalically Slose sprinkiers with an gettvation sequence so a8 fo diflped
fryt .‘r?z}"s;irﬁiﬁ;‘{eaiiy close sprivikler activation, aseeond hedraulically close sprinkler activation, a third
tiydrantically closs sprinkler sctivation, and & fourth hydeautioatly slose sprinkier activation, te
sevod fhrough fourth Ivdetically close sprinkler setivations oeeuring within ten secondsiof the
$ist hidantically rémoti-Sprinkler sciivation, Moreover; the sy$tenyis simmlated-to defing abscond

muaindatory fuld deltvery doliy 43 suchrthiot n Suld js discharged atihe desipned operality prossue

froft the fis hydrantithlly olose sprinkier «f the moment the Hrst hydranfioally remae-sprivkier

acinates, Bo Huid ks discharged at the desipaed operating pressure-from the second hydrastivally
close speinideral themonent'the second hydraulically close sprinkier setustes, no Tuid is

divcharged at the -designed operating: pressure from the thivd hydrautically slose spridder af the:

paviosent thetthird hydrablicaliy clusessprinkler actustes, and.ne fluid e dischiarged ot the designod.

opeiating pressuiiy fron the fouith hydeaulically close sprinkler at $he inotent the fourth

hydeindicuily close sprinkder actuates, Moke spucifically, the fitsf, seoeid, thivd and fonrth

sprinklérs areoduligured; podttioned aitdior dtherwise seqienced sl that noneof thefoor

hydraulically olose sprinklees sxperience the designed operating pressure piior fo or st fhe monent

of the agtuation of the fourth most hydruotoathy-close sprinkler
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4] Arevidingly, anothes preferred @mbotimert of the présent invention provides.a
databusy, look-up table or a'daid (abls for designing o dry eeiling-Only sprinkler system $of a slorage
cosupaney. The daia-tabde preforably Inclndes afirst duta prvay chavacterizing the storage
Sorupaney, & second data arrmy characterizing. s sprinkler, aihivd data amray fdentifying 2 ’i‘g}'g;’ir@l{ii;}
design area asa fimetion of the first and second data arrays,and a fourth-date arvay ideniifiing &
maxiom fulddelivery delay pedod and » minimem fluid delivery delay period esclbeing a
fenution of thedirst, sécond and diind deta arays, Proforably, thie datetable 18 confighrid sock that
e daty tnble iy ﬁ@ﬂﬁg‘ﬁ}fﬁéﬁ-'aﬁ & Jodike-up table in which sy one of the frstitdend, dnd third data
arrays deformibg ihe fourtl dale amray, Alletiintively, the datgbase omi be d-single shooifisd
mesinam Huid defivery-delay period 1o Bé incorporated into a ceiling-only dry sprinkler systes o
address:a Tire in & storage ovoupanvy wilh asprinkier operational aress having surronnd gad drown
ronfiguration.abon the fire avent for a given ceiling haipht, storage:hed giﬁig. andfor comrpodity
ohassifeation,

jb0ss] Themessin invention can provided oné or more Systoins, subsySioms, Components
arid oragsebidied niethody of fire protettion. Accordingly, & procely préfisgbly provides sySrems
and/gt mmolhiods Bor v protection, The huethod preferably fncludes obtaining o sprinkler qualified
foruse ina dry colting-only Sre profection sysfem-for a dorage cucupancy having st least ote off (B
Class B, Group A, Group Bor Group U with a storage height gredier than twenty-Tive festyand
) Clagy IV with u storage beight gooster than twerty-two fest. Themethod further preferdbly
wchudes dldtibiting 1 8 user E}.zé'-spriﬂkiér forase ina storagd etbupaney.fire prolection
apphicdtion, In additien or altermatively, to the protess can dnclude obidining & quslified system;
stibsysten, vomponent-or misthod of diy celling-only fire protection for storage systemsand
disigibuting the qualified systen, subsistern, vomponent or nzethied o frony a frst pasty 19 4 second

paity fordse i the fre protection apiphication,
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10934] Avcordingly, the prestut jnvention can providé fora ldt for a'dry ceiling-only
sprinklersystem for five protection of a storage vooupaney. The kit preferably dndlodes a sprinkli
anaiified foruse ina dry eefling-only sprinkler systen for.a storage:ovoupancy having ceiling
heights wp o gbons Tortydive Toct.and commodities having storage heights up to abint forty Tiel. In
addition, the kit preforabily Inchudes o fiser asasmbly fot compdfiing Yid deliveryvo thuat ledst one
syrinkler, The prefered kit forther provides 8 data sheet-for the kit in sbiich the datal shest identifies
pavameteis for using the ki, e pardmetlrs includinga hdvpidic dostin srea, ¢ taxiosn Duig
delivery dituy pediod for 4 moost heticiulipally romote spritikler-and s mintmbm fuid delivery delay
peviod to-a most hydraulicslly close sprinkler, '%?&t%ra&i}:} the kit inctodes an upright sprinkles
having a K-factor of sbout seventeen and wriemperatore rating of dbont 286°F. More proferably, the
sprinkler 8 qualified for the protestion of the-commodity being at Teast.one of €lags ¥, , I, Waand
Groap A glastics, Thiriser assembly prafirably includes n contral valve having an inlet sud
cutls, e et aagembly rs“ﬁrr}mr Coprises 3 proisure switeh for chaninunication with the contrel
valve. Inanother préfetred embodiment of thé kit & contro] panél is invluded foy controlling
semnugation between the pressure-switch and e control vabve: Additiopally, af lzast one shut
offvalve is provided for coupling to at leastone of the Inler and outlet:of-the vontrol valve, and &
chack valve is farthes preferably provided for coupling r-the ovtlel of the control valve,
Adtermatively, ab srrangeshent oan beprovided in witeh the cdntral valve and/ tiser sssembly van be
confipured with an inteimediate thamber so 83 to elmibate the need foF & chetk valve, Inyst
dnothéy preferred ambodimen cvf‘fh*a' km # computer Progian of Software-dpplidation is provided o
sedel, desian and/dr stmuldie the systenn to.delbrinife and veriy the Joid delivery delay peried for
one. ot mote sprinklers by thesysent More preforably, the.computer program or soffware
ap;_gte}i:i:_ﬁii{sf.x ooy shoubate trverify, fhat the hydraulically remiote sprinkier ox ;aariﬁnwg the maxinn

fluid delivery delay perfod and the hydeashioally close sprinkisr experfences the mintomm ftd
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éé%.ia;mf' dolay pariod. In’ a&iﬁiﬁﬁm the-corpder program or softward is-prefosably configuned fo
mrodil dnd Yimudate the system ncluding sequencing the detiviation of ong orsmare senklers.ahd
vertving (oo Huld defivesy 1o the pue orsmore aokivated sprinklers compliee witha desired
wandatory fhuid delivery delay period. More preforably, the. progran oan sequence the activation of
al teast four hydragHeally tomole or alternatively fourhiydrandisally closespriniers in the spsters,
and varil the Huld delivery 1 this four sprinkiers.

] “he priforred process Tor providing sySteins and/or nxsthods of five protection mots
specifically can tochuds distibuting to fromg fest party 6.2 setond. party iyvialiafion ititeris for
instatling the sprinkdesin gty cotling-only Tird protictio systom for g storage Stcupangy,
Providiig insdatlation priteria proferably inclodes specifying at least ong of conmnodity classiffoation.
and gtorage.confl gmfgsﬁm. specitying o winiru clesrgnce Relght between the slerage heightond »
deflector of the sprinkder, specifying & maximmm coverige aren ad & NIRRT SOVOTELe Q0N R
per sprinkliss basis in the Syston; speeifying sprinklepto-sprirtider spacing reqifromeiite m thie
gystem, spdcilying a ydraulic dostgn ares and a design operating pressieey and spetifying o
desigied futd deliveny delay peritel. Tt another prefeced simbodintent; specilying afluld delivéry
detay caw includes speciBdtg the delay 5o as.to promote a surround and drowst offect 1o addiogsa
fir gventin the stemape.oceupancy. Mora mefirably, specifiying a designed fluid delivery deloy
inchudes specilying a fluld delivery delay falling between o muaximum fuid delivery delay period
and o inimnen fuid delivery dolay period, whete, mors ;prafafabiy the maximum and minimumn-
fuid delivery delay poriodaard spocilied 10 ovotw 3t thé okt 1}3&‘&&1&%&@ fenate and most
hydrautically vlose sprinkless respeciivelis

HISR) - anothsr praforved aspeet affthe process, specifitation ofa desien Huid delivesy
ifolay iy preferably a fonotion of #t lexst one'of the teiling height; Sontmodity classifieation, stogigd

sobfiguration, storage height. and clearance height. Aceordingly, specifying the designed fluid
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divery delay petiod preforably tneludes providing 4 défa table-of fluid delivery deldy timds nsa.
function st Ieast one of the ceiling beight, commodity classification, storage vonfipunation, stcrage
Holght, and clearanes height,

59 In another preforred aspect.of the proeess, the providing the instafiation vriferia
forther inchudes spriifying systent components.for use with the sprinkier, the speciliring syatem
somponents prefoiably inchides Specifying aziserassembly fortoutatitng fluid ow to the
sprinkler-gystons and specifving o cortrol necliafism to huplement Hie designed fluid deliyery
ditay. Movsowey, theprocess-oan firther ingluds speeifying » five detection Sevies fdr

comunwitoation with the contrel mechanism to. provide preastion instaliation orfterine The provesy

con ulsooprovide thal instillation criteria beprovided in o dala sheot, which gan further tnchude

pubiishing the dala shees in st feast one of papor media and elpctronic midia

{3068 Another-aspeet of the profeired process preforably fncludes obiatning s spakler for

st i 2 dry osflingonty spdinkler systen: Tor a storage.occtipancy Tn dnt embbdiain of the

process, the otitelilbe prefisably icludes providing the spriukler. Providing fhe sprnkler,

preforahly includes: ;:s;:ﬁvi’g;.ingf;aa-sf;;.ri’;ik&er.baﬁy having an infet and anoutlet with 8 passagoway

therebetween soas to deline g Kefaciar-of ahout eleven or grester, preforably sbout spvenieen, and

mory prefeeably: £6:8, and further providing a trigger wsembly having a therroul rating of about

AR,
10061} Anither aspect preferably sirovides that fthe obtatutag inchides qualifyhg the

sptinkler and fotre preforably Bsting the sprinklee with ah vrimnization ateeptable to an guthority

having junisdiction over the storage occupiancy, suth as for éxample, Underwriiers Laboratonis, Ine:
Ageordingly, ehlalningthe sprinklervan nclude fire tosting the-sprinkier.for qualifying. The westing
preferably-inclodes dofisdug accopfable test eriteriz ingluding fnid dexand and designed systom

operpting prossores, Inaddition, the testing include locating « plaralily of the sprinkler i s ceiling
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spiakicr grid on s nkler-du-spriitider spacing at a celting heighty the grid fusther being locuted
abote 4 siored voivnbdity havinga coiodity classifitation, storage configurdlivn and skitagh
beight, Preferably, the locatiop of the plusality of the spifnkder inchudes Incating one hundred sixty-
nine (165 sprinkiers in « gridon sight fourby-gight footspacing (8 1. x 8 {6 or alternatively dne
hundred {100) of the sprinkier-inthe veiling sprinkler grid on aten Footby-ten foot spaciip(10 8. x
0. Alteraatively, any sumber of sprinklers'can form the arid-provided i sprinklerto-sprinkier
spacing ean provide st least ose sprinkler for bach sikty-Tour square feet {1 Spfinkler por 64 &% or
aiternaiively, one sprinklet foreath 086 hupidred squbed fool (1 spiiskier per 100 ). Motk
weneraliy, the Jocating 6f the plurality of sprinkier prefetably provides focating & suffigient number
of wprindieors soras Yo provideat lonst & ring of unactuatod sprinklers bordering the seivated
spriakders doving the test.  Further included inthe festing is gonerating a fire ovent Inthie
commedity, and delaying fluid-discharge fFon the sprinkler grid o 8 to setivates nuniber of
suriklets and disdharge  flaid fom any one actbvated sprinkler at the ‘dedipnad system operating
pressureyto adddess the-five eventin asaround and deown configurtion. In addiion; defintng the
Aeptable test otiteria profersbly inclutes defibing Thaid demanid as 2 fundtivs of dekigred sprinkder
gotivations o efediively overwheln dnd subdue-a fre with g sutround and diown configuratim.
Prafoeably, the desigred sprinkler activations ave Jess than fw’t}a percentof the tofl sprinklers in the
arid, Moropreferably, fhe designed sprinkler activations ave loss than thivty-soven percent of the:
total sprivklers in the grid, even more preferabily Tess than twenty nercsntof the'total spvinkles in
the gid.

{6062 Fia préfuired-embbdiment of the proeesy, delaying fluid discharge includes delaying
fhaid discharge for apériod of time ag b fuhiction of ot Iedst oné of commindity classification, stofage
condiguation, Storage height, sl a sprinkler-in-storage elearaice height. The delaying thid

discharge can Yarther inshudle detennining the perfod of fluld detay Fom s somputatinn model of the
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commidity shd thie SI0Tage olcTpansy, ‘i:i.‘ivﬁi&;:}i the madel Solvas for free-hiud spz‘.i;aif;‘}w aofivation
s ‘es"ss_;‘c:i% That -ﬁa&:ﬁﬁiﬁ’g detivery déluy s the time lapse Bebwéen a first spriniley activeition sbd'al
igast oné off (4 orifical humber of sprinkler sofivations; and (i) & number of sprinkiess equivalent
Ywran opesational areg capable of surrownding snd drovesieg o fire.ovent.

D053 The distribution from g Hestparty to asecond party of any one'af the preferred

sywiern, sibyysiew, cotrpunent; preferably sprinkler andior tethod can inclode transfer o the

profarred systom, subisystem, component, preferably spiinkier and/or methiod to.at lenst e of &

'rﬁtﬁii"ﬁr,:ﬁ;m;s}aﬁ.ie&:,_ gpﬁ%xsﬁ%@x system ».i:}ﬁtaiiér; of stofage dprator, “The.distribaiing san inolude

sanuder by wiay of at feagt ons of grotyd distribution; alydistebution, ovesteaddistributitinand ops
o dishibidion,

108641 Sovowdingly, the present invention further provides s method of tansfeming a
sprinkies for usede sdey celling-only sprinkler system fo protest-a storags oecupancy fom.afinst
party wasoctnd gy, The dlswribution of fhe sprinkler can tivludis publishing information sbowt
e gualified sprinklor in af ieast one of 4 paper publivation and an op-Hine publication. Meveaver,
the _g&u!atiiﬁliiﬂg Thoan vn-Hus ;_:Jaﬁﬁmi&m pre.fé'rzztﬂ}gg includesdoviing a datiiaiay dbont the guatifiéd
sprinklef onad fistcompais processing device such ag, for exiimple. d sbrver prefordbly coupled to
a.pétwork for commmipation with 8 leastasevond compriter processing device. The hosting ealt
fhther Joclude sunBiguring the data sreay 5o oe to indlade & Hsting authorily clement, e Kifactur data
elmment, s temperaturg safing data element and a gprivtdler data configuration element. Configuring

thusdete aray-proferably includes configming fhe listing authgsity-element as b Josst one of UL and

or Factory Mutaal(FM) Apprevals-(hureinafler “FR™), configuing the K-Tactor duta slement-as

bty about sevéntern, cobfigiring the temiperstare vating dats deniont os betng abiout 286 °F, dnd

cordiguing the syiakler vontiguration duta eloment bs upright Hosting a data iy can Torthey

inelude idéotifying pavamotis for the dry eellingonly sprinkier gysiein, the parameters Heluding: 8
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Tiydrailic design aréa Inetuding.d rnnber of spitldessahd/or sprinkleradesprinkler Spaciip, o
veariyum Daid delivery delay perfodfo & most hydrantivally remote sprinider, nd s minimus Hoid
dedivery delay peviod to the most hydvaulically close sprinkier.

o | Parther-provided by a prefirred eimbodiment of e preseat invention i8.4 sprinkier

syster for delivery of'a fire protection arvangemenit. The systen preferably includies o Grst

womputer procesking toviee B compuiication with at dast a-second dampuiis prodbishng device

over 8 network, and & atabase stored on the fret computer processing divice, Prefisably) the
network isat loest oneof 8 WAN (wide-arca-network), LAN (local-arsasnetwork)-and futerned.. The
detabase preferably includes ¢ plurslity-of data arcays, The first data srray-prefirably identifivs o
sprinkler foruse i a dry velling-only fre protection systems for w storage cccupancy. The Hstidata
array-preforsbiy-inchudes a Kfactos; o temperature rating, and.a hydrautic-destygn mon. “The seeend
dateatray proferdbly identifies  siored cominadity, the seidnd data mray preforably. inclnding.s.
comiodity clatsification, & Wotsse configatation and a slorage hiight, The third data arrdy
preforably idongifiena miadmum thid delivery deley peripgd for' thie delivery time Ko the most
hydrauiicaily vemode: sprinkler, thethird data element being o functian of the firstwnd second dats
arvays, A fowrth dita avray preferdbly fleniifies o motnimum faid déltivery délayperiod Torthe.
delivery:iime to the wost hydraulically close sprinkier, the Tourth data wreay beings function of the
first andsecond dat arrays.. v one preforred smbodiment, the database s configured ag-an

slectronic data sheet, stoh asBor example; at ledst one of sn hunl &, paf, oreditabledest file. The

Gutihase con Rurthet include a fifth data. axeay %ﬁé;iﬁﬁﬁﬂg_,ﬁ-ﬁs&r assembl y"i:‘érfssa with ﬁa‘e-s;wfinkk:‘r

o the first dite arrgy, dud even ficther inchide a sixth datwarpdy ideéntifying a pipiog Systom 4

souple te.couizel valve of the itk -data array to thé sprinkler of the first data array:
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Brigf Desoription of die Dropeligs

fLo: ‘{he acoompanying drawings, whith are tntorporated hereinand sonsfingte parved
thig --&gea&ﬁcﬁﬁ o, ifustiate exemplicy smbodiments of the-fnvention, and topethar, with the general
desotiption ghvenabive and the datailed deserfption given Below, setvestoexplain the fadires of the
fvertion. §should be underiivod that the preferfed emibodiments are not the Yolalily of the
favention bul are examples of i dnvention z;s;;;r:.widec’x‘; by-the appended:olaims. |

08T FIG. 1 s an Hustrativesembodiment.of a preferred dry _.s_pr.%m}.'ﬁar systom Jovated i &
stotage aren haviog & stwred vonvviedity,

o)

R, LA Is anvilinstestive schematicof fhe dry portion of the system of FIG,

{6 FIGR. 2A-2C are tespeetive plan, side dnd overhead Schematic vigws of the stursge
atea of FIG. 1.

ja670] PEG. §-is aw Husteptive fowehdnt for generating predictive hest volease and sprinkier
activation profiles.

67T FICE. 418 an ilfustrative heat rolease and sprivkler agtivation predictive profile,
BB BHG.S fsa predictive heat wlsase and sprinkieraclivation profile fur a-stored
sornodity tua 16 sthrage wrva,

HBTSY FIO, 94 15 a Sprinkler aotivation profile frof an actual fire test of the Stored

cotbmodinof FIG 5,

o

{8874] FIG, € is-another predictive:hegt mi?s;i:s&: aﬁé.sp'xin},{mﬁﬁivaiim profite for ariother.
stored somumaditein a test storage arpa,

1007s] PG 6A 15 s sprinkler aetivation profile from an actual fire test of the stored
commodity of FIGL 6.

1476) PR T s yor amuthef gredictive heat relsase and sprinkler detivation proiife-fist yot

anoilier & stored ponsiiodity i attest storage arva,
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BY77] FUE.TA B8 o sprinkleractivation peifile froty an sctud Tire fost of the sioved
conunddity of FIG. 7.

078 i3 8 {5 another-predighive heat release-and sprinkley astivation profile-for another
stored poiamadity foa test stotage area.

B9y FIG.. 8 is yet another prodictive heat release and sprinkler activatfon profile Rof
aoofher stoyed cirmodity s best siorai drel.

3088 P94 389 &g}rmkler activatiod prbfile from ah seiual Bre fest of the-stofed
eonimedivy of FIG. 8,

jubay FIG. 10 18 another predittive heat release and sprinkier agtivation profile for.anothes
stored copunodity fnatest sforage area,

{8082] FIG, 10A i gspoinkler activationprofile-from an aptuad five tost of the storsd
t:&}mmmiiﬁjﬁf FI3 10,

683 FIGE 11 fu-vet another prodictive heat reléase and spéinkler activation profile for
snotir stored combmedity Inoa tegt sforape sy,

TBOs43 FHE 32 i'yet ahither predictive Heat releasg and spriskler-aptivaion pistile for
spother stored commodity in.a o8t slovage. anen.

UL FHE. 334 Is 2 sprinkloractivation profile Trom an aciual fire westnf the stored
commodily of FIG. 12.

{0086 BIG. 13 15 an iffustrative foveclatt of a preferred design methodology.

M7 FIG. 13438 ab alorative ilesteative flowohartfof desigring 2 prefiriod sprivkler
Sy st

o885 FIG: 138 13 aprefened hyvdiaulic design point and crtteria.

8% FIE 14 i an Hivstrative Sowchart Tordesipn-and dynamiforpodeling of ¢ spiinkler

syston
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10080 FIG. 13 s coosssectional xfi-ew*cﬁ’,pmifbfreé} sprinkler for usy in the sprinkler system
SERIG 1.

L] R 14, Is o planviow of the-sprinkler of FIGL 15,

{809} Ik 17 i aschematic view of 5 xiser asserably installed for yse in the systemof PIG,
{6093] PIG.17A isen flusirattve operation Sowelary for the system and riser assembly of
FIGs 17,

0094] FER. 18 3 a sohoniptic. vidw of 2 computr provessing dedied for pradiicing ong'or

© s anpediy of the preferved systens and methods of Bie protestion,

HE A FHIS: 1BASI8C ave side, frontand plap views of e preferved fire protecton sysiem,
REBU FIGL 19 ks sachematic visseof a network for practising one or mors aspects of the
proforrel systemss and mothods of five provection.

6697]

FIGL 20 s o echematic flow diagrim of the Haes of distribution of the proferred
syitors. and miixids,
1981 FIGL2) ipardross-sectional vikw o8 prefided sontrbl valve for whe in the Haer
assembly of F1G. 17

Models) For Carvedng Ouithe Invention.

‘Fire Protéction Svsteie Confipured To Addvess A Fire With A Surround & Drown

Confisuration.

{899 & preferred dey spuinkler systom 10, as seen In FIG, 1, Is cohifigured for profection of

& stered conmmodity 304y a slorage ares or oconpancy 70, Thesystem i) inchudes 8 network of
pipgs having 4 wet portion 12 md'a dry portion. 14 preferably coupled 1-one snither by 9 prisary
water control valve. 16 whicl is.preferatily o defoge or preactionvatve o alternatively, an girdo

I

water ratforvalve. The wetportion 12 s preforably comected o psrpply of fire fghting liguid such
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aﬁ_j,.:i‘ijméé:ampie,. a water main. Thedry gai*.t:iwﬁ 14 inclutdes. s netwosk of spiinklers 20
ivitereinndpled by & netwoik of pipes flled withair or other gas. Alr prossare within thé dey portion
aloneor fn comblnaiion wx th gnother control mechanism contrels the opendeloged siate of the
priivary swaler control valve 1§, Opeving the primary water vonfrol valve 16 releases water fromthe:
wist portion 12 fnio the dry portion T4oT the systens to be discharged through an ppen sprinkier 20,
The wet portion 12 van farther iclde additiont] devices (not showsi) sncki as, for siample, firs-
PODYE, OF backilew provemers fo detiverdhi waiter to the dry portion 14 atadesired flow rate anid/or
pressuLe:

816 The ?réi‘&;rﬁxﬁ,:-ﬁpriﬁkis:r‘-s;'ygte;:{li 10 15 obnfipuidd fo profestihe stored cammotdiny 50
by addressing a five growth 72 i the storape ares 70 sith 2 prefered sprinkley operationalzares 26,
agseentn FIC. § Asprinkieroperstional aren 26 i prefevably definedby o mintus number of.
aetivated sprinkiers thesnally tlggered by the fisegrowth 72 which suxm%mﬁ- and drowrya fire svent
or giowih T2, More specifically; e prutisred gprinklerdperationdl arga 26 is formed bya
minitum sumber of sctivated and appropriately spaed sprivklers confignred to defiver o volume of
watder or ather fite Hyhting fuid havi sdetuate Howe characteristivs, e Huw site audfor pressure,
o overwheln and subdue thé fire from abive. The-niwberof thermally activatsd sprinklers 20
deflaing the operational aren 26 Is preferably substantially-samller thas the fotal nuker of available
sprinklers 20 in the drv portion 14 of the systern 10, The number of activated sprinklers forning the
sprivikier operstional arsa 26 6 mintnived hoth fo effeetively addtessa Hre and fivher mindmiee the
sxitint of water discharge from fhe system. "Avtivited” wsed herein migans thatthe sprinkler s i an
spen state for hedelvery of wates.

10161] in gpesation, the pelling-ohly diy sprinkier systemn 10 Ispreferably configured to
aclelress 2 fine with a sureound apd drown effedt, would initially weipond o o below With at lsast

one sprinkier thormal agtivation. Upon activation of the sprinkine 29, the comprossed alr-or other
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s fri thie nitwork of pipegwiculd escape, and ajort of in conibination With & siroke 0i'ire
fntieator, trip offen e pritmiiry Water dontro] valve 16, The opei.primary water contrdd Yalve 18
permifs vigter of gihet Bre Sphidst Tuid to 511 the netiork of pipes and travel fo the gelivated
apriukiaes 20. As'the water travels throngh the piping of the syarem 10, the absence of waler, apd
more spect{ically the absence of water af desifned operating dischargs pressuue, v the sforage aren
0 permits the fire fo grow réleasing additional heat into the storage siea 70, Witer eveistually
reaches the probp of aciiutsd sprinkiers 20 and begits 1o Glschariie overthe re from the prefuréd
operatingial aea 26 buildingsup 1o opeiating préssurd el pesmitting & vontinued Tnorsase Iyt beat

releass 18ie. The added heat dogtinues the theimal trigger-of additicenl sprinkdors proximate the

nisially wlgped Sofinkior o preforably defing the desived spiinkier operaiional area 26 and

sondiguration to.yurreund and drown the fire. The water discharge readhes full opersting prossure
out o¥ the operatinnal area 26 4n.a surround and drown configiration so a5 © aversheln: and subdue
fhe fre. Aswsed hereiss, “Susround and-drown” means to sebstantally surrotnd a burningdsen with
a discharge of water to mpidly roduos thie hoat releass vate. Moreover, the systém is cunfigured wuich

thine all the sotivited spiitklers forming the-oporstiny brew' 26 dre-preferably adtivited withifa

predetbrmingd Hine period. Mopsdpecifically, the ladt sofivated Sprinkier ovours within {on minukey

Followisig the first thermal speinldler sefivation in the system 10, More preferably, thelast sprinkler

isactivated willdn aighlamineles and more preferably, the. st sprindder Is activated within five
minmes of the, St sprinkler activation fnfhe system 10,
{12y P misintize o ehiminate theHluil delivery delay period could introduc water int

the storage area T pretunturely, fnhibit e growth-and previntformation of the desived spiiikior

operaiionsl arsa 26 Fowevin, todivrodnet waler too late into the'stardis area 70 sould peimit thi
Hreto grdw 56 faege such thar'the sysien 10 dould not adeyiately overwhedm and subdue the fire, o

- Wt may only serve 1o slow the grodeth of the-heat relegsé rate. Acctrdingly, the-system 10
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neoessmily yéguires o water'ar fhutd delvety delay petind of an siloquite length Yo efféctively form 4
speinkder operational ares 26 sufficient to susround and drowa the fire. To form the desired
sprinkler operstiomal sren 26, the sprinkier system 10 inchudes af least one sprinkler 20 with aa
appropiiafely rondigured Auid delivery delay perfod. More preferably, 1 enstre thata suffiviont
nusiber of sprivdders 20 we thermaily activared to form a.:sgriﬁkl&r sperational area 26 anyWwhers B
fhip-system. 1O qufficient to sweround dod debwn the fe'giowth 72, sach spifikier in the Syitem 10
ki & progiesly confipiried Hikd delivery deliy pertod. The fuid delivery deliy perivd is prafefably
wicasnred Dony th monent following thetnral activation of & Teast vhe Sprinkler20 w ihe momsit
of fledd dischiarge fronthe sne.0¢ move sprinklers forming the desired sprinkder operational arsa 26,
preferabily ol system operating pressure. The fluld delivery delay period; following fhe thermal
activation ofat least ane speinlder 20 in yesponse to a firg below the sprinkies, allows & the fire to-
grow uaimpeded by e fntroduction of the water aroffier fire-fighting fluld, Therinventors have
divcoversd thetthe Hold d&:’iiﬁmy delay peiiod van be confiptired-suich that the resultant siowing fire
thermially trigptts additionpl sirinklors adidoend, projimate &r surrotinding the-tnitlally (tiggered
dgrinklet 20, Water disthisrgs from the fesnliant Sprinkler aclivations define the desired sprinkler
wperational atea 26 {o suponnd and drow and therehy gverwhelm and subdue B five,
Becnrdingly, the size of an-opurational arga 26 is preforably divectly related 10 the leagth of the fluid
delivery delay period. The longer the fiuid delivery delay period, the larger the Bre growih resulting
in wore sprinkler activations-ic fotny g farger resuliant sprinkler operational area 26, Conversaly,
the smailer the fitd delivery delay period, the smaller the resulting operational afea 26,

6103} Becapse the fid delivery delay péitod is piiferably » finction of fhad tvivel time
following first Sprbikieractivation, ihe fuyid dolivery delay periodiis prefirably a function the wip
tme for'the primary water contrel valve 16, the water fransition fime through the systeny, and

compressioh, These factors of flaiddelivery delay avemore thuroughly discussed in.a publication,
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from TYCO FIRE & BUILDING PRODUGCTS entifled 4 Tophnioa] dualisls: Variables Thar Af¥ect
the Performange of Dry Pipe Systems (2002) by James Golfvoauy which is ineerporated du s,
entinsty by seference, The valvs trip time Is generally vontrolied by the air prossire 4 the Hne, i
ahsencd of presince ofai seoelentoy, and inthe case of an alr-fo-ater ratiovalie, the valve g
présiure, Further Hapadting e fluid dolivery delay poriod fs the Huid tangitiol e froth th
peimary contiol valve 16 © the activated sprinkless. The trabyition time iz dictated by Bidid sivply
prossure; 2l ges fndhe piping. and syston plptig volutoe and arrangemes. Cormpregsion Is the
measure of thine ftony water reaching the activated sprinkleriothe moment the Secharging waler gz
fire-fubting Auid pressurs s motutained af sbout or above the rafuimum aperating pressure forthe
surinkder.

B104 T should by inderstood that hecsiise the preferred Huilt delivery delay period-isa
desighed ot magdatory déldy, préfadbly of a defined durdtion, it distingt ffom whatever
tantldmmized andfor Inhersod délays that riay be expenineed in cirrent dry sprinkler systenss. Moie
speotfieally, the dey ‘}:gff}ﬂii}?,i T4 o be dedigned and arrangsd 10 offect the désired delay, fu
gxample, by mm,i%.%@ﬁr;g opcontiznring the sysfem volume, pipe distance and/fon pipg sivg,

i bRty The dry portion 14 and s network of plpes preferably incldes & matn xiser pipe,
connected o the-primury water control valve 16, ard amain pipe 27 s which are connecied one or
swvore apndid-apast bravich pipes 24, Thetetwirk of pipss can furtlier include pipe fnings such as
Sutineeions, ofbaws anid ristes, ofe. 0 Sbnnecy portions of (he network-aid-form lobps andfor tree
biatich gonfigurationy fn the dry poition 14, Acordingly,the dey portoi 14 cn havevarying
sletations or slopé transitions Font one sdution of the &y postiviy Yo dnother seatign of thedry
portion, Thesprinkders 20 we profembly mounted.to and spated-along the spaved-apart brangly

pipes 240 forny a desired sprinkler spaeing.
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TS, ‘The sprinkior-io-sprigkler spactne con be six feob-Dy-sin et B x 68 slpht e
Tp-cight fel {8 A x B 1Y, tow foebby-ten foot (10 8. 2 10 56.), twenty feol-by-dwenty feet (30 f < 20
. spacing) and any combiations thereolor range i betoveen, deponding upon the sysiem hydeaulic

design requiremerts. Bosed apon the cunfigwation of the dry portion 14, the network ofsprinkieis

26 inelodos at }m%t.=z§ﬂ&-§y€iﬁwiica§ Iy femicte or hydraalically most détianding spriskleral andar

Tosist Que hydraudicaily ¢lode Of hyduanlically Teast dethanding sprinklerd3; L, the least ipmote
speinkion, el Wthe priteary water ozl valve [Gseparating the wet portioh 12 frpny the diy
porion T4, Gebcrally, 2 sultable sperlder Foruse in a dey sprinkder sysfere configuced provides
sufficient volame, coglingand sontrol for addréssing a five with » surround and deown offtet. Mo
spesitically; the spriokiers 20 are prefbrably upright spepific appieation storage sprivklers having &
Kofactor ranging: from about. 1110 gbout 36; however alternatively, the sprinklers 20 can be
configuretl gy dry pendant sprinklers, More proforably, the ypeinklors hive a nomifel K-faetr of
188, Ayxis undeisiond B the wrl; the nominal Kofactir ideniifics sprinkler dibchains charadteristics
us ovided in TEble 6,2:3.1 of NE¥PA-13 which s specifically incorporsied horedn by fofefence.
Altemmafively, he sprivklers 20 cat be 6f'any nominal K-factor provided they areinstalied and,
configuded In & sysiem to delivor g flowof Thild in accortance swiththe sysfem requirements, Merg
specifically, e sprinkler 30 canhave.a nominal K-fiotor of 11.2; 14.0; 18.8; 198 255280,
36 ur groater provided thar if the sprinkler bags sominel K-Tactor greater thaw 28, the sprinkier
Inoreases the flow by 100 percent Trioréinents when contpared with » sominal 5.6 K-favtar speinkier
28 required its}r WEPA-13 Sedtion 6.2.3.5 whidh is.specifically intorporafed hewin by reférence.
Muoténvel, e sjwinkders 20 tan be spowified In spcordifics with Seotton 121,13 of NEPA~13 which

is yporifically incorpovated hevein by seforence. Preforably, the sprinklors 20 are configored to be

‘Ehermally Diggered at 286°F however the sprivklers can by specified 1o have  tomperatip sating

suitably for thy gheen stomge.ypplication inclnding terperatureratings greater than 286°F. The
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sptirkiars 20 con thus be specified within the range of temperature tatings aid clsdifiealions as.
fisted in Table 6.2.5.1 of NFPA-13 which iy specifically incorpossited herein by reference. In

addition; the sprinklers 20 preferably hoveran operating mressure greater than 13 pei, profieably

psi., even more prefenably ranginy frons abont 20 psi.{o sbout 35 psi, snd yat eves:mure profersbly
saxtgiviy from abott 2 psi. 16 dboot 30 i

W17 Proferably, the Systers 1078 configarsd soras 10 fHelnde a maxitium mabdatory Soid
delivery delay perind and.a sinfinen mandaiory fluid delivery delay period. The mininaum and
sygsitnnin mandatony fluid delivery delay perlods can bo selecied from o range of acceptable dolay
pesiors as.degorthed fn gredtey detail herein below. . The maxivnm misndaticy .?.E'zsiﬁ.-é}@iivwg deday-
perind b the period of time following thermal activation of the at least one hydranlicaily remote
sorinkier 24 tothe moment.of diseharge from the at leastone Kydvaulically remois spiinkier 21 at
systesh operating Pressure, Thir e mndatory fluid delivery delay periedd iy preferably’
befiigarett 1 define o lenith of time fhiliwing the thermial acttvition of the most hpdratdically
wefode sprinkier 21 thdt allows the thermal getivation of & sufficient number of sprinklers.
surroynding the most hydranlically zemote sprinkler 21 that together fornythe maximum sprivkie
operational area2? Sor the svatem 193 effective to suronnd and drown & fire growth 72 as
sehematically shows i FIG. A

At “The wiininem maridatory feid delivesy delay period is the pericdiof time folloving
‘shermiil activation i the st leastone hydraulically close sprinkler 23 6 the moment of diseharge
Fomn the st least aue hydrautically close sprinkler23 af system opéevdting piessure. The minfmuin
mandatidy Thaid delivery delay period i$preferably copfigured to define a kength of time following
the thesal activation of the most hydeaulicadly close sprinkier 23 that alfows the thermal activalion

of s sufficient manber of speinkiers surrounding the most hydratieally close sprinkier 23 fo
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togetiir fornh the fadnibm sprinkler-oparatiohal ares 28 for the dystom 10 ¢ffédtivi to Subronal and
drotvi i {1 prowth 72, Preferably) the niinimidn Sprinkier opersfional dren 28, is defined By n

sritieal suanber-of sprinklers inchuding the mpst hydraylicadly close sprinkler I3, Theoritienl

nvunber of sprinkless can be defined oy de mintmom number of sprinklers fhat oo infroduos water

iste the Storage-avea 70, itipact the fire-growth, yet permit the fire fo continne fo grow snd trigger an
sdditional number of sprinklers so forinthedesived sprinkler operational area 26 for surrdunding and
drowding fhe e growth,

U

With the nuixinseht ind ritmom uid delivery delay perivds.affoctzd 41 the mo@
Bydimabicalby waigle-andiology speinkless 21,23 respectively, each sprinkler 20 disposed betvesn
thewost hydrautically remwte sprinkler 21 and the most hydraufically slose sprinkler 23 bass fluid
defivery delay perivd:in the range between the maximumn mendatory Huid delivery Jolay pe@égar;i and
the minimun mandatory Hubd dolivery delay period: Provided-the maximum-and winimum Huid
delivery dolay perlods result vespeotively it the fusdmen antl tiilniroun sprinkleroperafional dreas
27, 28, the Sotd delivery delay, pevlods of etch speinider ficilitates the formation of e sprinkler
operitional aver 206 fraddiesive five growth 72 with a svrround and:drowh configusation,

g The fuid delivery Helay period of a sprinkles 20 is proferably a fimelion of the
sorinkler distance-orpipe longth Sons the primary water copired valve 16 and. can fintherbe a
{ometion of system volume {ivapped-aif¥and/or pipe size. Altematively, the fuid delivery delay
geriod may be s Rnetion:afa Huid contrel device configured 1o delay the delivery of water frorrthe
pritnaty water control valve 16 fo the (iesrivally activated sprinkler 20. The aiandatory {uid
defivery defay period can dso.bs a function of severalother factors of the systens. 10 ncluding, for
sxainpie, the watef demand, and Bow fequiromenity of water supply ptitps or other componenis
throrighowt the system 100 Todneorporste g speified Huld defivery delay péfiod infe the sprinkler

gestém 10, piping of 8 deteemined lenyth and cross-sectional aren 18 preferably builtdnto the sysiem
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10 suely thas the st ﬁyﬁ}mﬁ%@iﬁ ¥ rémte skl 21 experiences e Taxim e miasdatony fhid
detively delay peiicd and the reost hydiantically close speinkler 23 sxpmiences the minimuom
mgndatory fluid delivery dulay perfod. &lernatively, the piping System {can nclude sy, other
fuid control device such as, for sxamgie, an gocelerator or agcummlator i ordes that the most
Liydrautically remote sprinkler 21 experionoss the maxinum mandatory fluid defivery defay pediod
and the most iydsantically close sprinkler 23 experiences the mintmuts iwandstory fhid defivery
deluy periof,

[e1i Altematively; 10 oopfiguring the systeny 10 such that the most hydrantically sefote
Sprinklor 21 eéperdienres the maximum mandatory Ruid delivery delay pedod and the moss,
hydranlicelly olose sprinkler 23 experiences the minimumreandarory Suid delivery dilay period, the
systom Toan be configured:such that each sprinkler In the systern 10 experiences g il delivery
delay poriod- that falls bebwegn or withir the range of delay deéfined by the maximum mandatory
fluid-defivery detaypariod and the misimom fuid delivery delay poriod. Assondingly, the system:
0 may form o muxiniom spriinkleroperational ated 27 soaller than expeeted than if ihotrporatiog
thé thaxiamim Juid delivery délay peetad, Purthermore, the system 10 mdy experionce g farger
weinitnumn sprinkler operational atee 28 than sxpected Mad Mot Thaid delivery delay peridd
besn employed,

{8112 Shown schematically in FIGS. 2420 are respective plan, side and overhead viows of
thi system 10 fnvthe storage aren 70 Hlustraling various fotors that candmpact fire growth 72 and
sprigkler activation respentie, Thermal astivation of the.sprinklers 20 of the.systein 10 can bea
famotiol of severs] Sictors Including, for sxanmple, heut release from the Fre growth, cefling height
of the storage dred 70, sprinkler Idcation relotive fo the ceiling, the cletdifivation &f the commeodily
50 gnd the-siorage helght of the coprmodity 50. More specifically, shotvn I8 ihe dey pipe apeinkler

Systei 10 inktatled fn the sibwage arga 70 as g ceiling-only dry pipe sprinkler system suspendod
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helow a velling heving ¢ esiling Jeight of HE. The ceiling ven be of sty confignation hicluding iy’
onte ofr o fla{-celling, horizontal ceiling, 5i0ped cuiling or combingtions thergof. The cdiling huight

is proferably defined by the distaxe betweenthe Boor and the underside of the celling gbove for

qond deck) within the.aren 10'be protested, and more prefirably defines themaxdonin gt

between the. Hoorand the nnderdide of the eailing above {orronfdeck). The fudividual sprinklers

prelerably Inchide & deflecnye fooated -t the ceifiity at.d disterce S Libcated ih thestorage srea 70
is i storett comanodity cotifipured g5 Yeormmodity array SO preferably ofa tybe Cowlioh dan

itk dny bre ot NFPA-13 defined Clase T, 1, 1 o TV comrioditss, alterpatively Group A,

Gooup B, of Gronp-C plagties, dlastomers, and tubbers, or-fudthier in the altertative snytype of

‘gorammndity capable of Having iy cobustion behavior charactetized.. Theatray 30 can Be

chascterized by oneor more of the parameters provided and defined in Soction 381 o NFPALS
which i specifically Incorporsied herein by seference. The smay:30-can be.sored to a:stomge
befabt B2 to define o csiting cleavante £. The storage hekght preferably defines thie maimum
height of thestorage. ‘The stitage height oan be slternitively defined o appropriately ehizracterize.
e storage eonfigiation.. Preferably the stordge-height B2 s twenty feet ovigreater. Tn addition, the
sibred apray 59 praferably defines 8 tmulti-row rack sforagearmangement morg proferally g doylile-
xow rack storage aprangement but other storage conflgmations are possible sugh as, fwr example, one

also inchade additionnd storage of the same.or different commotiity spaced atan aisle width ¥ the

sawie ot Hifferent configuration:

0133 Tor identify the mindmmmand maxtiure fuid delivery delay pericds for
inetrpordtion nto te-sidtern 10 abd the-dvallabile radigel Brbetivieh, predietive spifnller sctivation

storage area eeiling heighe. Praforably, the predictive-sprinkler activation response profile for aadry
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speinkier systin 10 in wstorage space T8, For exdingle as séeq in FIG, 4, show the predigied fheimal
activarion tives Tor sach Sgehikler 20 inthe system 10 in résponse to 4 sivulated Hre prowih
burninig-over g peripd of e without the introduction ol water fo altér the heat relsage profile df the
fireprowih' 72, From these profiles, o sysier-operdtor or sprinkler designer gan prediey or
spprosimate how fong # takes to formythe maxiouny and minfmun sprinkier operational arens 27,
28 doserived above followinga first sprinkler activation:for surotding and drowaing o five bvent,
Spoeifying ihe desired makimum and mintrur spriakier bpevating areas 27,28 g fhi
developmet of ‘e‘hep;‘edmm profiley ae deseribed in greaterdotail herein ticlow,

B114 Beranse the prediietive privfiles Indicate the toety thvimally activate any sumber of

sprinkiets 24 o sydten 10, woseh-can vlilize & spfi

ukler autivation profile fo delermive the
iy snd windmum {uid delivery delay perfods., In order{e identify the resxiimum foid
defivery delay period, & designer orothoruser ¢an look o the predictive sprinkler sctivation profile
6 dentify t thve fapse between the. St spriikler netivation 16 the-mdment the nisaber of
sprinkiets fornhig the s peciied vkt sprinkier operattond] dren 27 are fhermaliyastiyated,
Similatly, 1 identify the mhinimuay fluid delivery delay period, a designer o otlter uset dan lodk to
the prediviive spriakior dotivation prifile to dentify the fime Japse bebween the st wiinkier
activation fo the woment the wumber of sorinklers foiming the specified mindmuony sprivkler
{:pamﬂcifmeﬁ aren, 28:ave thermally sotiveted, The mindmum and maximom fuld delivery delay

pesods define 4 range of Muid delivery dolay periods which can be jacorpurated into.the system 10

tor Forrn uf Teastons Sprinkier operdtions] srel 26 in the systein 10,

R LY The-abovs desoribed dry sprinkler system 16 is configuried to {orsinsprinkler
opérationial preas 25 for overwhehning and sibduing five prowthy o the protéetion of stofags
cetupaneies. The inventurs havid disvovered that by using b mandatoty Thild delivery delay period

in A dey spridkier systein, a sprinkler operativna! area con beconfipmed to respond to a fire with s
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sutonnd-and drown corfiguwation. Themantstory {uid delivery delay petiad & picforably a
predicted or designed time peripd-duripg which the.system delays the delivery-of waleror oiber e
fighting fluid o any activated sprinkier, The sosndatory ':{?iuiti;tigtivm'_y delay period for wdey
apeinklet system configivad with @ sprinkles operativhal ared s distinet from the makinmn. water
fhimes mandated ndéy ourtent dry Hipe delivery desig wethods, Spectfically, te sandatory Huid
delivery delay pering snsures watet is expelled fiom an activated sprinkisr af & determised monsnt

or-defived time peripd so ayio-fon.a swrround and drown sprinkler operations] area.

8116} T4 gevtnate the ﬁ;‘ﬂ&%{:ﬁwe gprinkler activation profilés to identify the maxinvum agd
mintnui Huid delivery delpy pociods for a given sprinkler sydtem locatsdd in o stovage spaed 70, a.
Five grtwily can be maodeled o the space 70 and the hegl releage from the fire growthgan be profiled

over thye, Ovet the same Hime period, sprinkierachivalion responses can be-calonlated, solvedrand

photted, The Howehert of FIG, ¥ shiows a preférred provess 80 Tor gencrating the prodictive profiles

of heat reloasss and sprinkler aclivations used in deternining fhaid delivery defay periods and FIG: 4
shows the Hiinstrative predictive hoat release and sprinkle sctivation profile 480, Developing the
prehotive -;}razl-:“z‘ii‘:'s- frichides modeling the somitodity 1o be-proteoted in a simulated fire. soennrie
bswsath w sprinider sysient. Td model the five sondiario, af least theee physical aspeety of the sysiem
te B¢ inadel are considered: (1) the geomettic arrangement of the stenarie baing-modeled; (il the.
fuel chasaeteristivs of the conbustible materials involved i the scenario) and (Hi).sprinklor
sharavieristioy of the:sprinkley sysiem protecting the commodity, The model s preferably:
developed computationatly and therefors to treuslate the storage space from the physiosl domaln.
iin'the computation i%omain;.mhph}esiam umerival charactetistios. mugt-alse bo vonsidered.

0337 Compidtution modeling is preferably perfoinnd islng FDY, a8 dostribod above,

which ban peédict heat telense-frofh & firé growth and further predict sprinkler sefivalicn time, WIST
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publivitions ke crazedtly dvaildble which deseribe the funcHond capabilities nd beguiveriehis for
noddelifg fire scoliiorinFDS. Thede pyblications inelide; NEST Spectal Publivation 1019 Fire
Dimemicy Sivudator (Version 4 User's Gubde (Mar. 2006Y and NIST Special Publication JOI18: Jire
ﬁy;x;;zrziggﬁﬁfrz@{iﬁ&?? {¥onsion £)1 f;)z:fmi‘sgﬁi!igg*éwwz;:_g;{;?gqfcfa (War, 2008) sach of which i
incerporatodinite entimety by reference. Allernatively, any ofber firsmodeling simdlatorcan be.
wseid o fong s thie sirvalator ean predictspridkier activition of detection,

{03181 As ks desoribed in the FDS Tedtnital Refurenve Gaids, FDS is o Colmputations
Eiuid Pynansics (CFD) model of fife-deived Inid flow, The model Solvés numetically a fum of e
Matie-Blokesequalibador lotvepecd, therially didveiy fow with.an smphisis on sioke did hegl

Hanspostdtion fom fres, The partisl derlvativewof (he conservation of imass equations of sy,

‘momentam, and ensegy ave approximated-as Huite differences, and the solutfon 1§ updated i dmeon

s tires-dhmensivnal, rectitinear grid. Acpordingly; nchoded amaong the Tnput paremeters required by

PO e nformation-abiow the tuidwedcal piid. Thefinmerical giid is otievor morg moiiiinesd meshes

‘1o whiel all geowicteic fobturks nnst eohform; Morepbsk, the comptitationd! dontaln isprefiubly

iesevefifted in they atvas withie the Sl ariay wheie bumning ispocdning. Olivide-of %his region, in
Avegs work the computation i Hmbled & prédicted Beat-and mass tsangfor, the goidzan belless
sefingd. Ganerally, the gomputationsd poid should he sulficlently resdlved fo allow at leastons, or
e preférablydwe or three complete computational elenments-within the longitudinel and

transverse: fioe spaces between: the:modeted commmodities. The gze'o? thidtndividugd dlements of the

e i can e wuiform, hovwever ';;sr&fiambly‘;;ﬂw fndividual eloments see ortliogons] Slesments with

the largest side hiving & dimension f@zif“ betiveon 100 and 150 ni’i§§_1ta§ei'éfs,~ ahd-gn aspect fali of less
tian 0.5,
019 Jodlefistsiop 82 of the prodiefive mivdeljrig iothod, the Sotmadiizy is prefersbly

madeld u iy glovier contignpation 10 account Tof the peomenic aranpement parameters pithe.
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siemntie. Those paranieters preferably inchude Jocations and sizes of combustible materisls, the
igndion lnvation of the fire growth, and-vther storage space varigbles such g ceiling hetglt and
enclosue volume, Inaddifion, the model preferably inchudes voriables i&:ss;giiéing storage.amay
a@@pﬁg;;ﬁﬂimm-i;;éi;:ﬁiiﬁg' the amber of agray-rows, amay-dimensions Inchuding commodity-ay
‘elght and sieel an individual sommodity stored. package, and ventlation configurations.

[ T one metieling example, 48 described T the FDS study, an-iipus odel for the
protzetion of Grdup A plegties ingheded mpdeling & Strage arpg of 110 £, by 110 ; veiling heights
sanghig Troo twenty oot o fordy Teet, The coramhodily ’wé;z*smud,%i?ﬁ ay & Hogble row tick stovage
commodily megsoring 33 1L loog by T UZR. wide. The commodity was modeled ol varions hefghis
aghuding betweon twmy-five feet and forty T,

{0121} Invthe modeling stop 84 the sprinkler system s modeled a0 .28 fo lnclude sprinkler
charaeteristion such as sprinkler type, sprinkler location-and spacing, total nimber of sprinkles, and
motating distaney fom thisceiling. The totl physical stze of the computational deivain is
freterably dictated By the sntidipated numberof sprinkler operaticns pricr 1 fluid defivery.
Muvepver, the tuiaber of simudafed ceiling 8nd associated spriikiers are preferably latge enoigh
fush that there sermaing ot Jedst one contintous ring of inaclivated sprinkfers avonnd the-perighery of.
the shmulated oolling: Genepally, extedor wallycan be exeluded from the simulation speb.thal the,
wxsulis. apply to an unthwised volugme, however i the geometry mmder stady To linited Yo &
comparatively small volane, then: fhe walls are preferably indluded. Thesmal propestiesof the
isprinklpf ure also prefirably tchuded suckvas, ft example, furctional resporiss time fndex (RID
anid sctivation seinpémtmt. Mo proferably, the RTT for thethernial slenient of the mwiieled
sgsvinkles s Khovwm prior to it instalistion in the spiinkler. Additional sprinkier chavacteristios van
bedefined for generatinll therinede] including demwils regarding fhe water spiay siveiued.and flow

i fromn the sprinkler. . Againrefordng to the ¥0S Study; for example, 8 speinkler systen was:
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smodeled with 2 fwelve by fwelve frid of Conbral Bprinkler BLORIL sprinklers o 10 & b 10 &
smacing for & totll o 144 sprinklors, The-sprinkders siete modiled with an sotivation winperghure of
e with an RTI of 360 {Ii'i;wseﬁfﬁ; ‘The sprinkler grid in the FIIS Siudy was diyposed attwy
different hetghits fomthe veiling: 10 inches-and 4 inches.

191223 & thisd nspoot $6 1o developing the prediciive heatrelodse and sprinklor activation
profiles pieferably provides shulaling » fire dispused in thie-gomiiodily sforage sy overa gﬁﬁmf
of Yinip. Spebifically, the model can inelude foel chatiicieristics o degtribe the igniton and buming
Sehavior affthe coldbustitile shiterials 1o be moddled, Genersily, to desiribe the béhaviof of the
el ab acbutats deseription of hoat transder info the Tuel is required.

81231 Straslated fiel masses can be troated either as thermally thick, L., 2 iomparature
gracdient is oxtablished thyough the mass. of e soramodity, or-theumally thin, Le. # suiform
tormperatios is petablishid through i mass of thecommiodity. ' Far sxample, In the cése of
cardboard besies, tpical of warshouses; the wall-of fhe '{:mﬁiw‘ai?& o eaih be assumed 't Havb g
oy fempormnd through #8 o108y fectidn, Le: thermally thin, Futl pararactars, chiradteriiing
{hermmaily thin, selid, TUlass A fuals Siehrak the standard Class T, Class T snd Grovp A plasiies,
préforably ncluder () hioat relonse per vmit Arga; (D) specific Heaf; (i) density; (iv) firiclotess; and
) :Sgaiti@n i@mgam‘azim*a. The heat release per unif srea parameter peroils the specifie details of the
frterna struetore of the fuel $o be'ipnored and the total volume:of the fuel 1o be treated as a
hcmogensous mass with 2 known energy outprt based upars e percentage of sl surface ares
predicted to b bumiﬁg; Specifichbarte defined g the ayicuist of Hedtwequired 16 vaide the,
temperatare of one Wit mdsk of the fch by oneunit of fomperathise, Density s the mass per uil
volume o e fiel, and thickness is the thickneds of the surface of the commodity. {gnition
toraperature 38 defined as the temperatoye st which the surface will begin buming o the presence of

an ignition sonres.
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24 Tor fogls which chnnbt be freated Ay therially thin, such abadolid bundle of fiel,
additional praligrative paameters may be roquited. Theslternmive-oradditionsl prrametors can
fuclude therma condusivity which can measurs he abitity of & malerial o condiit heat, Other
paramiotess thay be eduired depending on te specific fhel thutis-being chisractérized, For example,
Higmd Frels need © be tsatetlin o very different ianner than solid fuels,amd a8 a vegult the
parameiérs ars difforenit. Othud Paviingtsrs which ma¥ be specifie foe cortain fuls o fuel
Coptiptrttions tnclide: (romissiivity, whith is the retio-of the iadiation epiitted by 2 swifate 16 the
radiation ennitied by a Wlackbody gt the same ioiperature pnd () heat of vaperization which iy
defined as the amount of heat required i converta.nmit mass of a Hguid-af s boiling petat it
vapor without an itrease in femperatire. Anyone of the above parameters iy not bo fined

values, but instend mixy vary depending ontime,or other externat influence swehas hest fexox

temperanirg. Fov these cases, the Toel parameter-can be deseribed in wmanner conpatiBle with the

ko varkation of the projerty; such s i o tabuder forhat or by Fithng a {ypicaily) diear

‘unithertationd foriction to the pathmeter,

{8138} enerally, each.pallel of commodity gan be ireated as homogeneoys package of fusl,
with the details of the paliet and physical racks omitted: Exemplary combustion parsomters; based.

an communiity.olass, ave summacized in the Somibustion Parsmeder Table below,

Combustion Parymeter Takle

$iasg i

Clase i

Groun A Piasts

Hoat Release por Unit Area Hiiim

170180,

F80-180

;5;{}‘

socific heat'densitythickness (m)

1

0.8

i

fanifion Jemperatule (G}

57

470

574

{9136}

time v provided in steps 88, 90, “Thecsprickler activations may be strubianeons or sequential, Itis

From the fire sinmiation, fhe FDS software or othep-computational vods solves for

e hentt réfesse and wesvlting hoat offtars ineludingone or more sprinkler activations for each unit of


IP-TEMP
Rectangle


16

sueag

s

52

to hefurthervadarsiood that the heatyelease solutions define addevel of fire growth through the
stored comrmodity. 1t is Darther undorsiood thay the modeled spritklers are thevially setivaied in
respomise torthe heat relense profile, Therefote, for-a given Fre giowih theré s a cotresponding
nnbey si‘.}f:ﬁ?ﬁn}éé@‘?& fhis are thirmally defivated o open. Agsin the simulition ﬁf@féﬁﬁiﬁ?}f‘ﬁi‘oﬁé@?
that dpeosn sprindder-activation op witer iy deliveied. Muodéliog thie sprinkleds withou thie. dischargy
af watlr ensuroy e e bopd releass profile and thérelom fre wiovthis sol giered by the
itroduction ulwalés, The heat telease and spiikler activition solutions are Qre‘i"ﬂ_m&iy plotted as.
Hme-based predistive hoat releass and sprinkleractivation profilos 400 o steps K8, 90 sz seen, for-
example, in FIG 4. Allemnatively-or in addifion to the'heat redease and sprinkleractivation profile, &
subiematie plot of thesprinkler activations can be genetaredl shoving locationy of setivated sprifiders
reflative torthe stovage arvay and ignition polt, thie.of activation aud heat releags it tite ol
Aotivation

Bz Prediveive profiles 400 of FIG. 4-provide {lustrative exanples of padictive heat.
rotease profile 402 and predicive sprinkleractivation profile 404 Specifically, predictiveheat
reluass profils 402 shows the staousd of antigipated heaf rofease in the slorage area 78 over fime,
mpasied iy kilowatts (KW, fom the stored commodity in amedeled fire sconadb. “Theheat
vefease profile provides acharacterization of a fire's growih as it burns througloshe commodity aud
wan be messured th othér wigof gy such as, for ﬁ?{éﬁm}f&, British Thoemal Uiits (BT ‘L}a} Tl
fire woiodle] prefeenbly dhbracierizes 4 fire growth burning throngh the Spduhodity $G i the'storage
aven 70 by sobying brihe chalyge'in abficipated of i@ﬁi@uiﬁ%&a{i heat réledse.ovel divie. Predictive
sprinklel activation profile 404 is-shown to prefepabiy itsinde a point delining adesigded or usir
speciffed maximem speinkder operational arew 27, A specilicd makimum-sprivkler operationa! arey.
27 cam, Yorencample, Yie-specified o by about 2000 square fevt; which is the equivalent o fwenly

&

(24 sprincler activasions based tpon a ten-by-ten foot sprinkier spucing. Speciying the magimum
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speinkler npetativemtareh 27 I deucribied in grdter detul herein below. Sptinkler selivation profilé
A shows the misximnidn fuid delivedy delay peiiod A, Tiud zerd, . 1§ pforebly define by the
sioent #F nitial sprinkler agtivation, snd preferably; themadimum fluid deltivery defay period
Admaris measared Somy Hine zero &, 1o the moment al-which eighty I}‘-}G&‘Gt’,’nﬁ,(ﬁ,ﬁﬁ?{;} of the user
sponified mymdmum sptinkior operational aren 27 iy aotivated, as seen in FHY, 4. Juthis-exanople,
elghty percent of mwtinum sprinklerogerational aséh 27 ocours i the point of sixteen {16) sprinkler
activitions, Moasured Som time 2610 &, this Maxininn S defivery delay Piziod Ay i aboit
twglve Stoonds, Bilting the ot fdd delivery delay porfod at thie point o tighty porcery
miaxingm sprinkler operations] avea provides Tor a buffwing Hme to allow for'waltel Introduting
fisto the system 10 and for-bujld up 6 fystom pressure. upon discliarge from the yegxinmpm ﬁﬁiﬁ?kiﬁr
epesational area 27 e, compression. Alleraatively, the maxbum Tluld deltvery deloy pesiod S
can b defined af the moment of Y00 thermal activation of the specifisd maximum sprinkipr
operational area 29,

iB125] The: ;}rﬂﬁ-‘wﬁ%@: sz@%ﬁ.iik}.t;r adtivation 402 aleo defines the point et whisli & mininurg
sprinklor opsrational aréy 2R i formed thereby further défiting e minimuam fhaid delivery défay
pordod Abs,, Profbrably, the minivim spfinkier-operational arca 38-is defined by-@ oritival howber-
sprinkler activations For the system ¥4, Theeritical number of sprinkier activations arepraferably.
defined by g oxinkmusp nitigl spriskler operation area that addresses v five with & wajer or Bouid
discharge to yhich thy five pontinues 1o grow In tespenss such that a additions! number of
sprinklers are therniiy-activated oformiacomplete sprinkier sperational avew 26 Tor.a sueround
ancd drosvn configorstion. To introduee watet into fisslosage area prior 1o-the Birhation of the.
oitioal mmber of 'sfgn:iizklgzrs‘ may porhaps. iinpéde the fire growth thereby preveniing theomal
gofivalion of oft the critical sprinkleriyin the miinitrim SHrinkler oporutional areh. The critical

sunshet of gprinkierictivalions are preféably dependent upon the-heighi-of the sprinkder system 18,
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B bxansple, whare the ekt to i sprifddér system iy oo than thirly feet; Thee critical number of
spivinkler pafvgtions is shont twé o fouw (2-4) a;nmﬁcz:a Ju Storape-arcas where the spdinkler
systern fs-dnslalled af 5 helght oF thirty-feet or abowe, the critfcal muaberof sprinkles acttvations is
about four spiiniess, Messirgd fromy the first predicted sprivkler activation at Gme zero f, the time
1o redicted aeitieal sprinider activalion, Le.two s Bur sprinkler activations-preferably defines.the
minimngs mantiaery Skl dedivery deliy period My, b the example of FICL 4, the mintmum
sprinklor sperationa] wris fe defined by four-sprinkler activatiove which is shown ds belng prediocted
- ovdur Bifowiy o sinidin Guid dolivery delal pertod A2 D aboud twir to tHreé Ssconds
128 Ag previousty desorthed above, the minkmum andlmeximen Thidd debivery-delay
periods for wgivensystem $0roan be seleoted From a range of avceptable fluid delivery deluy

verieds. Moze speciifoally, selection of o minimum mnd a maxinon. Hoid delivery pertod for

oy

fnvotporation fnto & physical syster 10 con be such that the oinironn and Sedimun Sud defivery
delupariods fall jnstde the range ol the Al RO A je Jéterntined frofs the profiotive spriskles
activation profifes, Aveordingly, frstich a systeni, the matinum water defay; betg less than &,
unider the predistive.spribider attivation profile, Would resolt in o petiinum dprinkler ogerationsd
avon 1Sk than the mbxinmum apceptable sprinder. operational avea ander the pr;s;ﬁ'ic—t%w sprinkier
activafion profile. Tn addition, the mintmur fuid delivery delay petiod being preater-thary M
under the predietive sprbkleractivation profile, wonkd resull i a mindmum sprinkler sperational
ares groster Than the-mininsum geceptable sprinkler Qlﬁﬁ:riiiiﬂll&?::ai‘ﬂﬁ'-‘i,ii‘it‘.bt?ih@-;{ifﬁidi{‘-ii:vﬂ spriakler

activation profile.

'Eés@igg To Verifh Sidtem Optration Based Ui
.ﬁwimi

18130} The inventpts bave comditefed Hre tegts & verily that dey sprinkder systoms

configured with s mandainry fiid dslivery.delay vesnlied in the formation of a sprinklor operational
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wten 26 10 suecestfully nddpss the fest fire 38 0 Surforsd and ot configumlion. These feste were
conducted for-variows commodities, storage ;.;Qnﬁg(i;rﬂliens‘ and storape heights. In sddition, the
fosts werer candnoted for sprinklor systoms instalied beneath cellings over a range-of veiting helghts.
fhisH Ageinaolorring to FIGS, 14, 2B'and 2C, an oxemplary jost plany of o stored
womssodity nd dey sprindler systim can be constivoied as schematically shown, Bleulating a
storage area 70 i prevdotsly deseribed, e test plant ineludesa dry pipe sprinkler system 10
instalied as b Sefling-6udy dry pipe speinkier system shipported from 4 ceiling al o height ol 7Y, The
systern 104 proferadl vodsirpeted with A network of sprinkler heads 12 .de_sigm& ona gridspacing
soeay 1o.delivera sprcifiod pomina] discharge density Daba nominal discharge prossure £ The,
dividual sprinkiers 20 profoedbly tnolude a deflestor located from the miiisggaﬁ a distance S,
Loeated inthe exemplary plont 52 stored commuonity atray 50 of @ type C which o inelude any
ane of NEP A3 defined flass |, 11, or 11 dotwhodities or altematively Group A, Group B, o Grovp
C p?astié,*;g elastotmns, ahd .i“t‘i?ﬁ'bﬁ:rs. The arvsy 50 gam be stored to a slorsge height 17 to defive s
e preferably a doublérow Sotdge artangsoient bt gther stotage confipnrations arepossibie. .
Also inéluded 1 at loast one farget arvay 52 of the sawe-or ofher stored commodily spaced shout or
adjacent the wiray 30 at ap.alshe distagos W, A seenvmore.specifically fn FKE. 2C, iBe stored ormay
56k is stored heneath thegwinkler system 10 preferably benvath fur.gprinklers 20 iy an off-set
vonfiguration.

15133} Prodictiviheay r&fﬁs&s}é-ﬁﬁ& sptnller aithvation gfré“ﬁ feg oan be gendsaisd i {he teisk
plant to identily indmmrand maximie fuid delivery délay. petiods-and the vange in Bebweds' {of
ihe system 10 and the given storhge oveubancy-and slofed comenbdity confipucations. A singly fuid

%3

delivery delay period At con be seledted Tortesting to evaluals whethey incorperating the selesied
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ekt Tuid delivery delay into 8 sygtem 10 geriinted 5t foast one dptinkler-onerations] aies 26 dver,
the test fire offective to pverwhelm and subdue the test fire in o suzovnd angd drown configaition. |
{0133 The-five fesboan be inifated by an ignition i theistored mray 50 and pemitted to yun
foraisst Q&é&mﬁf Doring the fost period T'he aeay. 50 burns b thermally activag one ormere
sprinklers 12, Floid delivery o sny-of the activated sprivkles ferdelayed for the seleeted. fuid.
delivery detay perivd As 1o permit this five to born and thisrdlly detivate 2 ntimber ofsprinkless. 1
thie ost vesults i thesuncesstnl sutround-and diows of the Bre, the résulting §6 of aetvated
spidikiers &t Heend O the fidd delivery delay perfod define tHe shrinklior opetgtionel ated 26, At
the-end of the test perind 7 the number of activated sprinklers Rurming the sprinkler operational area
26 can b vounterl and compared 4o the nussber of sprinklers predicted to be.activaled uf fwe Az
fromy i‘&{s;.‘;:zizadiﬂii@e':s?zéinkier awtivation mofile. Provided below ik wdiseussion of 'sﬁgm ot
scenarios wsed o Hlostrats the cifect.of the.feid delivery delay to-efféatively fort s sprinkler
spevationn! arca 36 for dddressing a e with & swironid and drowh configuration. Dutatisofthe
tosts, theld sebap arid resulty dee provide it UL, test report entithed “Fire Porformpnct
Commodities Using K-16.8:8privkder: Technioal Reporl Underviritess Lnboratories Inc. Projeet
GONKO3ELS, BRABSFY for Thoe Phe & gtﬁi?ﬂii‘i‘g,‘?tﬁ;’}ﬂuﬁiﬁ 06-02-20067 wiichds inoorporated herein
s it entirety by refbrence,

EXAMPLED
{3134 Avspeinkiersyster 10 for the profection.of Class 11 storage cotmmodity- was
vonstracied as atest plantand modeled i penerate-the predictive heat refonse and sprinkier
activation profiles: Thi test plantroonymessured: 120 Rox 120 R and 54 8 high. The rest plamt
fnchaded 2 100 £ % 100 fo-adjustable height wetlug which periitted the teiling height of fhie plan

L

{0 be varisbly set. The systomparambisns fniclutfed Class 1§ crminedity inmultipherow ek
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arcangoment sored 1o 8 height ¢ abowt thiviv-four feet (34 1) fovaled tna storagegres having 8
catling height of about forty feet (304R.), The dry sprinkler-system 10 inchuded ope Inndred 16.8K-
fautor ppright spedifie application Storge sprnklers 20 having a nominal RTT of 190 ?;i’éwsee.,fii anda
thevmal sasig. oF 286 ¥ ot tem-foot by ten foot (1. 10 ) spaving, Thevsprinkler system 10
was Josated shiour sevin inthes {7 1n,) bencath thie telfing and supplict with » loped piping systén,
The sprinkler systerm 1D wad codfigmied fo provide o Hold delivedy having g nomingl discharge
a8 This test plant 'waé modeled to-dovelpp the prediciive heal releasé and spfinkley
activation profile apgeen InFIG. 5 Prom the prediclive profiles, cighty percant of the specified
soaxisnunn sprinkler operational evea 26 totaling about sixicen {}6) sprinklers-was predisted to
followinga mewdmem thid delivery Jelny period of about fortyseconds (40 5.). A milsimuy faid
deliviry delay gerfodiof abiut four seconds (4 5) was identified 45 the thme lapse o the predisted
theriial actbvation of the minithue sirinkler é:;a&i‘aﬁciﬁ;aj. aven IR Tormed By four oritieh] sprinkers
for the given ceiling helght B of forty feet (40 11,5, The first sprinkler-activation was predisted 1.
oot at abowt two nuinutes-and fourtcen seconds {2:14) afferdpnition. A fluid delivery delay peried
of thity seconds (30-6.) was selected from e range between the masinruryand mintsum foid
delivery delay petiods for testing:

{156 Torthe fest, plant; the main 2ovumodity array 50 awd $y geometre conter wis stored
tencath fove sprivklors th an offset configuiation. More specificilly, the-uain dresy 54 6fClass 11
wmmaﬁ%&g wiis stored uptn. idistiial mcks. m{ﬂiﬁgﬁggﬁ;&i"&_pri_ghf #id steel beam cdonbtrudtion, The
328 Bon by 3 1 widevadk mimberd wererdngoged 6 piotvids 4 multiple-row matn rack with four
¥ {1 bays-and soven tors in fouif rows, Beam fipy were:positionad in ihe sacks at vertical tey
helphis of S ft. increments sbove the Hoor. Acsingle-target aray 32 wayspaced af a distance of sight

foet {8 {4y from the main aveay, Thetarget amay 52 consistad of industiial, stoplesrow rack ulilizng
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sieplrisht and stesl beam conStvuetion, The 32 1) long by 3 8 wide rack dystesn as dvdnged ©
provide asingle-vow tarest rack with (e 8 . bays. The beam tops of thereek ol the target seray
5% wew positionsd v the flooraed at SR, ncraments.aboye the floor, Thedbays of thematnand
target arpye 14, 16 wers loaded fo providea nominal six inck i@ngﬁvﬁinai and irapsyerse fue spate
theoughons the aeray: The maln and wepetsmay racks were approsimately 3% feertall and donsisted
of seven vertioal bays. The (s I comisodity was convtentted Fom double i-wall corrigaed
catdboard sarions with Five sided sleal stiffenets nserted for stbility, Oaler edritm mdasiwenmoits
were o pomidal 42 i wide x-42 In, Tong % 42 In Wil ona singléndminal 92 n wile s 43 In. lng .
S ] hardwood two-dray entry padlet, The double frlwall cardbourd carton weighnd about 84
e and sach patiet weighed apmoximetely dbout 32 1s, The overall storage heighi was 34 442 3w,
fromadnally 34 1.3, and the movable cefling was ses to 40 ft,

137 Anactaal fire tost was Initiated twenty-onie inchos off-venter from shie center of the.
il abay $4 and thie tostvias tun For  test period Pof thirty riiinutes (36 aund. The lanition sourcs
wittrtwo hatfstandand celluldss cotion igaiteds, The igniters weére donstrizuted frons a thires fnoh by
three inch {3 o x 3 1) loug celitloge bundle soaked with 4-0z. of gasoline-and wrapped s
polyethiylane bag. Following thermal activation of the fivst sprinkler jo the systom 10, fluid delivery

sod discharge was delayed fora period of thivtyseconds (30 5.3 by way of & solenoid valvs lovated

afierthe pmary watercontro! valve, Table | below provides a summary. tible of both thy madsl

and sost paramotivs. I adldition Table.I-provides the predicied sprinkler-sperational aves and fuid

delively. dolav perind et to the measured Yesuits fiom the tost,
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Yabled

Stevage Type

Hack

. | Multiple

Row
Raek.

Conmnodity Type

Class 1

Clags [

Nowinal Stopage Height (M}

(LR

AR

“Nomial Cetling Helght (H1)

4R

4R

‘Newoital Cleardnoe (1)

Gt

g

fenition Losation

Lnder 4,
Ol

Uhder 4,
Offeet

“Tomperaiure Raling °F

286

ey

Zx oringl $ frien, (lasy Bulb.— Response Time Index (Fsed) ¥ |

186

154

Dreflector o Ceiling {8)

7in

745

“Norginal Sprinkler Discharee Coefficiont ¥ {opmipst ™Y

168

98

Nominal Discharee Prossure (psi)

22

Mousinal Dischargs Density (epmifey

079

80,99

Alsle Width (W)

E3i

aft

Sririmidér Spucing (K x &

W0 10

01l

Virst Ceiling Sprinider Oporation:(ming)

Water 10 Bprinkderns (i)

Numbérof Sprinkiers at Thme of Fluid delivery

Approx
13

Last Ceiling Sprinkier Operation (mids)

Syitertt Pressuvegt 22 psi

Number of Qpaydfed Celling Sprinkiers st Time of Syster:
Prossuss

i%

Poal Gus Tomperatdd at etling Above Ipnition °F

Mgddrman T Minue Average Gag Tempergture at Ceiling
-Above Tanition °F

Peak Seo! Terppdrature &t Ceiling Above Ignition °F

Maxboum, I Minate Average Sleel Tomperature Abbye
Ighition *F

Five Sprend Acthss Alsle

Firs Spread Beyond Fxtrenstise



IP-TEMP
Rectangle


o

i

60

3138 "Phis $est regidis verfy thal u spevified fluid deliviry of Hiry. Seconds (3 see) éan
modify » {re-growth to adtivale 5 56 of sprinkleryand form g sorindder oporational aren 26 &
addeess.a fire o o sursonng fmd drown configuration, More specificdily, the prediptive sprinkler.
acfivation profile identified o fire prowth resnlting in about ton (10) sprinkler aetivaions; a8 shown.
i FIG: 5, immediately following the thivly second fluid delivery delay pariod. 1n.the actuel fire test;
ton {10} sprinkler activations resutied follovwing the thirty second (30 sec.) fluid defivesy dekiy-
period; &8 predionid. Knadditional forrsprnlisey were activared in'the following ten sébonds €10
see. Yot which polut the sprinkler systont schioded the discharpe.pressure of 22 pal. {o Sipnificangdy’
irgpact five growth. Accordingly, a tolal of fownteen sprinkiars worg aciivated to fomn a sprnkler
operativnal avea 2 forty seconds {40 sed)) following the-first spiinkler activation. "The model
predicted vver the sume Torty sepond perod swsprinkler setivation total of about nineteen speinklers.
The correspondence between the modeled and actual sprinkler activations s closer than would
appéar-dueto-the faet tha th finad theoe of the ribitesn sotivated yprintders In the woede! were
prodioted 1o aotivate In g thirty-ninth second §;£tk"f& forty second perfod. Furtier, tie model
privides & congefveiive velult Ih that the model does nof fecotmt For this trangition period utween
the aitival of delivired water & the' sprinkler pporational atea 1o the e full dischacge protsurs i
achieved.

ﬁ}?&ﬁﬁ‘{} “The: lest resulls show that a ﬂﬁﬁﬁﬁﬂ}f predicted fnid delivery delay resulis o the
formation ofan actual sprinkler c}'p'e.z?_at‘i'imzai aves. 26 ruade up of fourteen activaled sprivkders which
efeutively addvessedd the firg ay predicted as evidented by the factthat the Tast therna! activation of

a sprinkler ovenitned Ji-fust-over 3-mihutds from the somient of ignition snd o aiditiondl sprdider

-agthvations ovonrred for the neXt 26 minuted of the test peifod, Additional features of dyy sprinkler

systam 18-gerfommssios werg obstrvad soch as, for-example, the extont of the damiipe to the
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somnmodivy or the behuvitr of the fire relative io the slonine. Forthe festsurmairizgd i Table 1, 1t
wag.observed that. the fiv and damagevemained Hmifed o the: main commodily amay 30,
L Shown i FIG, SA ivagraphical plot of the sprinkler activations indioaing the
focation of sach actudted sprinkler relasive to the gnition locus: The graphioal plot provides an
indizater of the-smount sfspiinkler skipping, any:. Mote'speciieally, the slobwiiphiaally shows
the someentris-fings-of spkhikler adtivations proximste the ighition Iucus, and s Jocation of
wnachuated sprinklers within one'or more rings © indicate a sprinkiy'dkip. Acediding ¢ the plot af
FEG §4 correspondisig # Table T there-was ne skipoing,

EXAMPLE?
LTS Tr & sepond fire test; a sprinklorsystehs 10 for the protection of Class TH Stovags
cofomadity was modeled and fostord i the (st plant roorn.. The system parsineters ineladed Clags
¥ commodity in adouble-row rack: arvangement stored to 2 height of abosit ﬁ)ia:*gy:féfmﬁig {308/
located'in o storags arew having » colling heigh of dbout thirtyfive feet-(35 ). Thedry sprinkler
systein 10 incloded ong hundred 16,8 Kefhictor npright specific application storage sprinklers fuving
& onivial RYE of 190 {8-ses.)" and a thermal rating of 286 °F on ten foot by ten foet (10U % 1D fy
spactig. Fhe sprinkior systott was fovatéd abbwt soven inches €7 in.) benvath the ceiling,
{51433 The system I wis modeled as tormidlived 1o develop 2 peodictive heat refonss and

sprinkier aattvation profils s seenin FIG. 6. From the preffictive profiles, éiphty petcerit ¢f the

adeciprem sprivikler pporational aren 27, fotaling shoud sixteen. (18] sprinkiers was predicted to.oocur

festlowing = maxinauny fluid delivery delay perind of about thirty-five scoomdy (35 8. A mintoum
Huid delivery delsy period of about five sceonds (3 8. was i&.émiﬁc{i-as,ﬁm' thwe lapse fo the
predicted Sermsl sotivation of thefour oritical sprinkless for the given veiling height HT of fhivty-
tvi foet {35 L) Thefiest sprinklerdttivation was predicied (o oceur at sbont ose miinute and fifty-

fve seconds {1:3%) after jgnition. A fuid délivery dolay period of thirtimthred-seconds {33 £) was:
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selented Trom W ragplibetwacs the thexhoyend niiidiuy fd delivery. delay perigds foe
testing.
5143 i the tost plastt, The maineompmodivy- array 5§ and i geomsiiic confor was stored

beneath four sprinkiorsdn an off-setconfiguration. Morespeeifically, die madn avay 54 of Clags 111

35

sommsodity was siored spon industial sacks uiihizing steel upright-and stesl beam constroiction. The
%24 fong by 3 To. wide rack wembers were afrtnged to provide a doublessow maln rack with four &
. bays. Doam tops wers posifioned i the 186ks 4 vertical thor lietghis of 5 £, increrhents shove the
floor, Twe barpel arravs 52 vwere each spacid o & distande of cight fet {F1L). about the mals brray.
Bach tavget grvay 52 vdnsisted of dustiial, single-tow rack wiiliving stoel npripht snd steel boun
W construction. The 32 . long by 3 i witde rack systems was arronged 1o provide s:singlo-row targe;
sack with-three € 11, bays, Thebeany lops.of the rack of the target seray. §2 were positioned on the
ooy arsd 8t -1, Incvements above the Boor. “The bays of the main anfl target artys 14, 16 wete
loaded to provide & notinal si¥ inch longltodinel and tansverse fine spice Swonghont the atkay.
The maty &id targel sray vadks were approsimatcly 29 feor wll and dongisted of wix vortival bays,
15 Thestindgrd Clagg B commadity was oohgiraoted fom paper-cups {empty, 8 o2, i)
somparimenied in Smgle wall, cormagated cardboard carlons medsuring 2130 ¥ 31 In.x 21 . Hagh
catton:coniaing 128 w:mw Tsyers 68 23 oums. The compartmenialization was sccomplished-with
single wall corngaod cardboasd sheets to separaterthe five layers and verticel InterlosKing singhe
wakl cormugated sardboard dividersio sepamte flig Tive rows and five columns of sach Jayer. Fight
3 cartons abe foadell on & tivbeway hardwood pallet, appiokimately 42 i x 42 in. 25 in. Thepaliet
weighs dpprokimately 119 Ihs.of which shout 20% is pagiér cups, 43% 15 wood and 37% is
corrugated oardbornd, T overal] storage hejght was 30 £t,, wnd the miovable veiling was et 10 35

&
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44 Anbctuml fre tost was nitiated tventy-oné tnches offeestter from the déntarofithe
migdn array 114 and the testwas vup for 2 testperiod 7 of thirty minutes (30 min). “Fhe ignition
sonree were two Satstandard eollulose cotion igniters. The pabterswers constroeted fronre hree
tneh by thvet ineled ik 3 3o) Yong seliiloss bundls soaked with 4-ci5 ol gasoling wnd wrapped n
poiyethylens bag. Following thermal wctivation of the frst sptinkler in the ayster 16, fuid delivery
and dischirge was 'de:fiayaci fot aperiod of thirty-thide sesondd {33 8.)by Wway of a solenpitl vatve
loonted Aty the Privary water&oaledd valie, Table 2 below provides asuonary table of both the
fodel dnd testparimeterd. Iraddition, Table 2 provides the prodicted sprinkler eporational aren 26

and selected Ruld detivery delay period nextic the measured resulls from the fest.
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Table2

- %:}anbit Rﬁw mzshie Rew
&iamgg i:* Be Rack, Rl
........ Commodity Type Class 11 Class 111
IN’Qmiﬁai‘ﬁ.‘ﬁma‘agaji?i{?igﬁi {H2y 304 38R
Tominal Ceiling Height (1) IR 35 4
Nosinal Cledrange (L) S8 i f
fanition Location i?;i;f e
Temnperature Rating °F 286 18
Roniioal § tnm, Glass Bylb - Rcs;mnw Time Index 190 190
- (f-siec} :
Dedlecior to Ceiling (3 Fin Tin
Nomiual Sprinkier ﬁimhm‘ga Coelficient & £%.9 168
{pmiost
Nominal Diseharge Prossure. (o8f) ey 22
Nowidnal Discharee Density (gpm/i) 075 .79
Alsle Width (W) §8 &
"313%‘11‘21\&&‘ &;&mﬁg §i X £t} 9w 18 Hix 18

3 ’%L

Lomoth of Test. {mmm} 3& i}i} 3 i){}
Pirst Coiling Sprinkler Onuration (wmims) 1,55 2:03
Waterto. Sprinklers {mins} 236
; A 3 T -y .y . "'h} X A’ e
Nuraber of Speinklers at Time of Fluid delivery A f éﬁ\“ 1%
Lingt Qoiling Sprinkler Openation (nlas) 203
System Prosgure at 32 psi 240
Number of Operated Ceiling Sprinklers ot Time-of (6 15
_ Rystem Pressue §
Bonk Gas Tomperatuseat Ceiling Above Jgaition °F 1738
Mazimum 1 Minute Average Gas Temperature af o
U e 1404
Celling Above fenifion ®F
Peak Steel Temperature at Celling Above fgnition 506
.QE‘J‘ peid
Maximom I Minmae Average Steel Tempeature »
h or 06
Above Lgnition °F
Piry 8pread Agross Alsle No

Firs Spread Boyotd Bxitéminss
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{3145 Ve prodictive profiles identified 8 138 growth vorfesponding fo'a pradiction of about
fougises (14} sprinkder aotivations following 2 {hirgy-three second fnid deltvery defay. The actual
fire sest resnlied in 16 spelolier activafions immediately fotlowing the thirty-thres second {33 ¥ee.)
fltdl delivery delay perind: No additiona] prinklers were activatst i flie subsequeint the seconds
(2 seb) at-which point the sprisikler systest sehioved the dischatgs pressure of 22pst 10
significanty tmpaet fire growih,. Apsordingly, o total of sivtecnsprinklers wetbactivated fo formra
spiinkier operdiicnal aveh 26, thivty-1ive secoiids (35 set) Tollovddg the Hrstsprinklér aclivation,
The model fredicted ovor the same thirty-five.sccond perind, a sprinkler activation total also of
aboul sixteen sprhdkders as indiogied in FIG. 6.

{146} Baiploying « taid delivery delay perod in the system T0 resulted in the formation of

 an aepual sprinkler eperational ares 26, made up of shresn £16) awtivated sprinklers, which

sifortively addressed the fire s pradicted as evidenced by the fact that this lastthermal activason of
aspriskler seoursed i just undet fise mitnates front the moment-of ignhiion. dad o sdditionsl
sprivkier activations véourred for the next twinty=seven pinutes of the text perisd, Additiopal
featires of dry sprinkier system. Zzi}.pmf&smmme werg observed such as, for example, the extent of
the-damage o the comumodily or the behavior of the fire relative to the siorage. For thetest
summarized i Teble 2, ¥ was observed that fhe fire and domage remsined Hadted to fhe main
soymmedity army 4.

19347 Showwen tn BI8. 6A iy the graphical plot of the sprinkler settations indicating the
location of back.actinted sprinkier relative fo the fnition Togus. The grapiriont plot showstwo
Conesmide rivgs of sprinklet detivition radially emaditing ffom the igiton [oois, No-eprinkisx

skipping i observed;
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EXAMPLES

481 T v thiied firetest, o sprinkler system 10 for therprotection of Class Histrage
sofamodity wis modsled and tested i tie 1ot plant rosm. The systony parameiess fibluded Cluss
1Y eomtnodity y o dobblé-row rack arbangeindnt siored 1 a héight olabout foty et (O
focaied B a-storage ares having o colling height of dbout forty-three foet (42 1.3 The dry sprinkler
system 11 inghwled one hundred 16,8 K-factorupright specific application storage sprinklers having
& nominal R of 190 {f-see, Y and o fhermal rating of 2867 on ten Toot by ten Yoot (10 H: = 10%)
spacing, The sprinkler systeny wan lovatud shout seven inches (7 in.) beneath the ceifing,

] “Fhisteist plant-was madeled a8 normalized to develop s predietive hoat rolease-and.
spvinkier astivation frofile ay seen i FIG: 7. From theprodictive profiles, eluhty peroentofthe
speeitied maximpiy sprinkler operational area 27, wialing offaboit §xteen (16} sprinklers, v,
pedicied to ovonr following a awximen fhuid delivery delay period of abowut thirty-nine seeonds (38
s A rinimon fuid delivery-delay period of about wwenty 1o about twenty-three seconds {20-33's.)
was Kentificd as the fime Tapse fo the predisted thermal aetivasion of thy fowr oritical sprinklers for
the:given seiliog helght A4 of forty-three feet (43.81.), The first sprinkler sctivation swas prodicted fo
viseur at about ot mitute i Sity-Bve seconds (1:55) after {gnition. A fluld deltvsey delty period-
ot tvety-ong seconids (21 8.7 wasselected from the rbge bitvedeh the mmiiindie ad wininmh
it delivery delay pefiods for festing.

{B156] i b Test plant, the reain commodity artay 5O and Hs geometito venter was stored
hengath four sprinklersdn an-of feoy copfawation. More spesifically, the ety array 34 of Class 1Y
sommadity way stored wpon industrial rcks utiizing steel upiight and steel beamoonstruetion. The
32 {t. forig by 3 ftwide rnek merbers were arranged to providi:a dauble-row maln sack withfeur 8
. Bays. Hoonvogh weis positioned i the tacks al vertical tier hefghty ol 5 1. iricrenionts above: the

)

flovs. Two taxget dvays 52 were each spaced-at edistance of sight fest (8 £ty about the praii dtray.
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Hack {atest ansy 52 condisied of iﬁéiizsti‘ria.l;. "ai?in'g‘glgerma}- ;fia.c'ie";fiiiizéng stoed upright astd stee hedm
popsfraption. The 331k lohg by 34 wide rack systeni was arranged fo providé-a:sihde-vow taiget
rack with theee § 8, bays, The beam tops of the rack of the taxgeﬁmyﬁz'wga'@ postioned o flie

Bogr and:at 8 &, increments sbove thefloor. The'baps of themain and target amays 14, 16 were

fonded toprovide & pontngl shyvinch longitndnal and tansverse flug space tronghouwt e aray,

The ttain snd taggel areay recks were approsimately 38 feorwll snd consisted of elght vertival bays.
The standard Class 11 commodity was tonstricied ffom paper cups (baty, B o2, e
sompartnented Hatagle will, totrugated vardbdard cattons measuing 21 I x 21 Inox 21 i Bach
cavtan-oohtEins 125 aups, § Toydferol 25 wips. The comparinenialization was acdomplished with
sifighe wall ¢orrugated cardboard shestsito seperate the five Tayers and vertigal ipterionking stgle
wall porragnied cardboard dividers to separgie the five rows and five edlumng of each layer. Bight
cartors ave foaded ona two-way hardwood paliet, approximately 4200 142 fa. x5 fn, The paliet
welghs approximately 119 s, of witich about 20% s paper eups; 43% Is wood and 37% is
corrugated cardboard. The svirall storage heighvavas 39 &- Tin. g};-ti“&m.imﬁy A 1, and the
ovableceiilng fab set fod3 8,

s Asyactoal e lost wdb toilfaled Ywenty-ong aches offcontor from the center’of the
ydin arrity 1104 and he 1ost was vob fora fest petiod T of thivty minafes (30 min). The igfition
soures weye fwo halfstandaed collniose potton igniters. Thedgniters wore constructnd from a threg
inch by three fuch (3in.x3 u) long wellilose bundle soaked-wifh d-ox of gasoline and weapped In &
polyethylone bag, Following thertmal astivation of the, first sprinklet ivibe sysiem 10, fluid delivery
wid discharge wos delayed Tors poriod of tiventysone seconds (21 &) by way of u solenoid valve
located aftes the pritary water donteol valve, Table 3 bulow provitles a sunomiary table of both the
smiodel nd fust patamiters, Fhaddition, Tabls 3 provides the piedioted dprinkler operdtional ioa 28

aid selevted Anid delfvety delay period noxtio the tneasured resuliy fom thit tes,
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_ ¥ huid di,iwery_ I)ciw i‘mmi'(&si} N

I;«tﬁ{;ﬂ? of Tt,si {mm.s}

T [}ﬁuhin Ruw ‘i}mﬁ}is Raw
.......... Staraie Type Rack Ravk
Commuodity Typs. {lass 1 Clagy I
‘Neminal Storage Helght (R 40 ft 4 i
Fominal Coiling Hoight GL1) K i3
“Nefthinal Clearariee (1) i 3
Ygnition Locativt ek, | e,
Tomperature RatingF 00 1 et 286
ol 5 o, CHiass Bip - I{m;mme Time Jodex 150 (o0
{ﬁ«sw} .
Fefloctor t Cofling ($) 7 i Fin
Norpdnad Sprinider Discharg g,a. ‘Cosfficient K 6.0 LR
{gom/nsd ™) o N
Nonuotinal Digcharge Pressue (psi) 38 30
Nomtinal Discharge Density (gpm/ft’) .92, 0.9
Alste Width (W) g1t &
Sorinkier Spacing (R ¥ 1) Tox iy W io

‘First Ceiling Sptinkler Operativs (minss)

Water to Sprisdlers (mins}

dnber of Sorinklers ot Time of Fluid delivery *""-"’ﬁi‘“"-’ o
‘ 19

Last Colifng Syﬁﬂi@’i’e}f,(}yeraﬁmz {mminisy 2433
Systom Progsore at £2 pyl 246

Nuomsber of Operated Ceiling Sprinkiers at Titne of 16 a4

Sysiem Pressure: ' .
Peak Cay Tereperamne at Ceiling Abuve lgnition °F 1432
Mazinoars T Mimute Average-Oas Temperatore af 1094
Ceiling Above IgnitionF T

Fouk Steel Tomprrature st Ceiling Above Tenition 406

op ’ ’ 406

Maxisuwn 1 Minste Average Steel. Temperature .

G VLS 510 - 383

Above fgnition °F
Five Spread. Scrosy Adsle No
Hire Spiead Beyond Bxivemitics No
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161831 The prediciive profiles idonfified s Bre growih vesulting iv abauf two (2) fo theee £33

predivied sprinkier activations foltowing « twenty-one seqond Tudd delivery delay. Mo addittonal
spriniders were activated fh the subsequest two seconds (2'see.) at which polnt-the sprinkler system

achisved the dischargs proysure of 2 psi.te significantly impact fire growth. Avcordingly, a toisl,

of ywenty £20) sprinklers were activated to-formy waprinkler pperatfonal avea 26, ity seconds (30
sets) Tollowing the finst spitnkisdadiivation. The mbdel predioted oeer the same thisty second
perfod & sprinkloraotivation total alse 50 gbout ik (6} sprinkicrs as indipsted n FIG. 7.
153 Shown i FIG7A §s the graphivad plot of the sprbikler actaations Indicating the
foeation of eadh pcfosted sprinkler relative tordhe fgnition focys, ’.i‘&wz,g_;gﬂ;sihéf;aiv_;:;iqt shows two
concenirie ringeof sprinkler-activation radially emanating from thie fgnifion foors: A singlo
sprinkler-skip inithe first tingis obwerved .

EXAMPLEY
HEERY Ina fourth fire test, o sprinkler systons 10-Jor thie pratection of Class 1 storage.
commadity was wodefed and tested, Theesystem parameters included Class I commuodity in o
dovblesrow reck sriongement stored to-a helght of ahout forty fost (30 ) Ioonted in a'storage dhia.-
hevinig & ceiling huight of aboit forty-five foet (45.25 f.). The:dry sprinkler sfstein 10 dnctaded ong
hundred 16.8:K-factol upright specific applivation stotage sprinklens having 2 nominal RTY 65190
(fsee ) aud o thovmnal rithig 07286 *F.owiten foot by téi foot {10 8, % 10 ) spackng. The
sovinkier systetn was Jocated sbout seven .—inchasg {7 in.) hepoath the ceiling.

0155)

"Thee fost plant-was modeled as nonmalized to develop 8 predictive heat release and
sprinkloe aotivation profileayseen in PIC. & From the preffictive profiles, sipghty percent of the
maxin spriokler operational atey 27 having a-total of sbout shxteen (I6) sprinkicis was predictsd
to decur Following & musdiam N ﬂf:{'iwqr‘ dulay period.of abowt twenty-sight sebonds {33 a3 A

stinimam Sid dolfvery delay perfod of dhout tet ssconds (10183 wod identiBed.gs tetims lapse &
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the thenaal pofivation of thefeur aritive] sprinklery for the given 'ﬁeﬁin’g'ixéightf 1t of foity-Gve foet
A5, The ot sprinkior activation wag predicted o octur gt abot Twa roipufés €100 afler
ignition, A Tluld delivery delay period of sixtecn seconds (165.) waygelecied from the mpge
betwoen the mainusand minfmom fuid delivery delay perfods for testing:

BI85} I the test plont, the main commodily arrayS0-and its geometriz vonter was stored
Berieath fowrsprinklers in s céf%?sat::ium‘k‘égumﬁm. Misre shecificall v, the nudn wiray 34 of Class 11
oumnvodity was sored upon irdustelsl ravks utilizing steclupright snd steel beard construstion, The
32 8. fong By 3 &, wide rack mitimbers wetedraiged to priovide a4 déubleow main fhok valh foul 8
£, bays: Beam tops were pogitioned in thevacks at vertical tier helghis of 5 It neromenis abovethe
floon Tweo farget arrays 52 wire each-spaced af a distanve of eipht feet (8 f1,) about the main array,
Fach tarant vy 32 sonsistedof iﬁds;mtfiaif:.si'.t';‘gi'&«rc}w rack niilizing stesl upright and stee! bemn
constrations The 32 longby 3o wide rack systerwas arranged o provide s single-tow farget
sk with three § 45 bays, Thé Hear Sofis of the rack of the tatiet army 52 were posificied on the
fioor and at'5 i, ineveretits aboye thi floor. The bays. of the main sod target acrays 1; 18 were
inaded to.povide & soniigl six. ineh longiudingl and tratsvérse o space theoughb the ady.,
The maln and torpet array racks wore approximatedy 38 feot tall und consisied of eight vertical bays,
The standard Class Wcommodily was venmtoncted from paper cupy {empty, § oz.stzel.
compartmonted Incstngle wall, corrugaed cardboard.carons meaguting 23 .2 21 fn. % 21 v, Bach
earon contains 125 cups,.5 layers of 25 cups. The compartmentalization wasacvonyphished with
stugle wall corripated cardboard digeis &6 separite the fivi favees e vortical nfesoukdy g single
walf cormugsted eardboard fviders to. sepatate the five rows and fivy eblqzhns of each layer. Bight
cartons #ndfoaded 4o byvb-eily hardwood pallet, spproximately-42in, % 42 I x 58 Thé pallel

welghs upproxirsately 119 Ihs; of which about20% is paper ¢ups, 43% fs:woed and 37% is
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corrugated cardboprd, The overall sotage height wds 39 .~ 1 i) (sontipally 40 8.), a0 the
movablé ceiling Wad selfo'43.25 1.

s An actual five fogt was inltiated twenty-ong inches off-center froan the center of the
s aray 114 anifde test was yun:for adestperivd 7 of fhirty minutes (30 v, "The ignition
source warebwvo Judfstandand eellulose voltent ipniters. Thedgniters were constinuted fom’a thrde
inicte by three tnch (3 In % 3 in) long celiulose huridle soaked with 4-oz. of gasoline abd wripped in a
potyethylens bag, Following thérmal astiiation of the-first sprinkiés ta the systens 10, fuid delivery
et dischiaege whs delayed tor a peridd of sixiecn seeonds (16 5.3 by seay of a-selenoid valveocaled
after theprivasy Water vontrol valve, Table 4 below provides g sumeoary table ol both the model
st test parameters, {vaddition, Table 4 provides the predicted sprinkler operationalares 26 and

selected fnid delivery delay period et 1o the measured resulls frony the tast.
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Storage Typé Baaﬁiﬁ%ﬂw }}ﬁ%ﬁi ;ﬁw
Comriodity Type: Clags 1T Class HI
Meamingl Storape Heighd (H2) 40§ 40
Montinal Ceiling Hataht (1) 4825 i 452541
Nominal Cleariice 8} I8 AR
Ignition Location %ﬁ@iﬁ wgg?&?‘
'i‘ﬁmﬁemme Rating °F 286 286
Nosinal § rn, Glass Budb - ?Re.sgame Time lndex 160 150
fase) 12 5
Deflociorte Cotliug (8) 7 ?in
Motatnal Rpkinlders) Bmwar::*ga Coelficient X 168 16,8
{gpmy/psi ™)
Nominal Discharge: Frn.ssufe (psi) 30 30
“Nominal Dischasge Density (pow/it) 0.92 §.92
“Adsle Width (W) Y §
Sprinkler Spacing (£t x 1) 0x i

md &e’uv@ry El}emy Peritd: {&t}

.' O DOOCRGboN
-

Longth of Todt (i) 3600 3000
st Cailing Sprinkder Operation (ins) EREY 129
Water to Sprinklers imznzs_g 13
. - ;\ e g o Iy Apntos
Nymberof Sprinkders.at Time of Pluid delivery M ii o po-
Youst Ceiling Sprinkier Operation {ming) 6.
Systom Proesure at’30 pst 1:50
Numbes of Operated Ceiling Sprinkiers at Time'of g 19
Syatern Pressure ' o
Faak Cay Tempenstors at Ceiling Above lgnition 95 1900
Madnris 1 Minute Average Gas T engperatire al red
) 017
{edling Above Ipnition 3 _
Ponk Steed Temperature at Cailitg Above Jgnition 330
°§|" e
Maximem 1 Minute Average Steel Temiperaiure g
Above fpnition W —
Pire 8pread Acrosy Aisle Yea
Fire Spréad Beyond Exiremities Na
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19158 “The pregietive profiles déntified n-fire. growth corrasponding to shout thigheen (13}
pradipted sprinkder sorivationsToliowing a sitfeun sepond (16 5.) fluid delivery detay. Haweyer, for
the prsposs of analyxing the prodictive model for-thistest-and e impeac of the shiteen second fuid
delivery &éi&y*mx'afiﬂmsirsgﬁw fire, the silevant period for diintysis is theHme o st sprinkler
sativation fo the momsnt full operatity pressure 1 ackieved. Fob Uiy solevant peniod the iodel
predicted gight dprinkder activations. Aecording to the fivg {egt, tour, spiinklers wete.aotivated. from
the moftent of fist sovinkieractivation 10 the mpment watdr was-delivered at the opersting pragsurs
S 20 pst. Addifional speinkler aotivations.ocsurred 68 owing the:system achieving operating
pragsie, Adotal of incleen sprinkdors wero.operating at systeny pressime threo, minutes sod thirfy
seven seommds (3:37Y atter this fiest sprinkler snttvation to significantly impact five growth:
Accordingly, & Wial of pineteen (1 9% sprinkiere were aciivated to form & sprin idder operaticnal area
26, thive fninnies atd thivty-seven secords (3:537) following the firdg sprinkler sedvaion.

ai pddnal spvinkior ppatagions] arda 286, made up of Rinetoen {19 selivated siwinklers, which

effootively addressed the fee. Additional features ol dry spiinkier svstem. 10 performanes were

ohserved sach as, for example, the extent of the damsge to the commodity v the behaviosof the fire

relative fn the storags. For the tost summarized in Table 4; it was bserved tharthe Bre taveled.

Frots tht sonbn avray 54 to thi taxiet siay 36 however (e drmage vias bot observed o travel 1o the

ede DF e strays.

10350} Fin n §1fth firs dest, a.sprinkler systens 10 for the-proteciion of Group. A Plistic storage

commodity was modeled and tested in the test.plant foctn, The system parametess inchuded Group

Accommndity i a dowble-row rack artangemint stoveil 16 a helght ofabion! ety fost (20 &)

iovaled iva storbggdren Raving's celling helalt of about thivty foet (30 £, The iy sprinkler


IP-TEMP
Rectangle


P

1

ot
ik

74

systém 14 indieded oue hundred 16.3 Kooy upkight specific applicstion storage-sprinkiershaving
anominat BTY of 190 {fieseo ¥ md o enmal zalingof 286, F on tow oot by ton foot (106 x 1681}
spacing. . Theyprinkler aystem was focated about severiinches {7 in.) beneath the ceiling.

81613 The testplant was mivdeled a5 nommalized to -éiex{ei;}y a predictive hoat relvase:and
sprinkler setivation profile a seen in BIG.Y. From the predictive profiles, eighty percent of the:
specified i sprinkler oporational area 27, totaling about shaeen () 6')'3‘;_}‘361&!‘{1‘:::5, Was
pradicted o dcopr following »faxtinamm i delivery delay pétiod o about thirte-fivesoepnds (38
Tapse to.the thermal activation of the fur eritical sprinidors for the given colling buight 27 of ety
Foof (3O 8.3, The Seat sprinkler autivation waspredicied o occur at-about one minle, ffty-fve
seoonds (1:55-1:56) after ignition, A fhuid delivery delay perfod of yventy-ning seconds (2950 was
selerted from fhe mnge betweer the masimiin and wihinvam Haid delivery delay poriods For
tosting.

B84 Torthe teed plant, the malt coshmedity smay S0 and its geometdic center was siored
benesil four sprivklers dn on offset conttpuration, More specifically, the nwin array S4-ofKoup A
eoramodity was stored pon industrial racks uillizing steel upright snd steel beam-sonstractipn. The
12 85 long by 3 R wide vack mevwbers weve avvanged to provide s double-rownaiy rack with four §
{% bays. Beany tops-were positionsd in the racks ot veriical Her helghts of 5 f incromenty abeve the:
foor, Two target arsays 52 were each spaced ata distuwe of dight foet {8 Ry about the mainarvsy.
Flack target array 5% consisied of iﬁi:'itssa'ial;, siﬁgiemi*qw thek iitiring steel vplghit dnd steel betm

chnstroctidn, The 32 {4 long by 3 & wide rack gystem ving afrariged to provide a sidglrow fargét

tack with theee-8 8 bays. The beasy tops.of the rack of the farget amay 52 were posttioneéd o the

foor and at 541, Inerements dbove the floor, The bays.of the maln and tavget avreys 14, 16 were,

Toaded o provide snominal six inch Jongitudina] and transverse flue space thronghowt the sway.
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The muin and targétaray tacks trerb approxinidiely 19 feet tall w0d consistéd ofelghi vertical bays,
The standard Growp & Plastic ;:agmnosiiﬁgy WAY ug;jnsfér_gg:te& fromrigid orystallipe poly Siﬁﬁﬁﬁ LUPS
{exopty, 16 o sz} packaged in mmpammmad1'.siqgie«wai'i,;s:armgaﬁﬁd’ pardboard cartons, Cups.
ate.arranged n fvedayers, 23 per fayer for o total 68 125 per carton. Thi comparmeriativition was
accomplished with single wall woirugated cardboard shests to Separate:the Hve fagirs and vertical
tiferiodking single-wall comugated eindboard divideis o separaie thefive rows did five colummy of
sach fayér, Bight 214 eube sartony, sivanged 2 w7 x ¥ form o palletload, Each pellet foad 1w
suppotted by a two-way, 42 i, by 82 1 by F in L slastéd dedk hardwood paliel. Apallerweighy
approximately 163 fhs, of which about 308y plastic, 31% {5 wood and 29% is rorrugated
gardhoard. “The-overall storage heipht was nomipaily 20 &, snd themovable cofling was setio 30 .
15153 -An actoat fre tost was Indtiated tventy-oue Inches offconter from theventer of te

waih arfgy 114 and the teet wadruh Tor aiest peviod 7' o1 thiirty mingtes (30miR), The igniton

sottee Were bwo hatf-stantlerd sellilose patton 3gnﬁers “The tnrikters wers chnstructed from a thiee
frich by three itk (3da x 3 i) loag cellidase bundle sopked with 4oz, of gasulineand wreppiod In's
pityetiiviene bag, Fdllowing thermal aciizalion|of the fins sprivkier in the systemn 10, fuiid didtvery
and discharege was delaved for a perdod of twenij&ﬂinﬂzseﬂoﬂda {29 8.} by way of s solennid valve
ounted after the primary water control valve, Thble S below provides u suamumary able of both the
maodel and fest prameters. In addifion, Table § provides the predivted sprinkler uperstional area’26

and seleotett Fiid delivery delay period next tothe measred résnles ftim the test
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Table s

pe i;amgc g }’pﬁ i}&%ﬁi{m }Buigii gm
Commodity Typs Croup A Croup-A,
Nontinal Storage Height (112) AR 208
WNowiral Cotling Helght (H11Y 308 08
Nowminal Clearaste (43 ek 18R
Tgn slon Looation U{;;?gz;@ U ggii
Tempomisre Raing °F WBe 25
Mominal 3 mm. Glage Bulp— 5ebpnﬂsa Tune Index we | £90
{A-seit)
Tistleotor fo. Colling () 7 in 7 i
Mowiina! Sprikier. ﬁm}x'argc Coefficient K 5. -
2 5.8 15,8
{epipst ")
Nowdnal Dizchorge Pressiive (psi) 2 22
Nominal Discharge Density fopr/5) 0.7% o)
Algle Width (W) 44t R
1% 10 Wxin

*«\ymﬁ\iur Bpacing (Rx )

Leagth of Tedt (foats).

Fiesy Celiing Sprinkler Operation {min:s) 1:47
‘Water to Sprinklers{niig) F4l
‘Nimbed of Speinklers:at Tipe of Floid - delivery ~~
Lagt Ceiling Spfinkler Operation (uinds) 2126
System Prossure at 22 psi 2:50
Number of Qpetated Cetling Sprivkiers & Time'sf is
Bystem Pressure: -
Puak Gas Teinperdtur 4t Ceiling Above Ighition °F 1905
Maginuuh 1 Minte Averaile'Gas Temmpetature at 126
Ceiting Above lgnition “F .
Peak Stewl Tunperatore st Colling Above Tonition: <8
. o . 588
" Maxinium | Minite Average Steel Temperbtuee 454 B
Abovie Tenftion B -
Phre Spread Across Alsle Yoo
Fire Spread Beyond Pirenities s
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19164} Ageoiding to ttest fegulls, the sprinkler systom was within five pervent.of dyslem,
operating peessue {22 pai.) thivty seconds {30 5.} following the fest sprinkler activation, and sysizm
pressure was attained willin 3 misutes after fgnitiom. The22 psi, discharge-pressure was obigined
by the'system such that thé sprinkler 1§ discharge density squaled abowt 0.7 gpm/ i substantisily
coresponiting to the:specified desigh-oriteria. Over the hirty second period Folowing Feat sprnkde
agtivation, thivieen speinkler sctivarions ootuived, “Thiy predictive piofifes idemited a fies growth
resaiting in aboud twelve it thineen (12-13) speinkler activaticns following s twonty-nint séeond (28
$af ‘féui{i'égziivary_dﬁiaﬁﬁ Atetal of filloen sprinklerswere-oporating thisty-nine seconds £39 s.) affer
the et spriikler sctivation to significantly Impact Bre.growth. Accordingly, a fotal of fiflesn {15)
sprinklors wers sotivated o formn a sprinkler operational ares 26, thiry-nine seonnds (3¢ 5.3
following the iy sprinkler astivation: Thus, fesetian 20% of the total svatiable sptinkiers were
dntivated. Allfiffoen (1S} activated sprinklsrs were hetivated within & range betveen 110 3ee. and
250 see. after the Biftial ignitiol,

1631 Bmplovings Suid delivery dulay pefivd in the system 10 rosulied in e Brmation of
an setual sprinider operational ares 26, made up of fifteen {15) activated sprivkiers, which
effectively addressed the Tirs. Additional feavares of dry sprinkiler system 10 performance werg,
obsyrved such as, Yor ssample, the extent of the damage to the commaodity or the behavior of the firg
velaive fo the storage, Fer the test summiarized in Table 5, it wasobserved that the firs traveled
frov the waltsrray 5410 thetargiet arry 36z however fefive tid not begach the extremitios of the
4t arfangeiont.

S Shownin FIG. 94 is the graphical plot of the sprinkler sptubtiony ihdieating the-
location of each setunied sprinkler relative fo the ignition locug. The graphieal plof shaws wwvo
coneentrie rings of sprinkler sctivation mdially emenating from. the fpnition lovus, Mo sprinkler

skipping dx obgerved.,
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EXAMPLE S
[B167} T & sixth Jive test; s sptinkler syster 10 for the proteotion of Clasy I storage.
somumodity Sis-modeled and tested in the test plamt rovim. The systein pararnetens cluderdt Clags 1
commiadily b double-row itk sriangetnentstoved to a beight oFdbou Hiirty-dour fét {34 f“i'_.}'
eated i o Stomge-ared Iving a.cefling height of about forty, feet #40 K.Y, The dey sprivkier dyatem.
0 included one bundred 16,8 K-factor upght specific applipation storage sprinklers 20 in 2 logped.
piping sysiem havinga nominal RTY of 190 - seey and a thermal rating of 285 °F ony fen foop by
tem oot (16 ﬁ x 1) spacing. The sprinklersysiom 10 wos located about seven inches (7 ing
Hencath the ceiling. Thesprinkler systent 16 was configared 1o provide & Foid delivery having ¢
wominal discharge density of about (:8 gpr/A® al a'nomifhal discharpe pressuse.of 4Bodt 22 psi.
FOL68] Thy test plast wai modéled 1o develop the predictive hisst reledse apd spfiikier
setivatich proftfe as seen in FIG, 1 From the predictive profiles, sighty percory of the spocified
i spoinkder operatiogal arga 26 fotaling about sixtesn (16) sprinkiers was predicted o foom
following a madyiwm fukd delivery delay period of about Iwenty-five seconds (25 8.}, A minimum

fluid. detivery delay paviod of about tenseconds (10 .) was identified asthe tims Japse to'the

‘predicied henmal activation of the minimur speinkler operations] arsa 28 Rormed by four writital

apstuklers foi the given velling hefaht H2 of Sorty et (40 R, “The first splidder wibivarion way
predicidd to peclit gt abowt ofw minwie'dnd BRy-five secodds (155} after ignhion. A fiuid dalivéry
delayperiod of thiviy-onessconds (31 .3, vutgidethe predicted fhiid delivery delay vangeofithe
maximury and mininnm, ﬁﬁi{ic_ﬁaiﬁr&sxy delay periods for esting,

1h149] In thie fost plant, the matn commodity army 50 and its geomelric conter was stored:

‘Bepeath four sprinkiersinan off-setcontigumation, More spectfically, the main pray 54 of Dlass 1

eonusodily was stoved upon industrial racks wiilizing stsel upright and steel beam construction. The

32 & long'by 34 wide fack mombers were amanged to brovidia dovble-tow main rack with foar g


IP-TEMP
Rectangle


79

1, Yays. Bearivtops welt posttiovied fn e racks'at verticsl tior hedipus'of § 11 ncrenyints a‘i;ﬁvc the
Hoor, Twolarget atoyys 53 wess each spaced st 8 distanpe of dight feel (8 ft.} abowt the inafs! array,
Bach farget axray 32 consisted of indusipial, singlerrow saok utilizing steel upeight and sigel boam
gomsiyetion, The 328, long by 3 fu »gxri.e:if;.t:ad% system ‘was arranged to provide o shople-row tasget
rack with theee § . bays. The beartops.of the rack of thetargetareay 32 were poshionsd on the
floor ambat § & incrementy above theHlook, The tays of thio tdin w6l target arvays 14, 16 were
oaded 15 provide  hobidial b fnuh Tonpiudingl and transverse flui syace throughont He sy,
The wiativapd fargdt artay tackavere approximately 33 fodgiall and consisted of seven vertival bays,
The Classy T sontdily was sopstrosted from double ti-wall sortupated cardboard cations with
fivewided steol stiffencrs inseried for sigbitity. Outer carton meastroments were a pomdml 42 i,
wite w42 B Jong 542 in talbon a siogle pomingd 42.in wide w42 io, long.x § b tall hardwood two-
way eutey pelist, The dovible tri-wall cardboard varfon weighied about 84 the. and sach pallet
waighed approximately sbowt 32 1bs. Thsoverall storage height was 34 ft.~ 2 in. foominelly 34 1),
and the spovible eelling wad sl o 40

17T An aotdal fre lest oas nitaled fwénty-one tndhes off-conisr Hom the confus Of the
srein Srray 54 andthy st was run for a'tedt peried ¥ of hitty rolnuies (30 min), The ignition sourde,
were fwo halfestandard eollulose potton fimiters. "The ipniters were constructed from a-thres inch by
three teek {3 i x 3 ) long cellulose bundie soaked with 4-0z, of gasofine and wapped in g
polyethyleons bag, Following thermal agiivation of the first spririkier in the system 10, Held defivery
st dischargs was defayed for a Period.of thirty Setoids (30 s.) by way of a solenoid valve Tocatid
afterthe ,;:s'ﬁmézrsf water coritrol valve. Table & beloW provides i sehimary teble 6f both the model
ane-peist paviindeters. fn addivion Teble 6 provides the-predicted sprinkier operativuial ated and flatd:

delivery delsy prelod next {o e messured results frof te st
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imgﬁa ﬁi’ § ek’ {mm .3}

Storage E‘ype E)mbié R@% mmbia Rtﬁw
Reck Hack
Commodity Typs Clags I (s 11
Noming] Stoege Height (32 WA 34 R
Nominal Ceiting Height (1) 401 40
Nowsifnal Clearance (1) B:4 &8
{gnition Lowatiom Ug?;ij ué;iif ¥
" Temperatute Rating °F 286 336
Nomgingl § mamn. {:ﬂ:}}% _§3u.1'b - ’R sspomse Thne Index 190 190
...................................... By 7
Fisflecivr 1o Celling {8} 7 i Fin
Mornirial Sprinkler I}mharg@ Coefficient K 163 168
v B A,
{prodpsi y _
Nominsl Discharge Prossure {psi) 23 22,
Kemipal Discharge Density fgpnv/i’y pan .75
Alsle Width (W) ' 88 81l
SprinkierSpacing (R4 8) 10X 18 ai}j:}@-
Fivad d&iﬁ my‘l}ei«xy I’mexd ;,f\t? 23 ‘i(}u 31 gop

" 3(3'{3{3

“a000 i

Flrst Celling Bprinkler Operation (mins)

213

Waterfo Sprinklers fmies) 2
Number of Sprinkiers st Toe of Fluid defivery
Lot Colling Sovinklel Operition (i@ A00%
Sysibmy Plessingat 22 psi ENE
E\tasmmt of Upam‘mﬁ Cetling Speinklers sl Time of %%
Systoty Progsime: . .
“Pesk Gas Temperdiure ot Coiling Above Ygnition °F 1738
Maxkimum | Minule Average Gas Tempetature af. Al
vy AL - BT Ty 2‘4{)4‘
Celling Above lenition °F
Pepk Biuei Tomperature at Ceiling Above Ignitton, 596
g e
Magisiuin I Minute Average Steel Témperatyre 46
T PRI 66
Above fphitiopef ¢ 47T
Fimfgprbad Ackossddgle No
ire Spread Boyond Rutremities Ne

* AL3:00 the g fﬁk}m dischage. pressivre was #bout 15 psig (809 of design-discharge )
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1 “Fle Sp¥inkler systom wohteved the diveharize préissure of 15058, at abouy fhrie
smiibutes Fottovwing ignlfon. A fotal of thirly-sis sprinkléns were activated 1o form & sprinkba
opbrational aten 16 Hity-cight seconds (38 sec.) following the first sprinkler activation, R should.
be noted fhat the system did achivve an operating pressure of about 13;psig, at abont vy migntes
forty-nine sevonds (2:4%) following Tguition, and masual atffustment.of the pump spesd way
grovided at froms 2:47 toaboar 3:21. At three nilnutes following ignition, the spinkler dischargs
priésure wag sbowt fiftesn 15 pi

173 e sprinkler actliation reguilt of Example Sdémbnstrates g seonsrio-dn which a.
suiteousd and deowa sprinkles operating aren was Tormed; however, the operating ares wayg formed
by thirby-siy sprinkler operstions whichs iy less efficient than 4 preferred sprinkier operating areg.of
twenty-six and move prefurably twenty or fiower sprinklers. It should be futher noted that off thi';:t;gt—
six-gprinkler opevations were operated and discharging ot desigried operating prossuss within an.
scveptabile Gone Franig for 8 dry spiinkler gysterd configinod to adiress a five with & suroun and
deownedntiguration. Mote spocitically, the coinplete sorinkler operating drea wak fofued abd
Higetarging ¥l désiyped opéinting proSeine In wider five minptes - thive minmtes cleven. sgeonds
{3011 Aldisional featurss of &y sprinkier systers 10 performarion were observed sach as, Oy
example, theextest of the damageto the @tammm&,ify- or the behavior of the fire refative to the
storage. For thetest symmarkzed fnTable 8, it wasobserved hat the fuw and damage remadied
firuited 10 the piain commedity armay 0.

(81731 Shown ' FIG: 10A is the graphical plot of thesprinklst aciuations indicating the
losatton of cach notuated-sprinkler relative o the igdtion Tocus. The graphical plol shows two
sévimeritei ¥ings of spainkler activation radially crmanating From the ignition logus, Wo spribkler.

skipping ix obfereed.
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EXAMPLET

[6174) Tt seveiith firstest, a sprinkler systom 10 foriic protection of Class 11 storage
chmmodity was modeld end fosied In thetest plant rodm. The systen pauini@ters included Clagy
TH eonmnddity 1.8 doublis-row ragk arrangement stored fo:¢ helghtof about thirty-five fost (35 £
ipeated in o storge arca having o cefling height of about forvy-five feet (43 ). The dry sprinkler.
system 10 ducluded one tamdred 16.8 K-fiictor spoight specific application storage spriviklers o a
Inoped plvbag systen having a nominal KT of 190 (fusec, }"‘“'5i and & thermad rotiog-of 386 *F outen
foot by tew foot {10 8.0 10 8yspacing. The spitikler systers was tcated such tiat fhe deflentors of
the spitollors were about soven fnohes (7 in.) Senesth the cailing,

{6975 "Vhe igel plintwas modeled as hormalized t dovalop a prodictive et release and
sprirtiler sotfviation profile s seen tn FIG, 11, From'the predictive prafiles, elghty percont of the.
maxingn sprinkier sperationsl area 27 having 8 total of about sixteen (167 sprinkiers was predicted
to.oocer following a maximun Suld delivery delay period ofabout rwenty-six tox aboit thitty-iwo
seconds (26-32 &% A wibrimum fuld delivery delay period of about.one 1o twa seconds (1-2 8.) was:
ileniified as the fime lapse toibe thenual activation of the Tour uritical spriakiors for the given
seiling height 377 of foriy-Hve Foet (45 ), This Brst shrinkler avtyaion was predidted fo doourad
shout ond nnute fifty sconnds (130) after ighition, A fluid Selivery deélay period of abbud twendy-
thret jochnds (23 &) was fosted ffow the ringe between the maximum and minimunn Buid delivery
delay periods for testing.
{Hivs) I the test plast, the makn commodity array SO and its geomedric vonter wasslored
bensath Tovr sprivkiersdnan vifsel configueation. More specifically, the maiv sway 54 of Clase T
commodfty was storeil upon idustial recks wiilizing steel npslaht and stedl bedm construction, The
3t észz"gg 3 . owvide sack 'i_'ﬂ@t‘iﬁ%‘if&“«fﬁéf{i- arsaniged 40 firovide a double-vow main rack with fiug B

{4 hays: Beam tops wore positiondd in the rabks &t Yortiod] tier hotghts of 3 &, incromeins above the
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floo. “Lwh tirget amays 52 wire.vheh bpaved at 1 distance ofeight Teel (8 1) abodd thematn arpay,
Broh tatgét areay 52 considied of industial, singlévow vack wiilizing steel upright ind steel bergh
copstruction, The 32 1 Juig by 3 Rt viide rack System was arranged to-provide o single-row targel
sk with threy B £ buys, The beam tops,of the rack of the target array 52 wery pogitipned on the
Hner and a5 8. nererents sbove the floor The bays o the main snd taget avvays 14, 16 were
toaded 1o provide b nvatinal sk inoh lotigitedingland transverse fde space fhircughout thewray,
The main whd taiget arrdy vicks were approxiviately 33 feet tall andd consisted of seven vertidal bays.
Thix gtandard Claw BT conimodity: sayconstructed fiom paper cups: (Snpty, § oz vize)
dornpartrhonied insinile wall, commugeted cardboavd cartons Measurihe 31 in. x 21 e x 21 in, Each
carion coptins 125 oups, 3 lavers of 28 cups. The compartmenialization wag _aacmnp]i,shmi with
singleowall-covragated cardboned shesls fo separaiedhe ﬁVﬁ favers and vertical interlosking sipgle:
wall corrugatedl cardboard dividers to separate the Bvis rows andl Hve eodurans of sach layer. Fight
ceatins ake oaded vn & two-wiy Herdivood paliet, approximitely- 42 fn. x 42 in. €5 fn. The pallet
welghs approximately 119 Ibs. of which about. 20% is paper COpS, $3% s wood wwd 379% i
cottugated tardboard, The oversl storage helpht was 34 - 2 in. (bominally 35 8.), and the.
movahidailing wesset o 43 &

177 A avhial Bredost was nitiated twenty-one inches offtcenter frons the:cepter of the
mafn geray 114 and the tost was nm for a test perfod 7' of thivty maiowtes (30 min). The iguition
souree were two. halFrtandard ecllniose cotton igniters, Thedgniters wereconstrucied from.a thres:
ik by thres iach (330 x 3 Jong el ilose bundie.sodked with 4-oz: of pasoling and winpped ina
polystiiviens bag, Following theriiml activalivn of the fitst sprinklerin the system 10; fold delirery
and discharge was defayed foif w peripd of twénty-thres Seconds (23 5.) by way of o solenvid valve

loeated after the primary water Sortyol valve. Table 7 belowprovides g summery {gble-of both fhe
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modeland text Drrameters. Thaddition; Table 7 provides the predicted sprinkler operational gre 26

and feleeied Huld delivery delay period next fo the measured results fromthe fest,
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Table?

'I}{;uivle Rnw T

L engih of ie% {mzm}

Storage Ty Rack | Rk
_________ Commiodity Tyt Llass 11 | Class T
Nominal Starage Height (H12) 354 5 H
Mominal Cotling Height (131} 45 ft 458
Mominal Clorande (L) Itk foft
ignition Location L’g%%‘;f‘ if{ﬁgg
Temperatars Rating °F- 246 286
‘Weosninal § ow (Hlags Balb - Rmpoms Time Indey 190 o0
{f-gee) ™
Deflectarfo Ceiling (8) 7w 7 in
Normdal Sprinkler: I)ssnimg.qﬁ, Coelcient K 6.8 168
(gpmipst ¥ N o
Norminal Discharge Pressure:{psi} 30 30
Nominal Bischarge Densily {rx,pm’ft"} 0.92 042
Assle Width (W) Rgu 8
Sertokler Spacing (< 0% 10 10 %10
_ haxd dﬁ:}wmr i)eiay Pmmi (xi&t} _ 23 see

e {3@

'?3 sm

’%G i}G

Figst Celling Sprinkier Operation (mix s}

VR
Water 16 Bprinklers (mits) 225
Number of Spriukiers at Time of Fluid delivery
Last Ceiling Sprinkler Qpevdtion (mihs) 232
Rystem Plessure at 30 psi 229%
Nignberof Gperated Ceiling Sprinkiers at Time of | s
Systern Pressure A
Peak Qs Tempersture bt Ceiling Above Iy i;_.,mmn °F 1897
Maxiviom § Minute Avérage Gag Teniporatine at 1188
Coiling Above Ignition °F o
Peak Steel Temperature st Ceiling Above: fgnition 485
g
Daximnm { Mimse Average Steel Temperature 223
R - PR
Ahovis Tgiition °F
Fire Spread Across Adsle Mo
Fire Spiread Beyom! Extromities Nis

¥ Five 30 nsig dusign proswce was schioved at 239 and D)l pregsisd at 34 patgwas ackiyed alR32

aierwhick, the o, cusBre s rodoced for the ‘-l!b‘wtiilﬁn‘f 24 seconds down 1030 psig,

o ]
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63 "’?ﬁ The prndictive profiles idenditied a fivé growth correigonding to sbout Sixteen (16)
prodigted sprivdder getivafions following a twenty-six 1o thiry-twh secdnd fuid delively delay,
Acrording fo obsetvations of The 85 tost, a tbfal of twelve-sprinkless were operating of system
preseuns ferenty-nine seconds (29 s.) after the «firs{sprixﬂﬂer agtivationigsignificamly fmgact Sig
growth. Sebsequenily, two gdditional, sprinklers were asiivated o Toray 3 gpciukder operational areg.
26 totaling Fourteen Nerinklers thiny seconds (30 8.3 following the first sprinkistactivation,

] Srhploving afuid delivery delay period il system 18 resubted in the fortration of

an actal sprinkier operationat area 26, wwwaids up of fourteen (14} aptivated sprinklers, which
sffebtively addrbssed the fire, Additioval fostuded of dry sprinkler sysfom 10 performdnge wers,
pbberved such ud, By sxample; the extont of the damage o the eormnodity or the bebavior of the firg:
relative o the storage. Forthefest summarized in Table 7, 3t was observed that the fire spread was,
Hmifed o thevwn center-bays ofmoln.airay 54 and prewetting of the target arragy 56 provented
ipndtion. No sprinkler dhipping was ohierved.

EXAMPLE 8
4180 In an eighth i tesy, a sprinkler systeny 10 for the protection of Class 11 storage
commodity was modeled gndtested.. The system parametors finéi&dﬁd Class I commodity i a
doublesrovrrack arvangergent soted to wheight, of ahiout i:h*i;*s}r»ﬁive. foét (38 ) Tocuted i wstorags
e having s ¢ciling helht of about Portyfect (40 £13. Thedry sprinkier sysiein 10 nclnded o,
hutndred 16,8 K-Sictor ypright specific dpplivation slorage spririlders'on dlppped piping sysfom
hiaving & nominal RIT of 150 (@gec. Y™ and - fhormal rafing o286 'Fon ton fopt by ten foat 10 1
110 &) spacing. The sprinkler sysiom was located soch that ihe deflectors of the spinklers weore
abow seven inghes {7 ixa._}"bemaﬂs thecailing,
2EH Thetest plant was motlsled as nornlized to-develops predivtive heat reloase and.

sorinkleractivation profile sy seenin FIG. 12, From the predictive profiles, sighty perodnt of the


IP-TEMP
Rectangle


i

87

maxinu spfinkier pperatichel dreg 27 having 4 wial of abdut shdeén (16} sorinklors was predivied
for pegur following & maximun foid delivery delay, period of about twenty-soven ssoonds {27 ¢). A
o Huid delivary delay posied of about six seconds (6.9 was identified ay fhe that Tapse
the thermal sctbstion of the four eritical sprlisders. for fhe given.ceiling height 2L af Forty feet (A
1), ‘The first sprinidter setivation was predivted to oceur ot about Bie mivfute fifty-fout veconds

{1 54) altes gmition, A TToid delivery delay peviod of twenty-soven setonds (27 S-.:}-_ Wwas selostid
frofm the range bebiveen the muiowy sad pdnimum foid delively'delay peripds Tor esting.

151821 i {he-tost-pland, the main sonunodily. asray 30 and s geometric conter was stoved
bensath four spridklers In ar offsetconfiguration. More specifically, themainatmy 54 of Oloye H1
commodity was stosed upon iudustrial raoks wilizing steel uprightand steel beam construgtion. The:
32 fdong by 3 fLowidevack members wire artanged toprivide double-rot madn rack with four$
. bays. Heam iops were positioned fnthe ricks at vertical ther heighty of 5 .- morements above the
flsor, Toio target grrays S were dach spubed st n distaiice of elalit foet (8 R.Y about the maln aray.
Hach favget wroay 52 conglsted ol industisl, single-vow rack wiitizing stoel upright and stes] besny
sonstruction,  The 328, long by 3 1, wide rack system: way arranged fo provide o single-tow target
vawk with three . bays, The beantiops o the rack of the farget apeay 52 wors positioned on the
floor and at 545, inetemenis sbove the Tloor: The bays of the main and farget arrays 14, 16 wos
tonded foprovide s nominal.sit ek fongitudmal and transverse flue space. throughout the. srray.
The mizinand taeget Sitay vacks wety approsiately 33 foet tall wod vonsiswd of seven verienl by ¥,
Thirstandied Clas TH onmadity was con@tucted fom paper Sups (Soity, 8 bz, size)
comparmernted n single wall, ¢orvupated cardbeard cartons nigasiring 21 48 21 in x 21 i Foch
garton contpins 128 sups, 5 lavers of 25 cups. The compartmentalization was accoraplished with
single-wall sosmgated cardbourd shests to sepavate the five layers and verticad interocking single

vl sovrugated cardboard dividers fo separate the five rows and Bve colamns of each layer. Bight
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parfong are toaded o a'twoway 'harg'i:wa}v‘d; paliet, spproxiniately 42 in, % 42 i 303 1, The pallst
weighs approsimately: T19 Ibs, of which zbout 20% is paper cups, 43% 1€ wood snd 37% is
corregated cardboned. The overall storage height was 34 fi- 2 s {neﬁﬁiﬂaﬁg 358, md the

Uk Anooned five fost was initibted tventy-one inthiss offteenter from dic conter oF the
rhain arrny 114 anil the test was run for & test pariod T ofthisty wihutes (30-mif). The lgniton
sorree weve tve halfstandmd el idose-obtion igniters. “Thic-ignitery weve constructed fromi o thince
indh by thedednoh 3 i & 3 i) Tong odllulose bandle-sonked with 4-oz. of gashiine and witpped ina
polyetipienebay. Following therma! avlivation ol the fiest s@z‘ézikier-._in the.systern 14, Puid delivery
aud discharge. was delayed for a paciod of twenty-seven-seconds {27 5. by way of a solenoid-valve
Invated afier.the primary, watercontrol valve. Table $below provides & smvimary table of hoth the
madel atd test parameters. Tn addition, Thble § provides the predicted spriskier operations! atea:28

and-selected Huid delivery delay-perivd negt o the meagired resulls {ram the wkt,
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Table &

:*m,ﬂz of ’?’efst (mm. s}

.....

Socage Type etk | R
Cannodity Type {Hass 111 Cllisg 103
Morminal Storage Heluht (124 358 gk
Mol Ceiling Height (1) 408 46 1t
Nomionsd Cleprancs (L), W iR
Ignition Lovation L?;?E;‘ bg?gif
| Tempetahie Rating °F 286 786
Worginal 5 mun, Glass Bulb—- Reﬁp«:msa Timedndex 190 190
(fes) ol !
Péflecior 0 Celling (8) T4 7Tin
Nomisai Sprinkior Discligrge Coelliviont K 6.8 5
(opmipsi™y ,
Mosmingl, Discharge Progsure {psi) s ed
Noming] Dischurgs Density (apm/it) 479 0,7%
Aiste Widih (W) 8 & 8
Sprinkler Spacng (R f) 1018 0% 10
slivery Delay Period (A0 27 Sec,

T 30:00

Fitst Ceiliny Spriskler Qpdiation (thins) 41
Water to Sprinkders (mbns) D3
Nupber of Surinllees at Time of Fluid delivery
Lt Coiling Sprinkler Operation. {min:s) 13
Byster Prossire & 30 psi 222
Tuinbey of Uperated Ceiling Sprinklers at Time ot 6
. Systeni Pressury R
, Pe,,ak Qo Topiperature st Ceiling Above Ignition °F 1627
Waxinum T Minute Averags Gas Temverafire af ¥ o
e A B o 1179
Cailing Above Iunition °F
Peak Stoel Temperatuse at Qeiling Above Tgnition 598
o '
Mt 1 Minge Averags Stee] Temperatuey 401
Abpwe fgnition °F ‘
Fire Spidad Actoss Alsle Yin
Fire Spread Beyond Extremities N
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184} i profiétive profils idetiified a fire growthi corresponiding to dbout sixteen £16)

predicted sprinkler sctivations following & tvenity-seven sedanid (27 &) Buid delivery-delay,

Antordiig fo dhadryations of e fite test, oll twventy-sis setivated sprinkiers were sotfvated prior to

the. sygien achioving systent pressnre atthirty-two seconds. (32 8,) following the firsy sprinkler

activation to signtfiomtdy impact fire growth. Accerdingly, fwenty=six sprinklers were activated fo

Forma sprinkler vperational srea 25 two wiamtes and Thivteen seoortds (2:13) following the nitial

igedtion,
j6185 Broplying a foid delivery delay period 1 the systori 10 rosufied bo the fismation of

arrattogl spiinkier eperational drés 26, made ypof tventy-six (26} activated sprinklers, whick
effsctively. addressed the fire. Additional featurss of dry sprinkler system 10 performancs were
ahsstved such 85, Tor erample, the exten of the demageio the commodity or the behaviar of fhi fivg
relative to the stovage. For the test summarized in Table 8, it was observed that the Bre.spread.
awrogs the alsle o the top of e target aray 52 butwas immedintely wxtinguished upon Thud-
dscharge.

jm 85} _E%av;ﬁ-'ﬂi?‘ﬁ;é";éstj_s:veriﬁr'thﬁt adry sprinkler systém, Sonfigiwed with on appropridte
Huandatdey delay, chrrospond 1o a fre growih 72 withi the {‘};emmi attivation of w sufficient number
of sprinlders o form a sprinkier operatiopal area 36, Waier discharping al systen pressure from the
sprinhieroperational avea 26 was firther shown to swrrewmnd and, drown the (e growth T2by
overwhelming and subduing thefire fronvabove,

jisT| Clanerally each of the resulume sprintkler operational nreas 26 were fornied by twenty-
ix or fower sprinklers. The restltant spsinfer operationgl afeas and perforgianees demonstrate that
storege eveypancy Tirds can be éffectively addréssed with ceiling unly syiters wihore inraik
systums :h;% v trnditfonpily begwrequired, Morsover, whare resaltanst siinkler operatibnal avcas 26

worg forined, by twenty: oF fetver sprinkders, the tests idguls indigute that dry/preaction. systemy can:


IP-TEMP
Rectangle


1

ok
.i.!g_

91

i oonfigeed with smalled hythaulic dedion dreas thai previously tequired dnder NFFA (2002). By
sindmizing hvdendic demand the sverall volmne of water discharge into the storage spaneis
preforably naiimbzed.  Finally, the tests demonstrate that .de,fia,yiqg fliaid delivery 1o allow for
adegate fire growth cam Jovalize sprivikler sctivation to-an aved proxinate the e and avold o
oibierwise minfnsive the-sprinkler aotivations remote Fom the fire which 4o nof sepessiily diveotly
itnpact the fireand add sdlditional discharge vohume,

I0188] Because each of theiests resulod in the successfist formation shd seéponse of g
spetokler operitiona] drea 26, 2q0l oF the tesls défine ot least oné mabdntory Mluidalelivery delay
perfod forthe borsesponding storage. commaodity and condition. "Thesg tests-wers vonducted for
those commmodities known to have high hazard andfor combustible propertios, and the tesis wers
comiducted for g varisty of dorags configuestions and heights and forevariety of eeiling fo
cormedity cloavances. Tu addition, those fesfs were condudied with & proferrid smbotimentof thic
Sorintder 20 ot 'ﬁi%:a;i'&ii",{%ﬂsﬁzﬁ opbrating or dischicie pressire, Avsordingly, the dyeral! hydianlic
depanngd of a dey/predotion spritklarsostein 10 18 pleforably a Rmction of osle 0F hiore fadions of
shusage deoupineies, inclading: the actial fidd delively delay perind, commuondityclass, sprinkiiy K.
tactor, sprinkder hanging style, sprivklor thermnal responge, sprinkler discharge-prossure arwd toial
puriberof activated sprivklees, Beeanse the above eight fire tests were condueted with the same.
sprinkler and sprinkier cen%}gumﬁtm,.ihe tesultant nurber of sprinkler eperations in any given test.
was-a fanotian of ene or move oft e actud] foid delivery dilay peried, coimmotiity cluss, stovage
pondiguration ad operating or sprinkler discharpe pregiird.

{B189] With regard o Class I and Class M cominoilities, becanse Clasy s eonsidered iy
present 2 less.challonging Rre then Class T, a8yvstem 10 confipured for the protestion of Clavg Hi i
afpsticable o the Yorage oceupancits for Tlase I The test results demonstue (hat g doubleaow

rack confipuntion prosents a faster fite growth ss compared 10 8 multbrow mrrangement. Thus,
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preseied wWith the-dame fuid delivery dolay poriad and pork specifically, the same aviual fluid
delivery delay pefiod, moregpilinklers would be expected o operate before operaling pressure is
sehieved 4n the deuble-row vack seenasiy es compared fo the mulli-row. arangeonend.

{98y Esch of the tosts were condueted onrack: storage -arrangemanis,mé in-cach eyt the
resulisnt sprisdder operntionsl.area 26 offectively overwhiéhned and subdusd ihe Hrer The test

sysiems. 1 wore all collingeotly sprinkdler systenis unaiSed by fnmrack spéfriders. Based ou the

reenlts of the test, H ixbelivved that dry é;ifihi&'éé csystems configursd 10 adidtess » fire witha
spriskior oferational ares 20,.0nn be dhed 48 dolling-oidy sprinkler protection sesiems for mapk,
siorage, thorehy glimivating 1he reed foringack sprinklers.

{191 Biocause the testerd mandatory fuid detivery delay perfods reswdisd i the proper-

Sorudtion of gprinkisr operational areas 26 having preferably Tewer than thirty sprinklers and more

often fewer than weanty sprinkders, if5s belioved tuit storage vocupancies protected by dry spriilder
sysiem having a mandatory: Hinid defiveiy defay period can be Hydraulically stpported or destgned:
with smalier hydrautic capaclty. In tdms of sprinkler ogerational aren, the fesultasi Sprinkler
operstionil aress have Been: showr fo be dqusl toop siilier i hvdranlic designarons used it
ciifent wet or ey sygiem design stindards. Accordingly, a dry spinkicy system having 8
mavidatoty fuid delivery delay periad an proifuce 1 surrotnd and drown eifeet o response to a five
growih-and can e further Bydaulically configured er sixed with 2 smaller water volume than.
wurentdry systems.

B9 Tt shioiald B aither noled st all the sgr:ié.ikm}*f‘s'ihﬁ% servie'to privide fhe sufroid and

drowry it are (hermally actudted withiin a predeterinined it period, Mord specifically, the

sprikles-systam is configueed such {hat (e last avtivated sprinkier coturs within ton miinyles

following the fest thermall sprinkior activativn in the systein, More preferably, the lagtsprinkier is.

setivaikd within cight sdifules and more preferably, thelast sprinkier is.activated within e
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mimtes of the fest spriniier activation i thé sydtet, Acetedingly, sver where thié-dey sprinkler
systens Hcludes a mandatory Tuid ﬂf;iiva{yf delay period outside the preforred minlnum-and
masimgmn Huid dlivery range which provides a more hydravlically efficient operating wrea, 2
sprinkler operational sren oan be formed to respond wa fiee with ¥ surrotmd snd diows effect, ag
soun for exaraple hvtest No. 6, althbugh a greater iminber-of sprinkders may be theitially activated,

{0193} The sbove tost fusther iHostrate thet the pitférred methodology can provide for a diy

etivativn plots provided, only ohe plot (FIO. 74) showed a single sprinkloer skip, Forcomparaiive
prrppses® wetsysier fre lesl was ganducied and.the sprivkler activation plotted. Forthe wet
systom teat, asprivkler systom 10 f5ethe profestion.of Class 11 storage commodity Wy woduled
andt testod. The system paramoters included Class W eommodity ina double-siow rack srrangiagient
storedt towheight of abour forty feet {46 fr ) located ina Starags ancn having @ ‘Eniling helght of about
forty-five Toot (45 £). The wetaprinkler systerh 18 iovtuded one hutidred 168 B-factor ppright
spestfin apylication Sofage sprinkiers having e nominal RYT of 190 (rees) and a thermil rilisg of
286."F on yén foor By fon Yoot (100 x 10 ) spacing. The sprinkier systom was losated suolh 'that
thedeflevtors of the sprinklers were aboutseven fnehes (7 in) beneath the-ceiling. The-wet plpe:
systemy 1 was sotas closed-head and pressurized,

{194 I the test plant, the yain cofnmadity divay 50 and ity geometiic conter wal siored
bensath Tolis sprinklers b amw oifeset vonfigarativn, Moke spéaiﬁeai'{ﬁg the-main aviey 34 8 Clagg Il
conunodity was sored upon industrial fabks oiilizhig Steel uprightand $tesl beany coustivetion, The!
32H 'Ec.‘m‘g By 3 8 wide faok membirs were drrangdd to provide's double-row mals fack with fonr 8
ft. bays. Beam lopg werdpositioned in the radks at vertieal derheights in 3. & Incremenis above the,
floor, A lmgeteveay 32 was spaced at o distanoe of eight feet (8 1) from the. main sy, The target

avay-52 condisted.of Industeld, stogle-row rack utitiding stes! wpright and steel beam construotion.
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The 3% long by 3 £ widse rack syStent'wag anpoged to ptovide o sthplefow target vask with thrée

§ 8, bavs, The bodin tops wiré positioned in the racks of the-farget srray 52 b vortical tier heighis
1 3 £ inorements above the Hoor. Thebaysof the main and targetannys 14, 18 were loaded o
provide a nowibal st inch Jongituding) snd transverse fine space throughouihe suave. The mait
and-targed xacks of the arrays 30, 52 were approximarsty 38 £ tall and consisted of etitht vertical.
bays. Thisoverall siorage height was 39 &, Lin, (4041, riominally) and tho-movable csiling height

Wit et 1o 48 f Stobdant €lads I commodity Toaded th-dach of the midn aud Hegettprays 50, 52,

Thet stanard Clags 1T eontmodity Was congirvicted fom papervips {smply, 8 o sh)
Compdrimentind insingle wall, porrugeded sordboard cartons measiwiog 21 I w31 in X300 Fach

‘carton confaing. 125 cupy, Slayers'of 25 cups.. The compartmentalization was aseornplished with

single wall cormpaied cardbogrd:sheets to sepanate fhe five layers ad vertival interlocking single.

ol corrapated cardbonrd dividers to separate the fiverows-and five veliunasof eacl layer: Fight

crions st Toaded bh & twoiay hardwiod pallet, approxiimately 42 In. 47 nw Hin. The pullet
weighty appfotiately 115 ibs, of which dbod 20% 15 paper-cups, $3% is wood abd 37 &8
sorrugated Sardhosrd, Somplés were faken fron fhe commodity'to deferinine approxiugie modstuge

coment. The samples wore Initlally wéighed, placed in an oven af Z20°F for approxdmately 36 haurs

ang then weighed agath, The approximate molshuire content of the commedity §s as follows: boy -

7.8 Yhoand oup 6,99,

{6195 At aotual {ire fest was initfated twenty-one fuches offcenterfrom the center ofthe:
madgrsy 114 using iwo hatbaandnd coflulbse voiton igniters; and the tost wis rue for @ fest
perfod Trof ity minutes (30 min), The ipnbibsswele ponstructed om 3 ibx 3 in. oy ocliulose
buasdle soakéd with 4 o ol pagdline wrdppied i a polysthylenobag, “Table.d below providess

suramgy fable of e fost pataineters wnd sesults,
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Storage Type Pable Row
Commotdisy Typo  ClassHE
Normina] JorageHeight (2} 406
Nominal Ceillng Height (H1) 45 fi
Nonsiinl Clearanoe(L) 58
Yenitiony Lipcation Untiey 4, Offsed
Temperatore Rating *F JRE
Nominal § tem, Glage Bulb—- Response Time: Index (f-sec) ¥ | 190
Deflactarto Cetling (8} Tin.
Moiina! Sprinkder Discharne Coatficiont K (apmfsi ) 168
Toniinal Discharpe Prossure. (psi) . 3
Nomiad §3m-harge Density (gpoft’y [ALE
Alsle Wldih (W} g

‘Length of Test (mins) |
Fivg( -Cleiling Sprinklor Operation (mins)

............................

Lt Coiling-Spriukder Opdritibn (finss)
Number af Operated Coiting Sprinkiars.
ek Chag Tomperature st Ceiling Above Tsiifion °F

Masiraum 1 Mipare Average Gas Tempetatiove at Cetling Above S50
Tonitien ¥F '

Peak Stee! Tempesature at Ceiling: Above Ignition °F geiod

Waximum 1 Minite Average Steel Tetapsranne Above Ippition o
o

Fire Spread Avross Adsle Vs

Fire Spread Bevond Bxiremifies _ Ne
131867 Ascording to observations of the fivetelt, the Hrer Rve (5 sprinkiers operated within

a thivty second {30 sver) Intorvitl, These five sprinklers were usable 1o adsqutely addresyibe fire
which giow aud theemslly sotudied dn additiohal fourteen (14) spriiklerd 185 seconds uiter (s firy,
ogeration, The il speitlder operation otoured 254 seeonds after the Bist spiinkier opetation. 1t

was fiifther observéd thay with e exception of the fith sprinkler aperation, the stifies second dag of
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sprisklers relaiive o.the izaiiion Idons was subjeol to wWelting frof the Initidl groop.of aptusted

speiiklées shd (8 not gofivate (speinkler Sipping). Once-the third sing.of sprinkders operated,

sufficioat water Bow was provided fo prohibll e activation of addifional sprinklens, "The thisd risg

of sprinkiery is lovated ata minbruns of about feenty-five foet (35 1, Som tieaxis of thiignition
focstion, and spriokiers s far away ay thisty-five feet (35 R.) Trom theigattion wete actuated. FIG,

124 showsa giaphis plot of i sgitiﬁkiaf‘a@i:vqiéém T thie. wet gySten test. Tust B ohservationst

eofparivon 1o this webayster test, Hwoald Appear thad the preforred methisd and sesfom vla div

sprhkler systen configurnd © address o fre with a surtodnd and deown configiaiion using «

wandatory foid delivery delay period could pfovide less sprivkler skipring over a wet system that
defivers fluid immediately,

Hydraulically Confipuring Svstera Fiv Sterage Occupancy

16197y Beheapatically shown a FIG. 1A, the dry sprinkler system 14 includes one or.more
hydranliostly remote. sprinkiers:21 defining s preforved Iydravlic design arex 23 fo suppert the
aysten 10 in vesponding to o fireevent with a surronnd and drown configuration. The prefbred.
hydrantiv design mea 25 is 4 sprinkier operational avea designed ute the system 10 10 deliver »
speeified nomine Sischargedensity D, from fhemost hydmutically vemote sprindders 21 gt 8 |
soing teokiusgé prosswe B, The systers 10 is preferably & hydrauticelly designed sgstem haviog
o pine sivdsslonted dn s prdsturefose bagls to provide a praséribeld wiler dengity, in gallons ger
minpte per square Hot, or aliematively a prescibed minitvam discharge pressare or flow per
spridiier, digiributed vilih a reasonable degree of uniformity over's proferred hydraulic design area
25, The hydrautic design area 25 for the systom 10 iy preferably designod or spacified for a given
sommodity and storage oeiting helght fo-the most hyfobieally remute sprinklers of aven i the

systen 16,
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115§ Generally, theprefered hydraulic degign aren 25's sived and configured about the:

ruost Ivdropiically remote sprinklors to the gystem 1010 ensore that the hydraulic domeand of the

remainder of the sysfenr iy sefisfed. Mogover, the preferrest hydraniie design area 33 is sheed and.
confimmed such that o spehnider operadionad area Eﬁ ‘cari be effectivily generated snywhete {nibe.
system 10 aboves ew prowth, Preferably, the preferred hydravlic desipn area 25 canbe derived
from saocssafid five weting fuch 4 dioss previonsly deseriled hﬁfgé%i;x_j above, g sﬁbs:%:ssﬁs}i': 'ifi;ra.
tegt, flaid defbvery theough the activated sprinklers preferably overwhieling and subdues the fire
grdbeth and this Hhe vorwdns lnculized to the ara.of ignition, Le, the fire preferably dogs not jump the
aetay oy otberwise wigrate dovws the mainand targetarrays 54, 52,

6199] The resulés-from sucepssiul fire tosting; used to evaluale the elibctiveness of a-Huid
delivery-delay to form a speinkler operational srea 26, further preforably define the hydrankic.
sovinklor operational area 25, Sumnmasizing ths activation resulis of theeight tosts diseuased i

the fotlowing teble was prodused:

Sumary Tal

Beston Avea (Mo, of Sprinkler
Storage Helght | Colftog Bejght' | Closs B~ | Class {~ £ohass VY - Group 4~

. Tiblrow | Mulit-row Dbtoow { Doy
E 5 E £
30, 35 K éff?' 16 &
Rl 44 K 14 £ )
38 45 E E 14 7
3% 4 E E 285 E.
44 43 I E P BN
Ay 4525 E K {9 E

HEM The nusnber ofideniified acfivated sprinkiers, along with theis knovwn sprinkler

spaging, each Meriifra preforred hydravlio-desien area 25 fora given commodity, at.the given
storage and ceiling heiphits:to support a celling-onty dry-spriniersyster 10 configured to-addressa

fire gvent wilh v surronnd and drown configusstion. A reviewof the results furthor show that the
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numbey of sprilier sidivations tasigs genefally frotn fowrted to vwindy shrinklery, Applyidg the
abeve dessibed modeling methodology, coupled with the selecBion ofan appropriately hermally
ratod.and sensitive sprinkler capable of producing adequate flow for an anicipated level of fire
chiallentge, 8 hydraulic design aren:35, tot a.dry ceiling-only fire pritection systen o be identifisd
wihiich. could pddeegs & fire-cvcatin 2 sttraie bocupaney with a suxround and drows configurition.
Thiis, ssange of valnes oin be sktrapblated £, whers indicarsd in thetatle above, to identify &
preforvod hydralic Josiin aneh 25, Thershors, profofred hvdranlic design aroas 25 san He provided
for, ot pofmntaions of vontmodities, storage and celling heiithis, for dxuriple, those storage.
conditions Heled but not tosted in-the Sumamary Table of Designy Areas. In addition, hydraulie.
design areas can fiber be extrapolated for those bdntitions neither tested nox, Hated above.,

fe i As noted above, a preferred hydrulic sprinkler operational aees. 7S may gy from
dhout fovrieen fo dbout twenty sprinklens and mors preforably frath about elghtesn toahout twenty
spéinklore. Adding a factor uf sufety to the extrapolation; it 18 beltoved thet the hydraulic spiinkier
uperatipnnl bren 25 gi be sieéd fiom sboly twany 10 about tvenity-twvd,spiinklers. On & sprindder
spacing of wniby-ten foef, thib fanildtes to a proferted hydraulic design areaof about 2004 square
fipbto ghopt 2508 square foet and more preforably dbout 2200 square fuet,

{2 a “Notably, current NFFA-13 standacds specify design areas jo the most hydstivally
semote aren of wat sprinkler sysfems in the protestion of storage aveas to-abowt 2000 square fest.
Avwordinghy, It s believed that a-sprhikier syftem 10 configured to-address a iy with o sprinkler
ispbratioinl area 26 van be eentifured with s dedipn ared at loast equal 1o that of wet systens widar
WFPASYS fordimilas storade condinons: Asalready sliotm, a sprinklor systent configaied o

adidresy o firs With a suround and dvown olfeot can refned the hydeanlit demands on hesystem 1)

2% compared fo curent dry sprinkler systems. incorporating the safety by “penalty™ design Tactor,

Preferably, the prefirved hydeaulic design aren 25 ofthe systent 10 can be roduced finther sueh that
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fhe preferred hydranlic design aren 25 is Tods they degin arses forknown wet spiinkler systems. Ih
a4t feant one test Histed shove, it wasshown thata dey sprinkier system Tor the protection of Gieup &
plastics beneath g eelling height of thirly fectarloss can be h;{éigau;ig:aﬁ;f supporied iv;}r-ﬁﬁ{zgn
spriskiers which defive ahydraulie dosign urea less thaw he 2000 square fet spoctficd varder the
deslgn standards fir tvet Systens,

{8203 iots speciBially 5t is bolisved tint the-fire Tost dats demonsuas that & doublesfow
rask of Groap-A phistics af 208, Tl slorge. arguably having high piciection dinands, is
protedied with a dry pipe sprinkler s¥sidm based p opentig a Bitited ndmber of speisiklors Hik
opened » siiter sunber of sprinklers as. the sestresult for Group A plastie deseribed sbove. Thug,.
ithas been demonstiated that the design srea of a.-dry sprinkler systom can be-the sase orless thim
ihe desigr ares of & wetsprinkler Systeth. Bedause il storagé testing is gazim‘"vzﬁykﬁbwm 16 be
e severs thia ;'éa}:lgt'im:;jl‘mﬁng? the tesults we alse applicable to palletized tosting, aid o high
challongs fires in geveral. ‘Moroover, based off applivent’s denionsteation that the design afea fora
dey speimider sydteb ah be eqtiad 1o or les than that of & wet systerg, i 15 believed {hat the desigh
&eon can be axtended fo cormeditics having lesd singent profectien dersands,

152041 Teguuze the systens 10 preferably utitizes the activation of asmall mumberof
sprinklars 20 10 prodece a suroand and dwown effect to averwheim and subdue a five, the preforred
hydrantiv desicn drea 25 of the ‘if;y' gpriibler systen 10 can also Hie based upon 8 reductd hydraulic
‘:,ic-zsﬁgﬂ arbas Tor dry sprinklel systems gpoeifiedd under NFPA-13, Thus where, for Exaimple, Section
122214 of NFPA-1R speoifies forvontiol mnde protestion siiteriz for pailetized, sdliu pileds bin

bk or-shielf storagge of clasg T thratigh IV cominodities, o design aren 3600 sguare foot having:a

et e LTy o 3 3 A A 1y L. oy + o ey .
watgr dengityof 0,15 gpu/ft, thepreferred hydrmulic desion avea 23 v preferably specified under

th wel. standard ar 2000 square feet having o density of §; 15.gpmift. Accondingly: the meferred
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hydranlic desidn pdd 25 18 pioferably soallef thay iﬁ%ﬁéﬁgﬁ,awas' fot knowa dri spfinkler wystoms 10

‘The desten densities for the systent 10 are proforibly the same 85 thesé specified wdér Seetion 12.6f
MNEPAAIS for s given commodity, storage height and coiling helght, The reduetion of current
hydratsic-dosign mess used i the desian and construction of dey-sprinkler systems can reduce the
requiremints and/erthe prossure demands of prrnps or other deviews in the system 10,
ﬂﬁizsetlziﬁéfiy'i‘hﬁ pipesamnd dovice of the systery cart be specifiod to be saller, 1t should be
sppreeinted howsver that dey spraikler systems 10 ton Have a gxrt:‘fei‘ﬁ*eii--éa’y:ﬂr—aaiiz‘ti deision area 25
sixed o bo aylatad as dedlgy arefs spebified under thie'earréit available standinds of KEPA-13 for

dey sprinkler systenys: Sueh systems 1 ean il manage 2 fre with a surronnd and diown effect wid

‘minfmize water discharge provided-the system 10 nvorporates o fluld. delivery delay periad

discunsed-above. Avcordingly.a range of design arens sxisti for shaingn proferced hyduubiv degign
drge 28 Ats wiinironm, the prefetred hydradio desipnianea 25 sax boe st & il the size o an
activalid sodinkler aperational ated 26 provided by availsble fire fest dita and ihe:?‘}agémuﬁa dosinn .
drite 25 con be of & miaximony ay large sy the'sysierh pertiits. srovided the fluld delivery 'déia_y period
roguifroments san be safisfied.

L Avcordingto the test rosults, configuring dry sprinklersysiers 10 with asprinkisy
operational avea 26 formed by fhe inclusion of & mantatory fhuid delivery delay parded can
ovetoome the design penalties sunventionally assopiated-with dry spriniier systoms: More
specificully; dry sprinkier spstores T canbe'desigred auid configured wish preferred hydraglic
desigh aresy 25 equst 1o the sprinkler opertional design arons spetified fofwel piping systemns id
MEPA-13. Thus, the proforind ydsaulie design srba 25-¢an bé-dised o design and constiuct g duy
pipesgiinkler system that avaids fhe dry pipt "penulties” provigusly discudsed ax .pt&Ssﬁ:iﬁaﬁ Yy
NEPA-13 by being designed to ‘perform hydrantically i Jeast the same as & wet system desigaed i

aceordanve witl NFPA-13, Boeause i Te belfeved that dry pipe froprotetion sysiems oan be
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Jegtened and instilied withputineorporaiion of the design pedaities, pravipugly peropived afa-

nevessity, vnder NERA-13, the design penzlties for dry pipe systems can be seintmized or olhigrwiger

efiminated. Merdover, the testy indicate that fhe.desipn methodelogy can beeffeclively used for.dry

sprinkier systern e proteetion of commandities whire thete is 1o existing standard for any sysiom.
Specifically, mandatory fluid deffvery dufay peviods smd preforred hydraulic dedien asesd van be.
Taoorporaied fut adry éprjih};iar systeny design 50 to d@ﬁ.:;;i: -a'h}'&raﬁii&‘p‘e;*rf»;}'.zfi;:g_mcé dritbria vhirs
nevsuwh ofteria 6 kaown, ol sxumple, NFPA-13 provides oily Wet systirn slandords for pértain
clasges ofcommedities sush ag Class I commmodities.. The preferred methodology canbe used to
sstablish s eoiling-only dry sprinkler systen standard ForClass HI commodities by speeifying «
requisite ydrautic design ared and mpodatory Huld &etivery delay period,

10206 A mandutory fluld defivery delay period afong witl the s preferred hydeaudic dosign
aten 25 ca provide devign feliedia fom which 2 dry sprirkier $ystem can preforably b designed
avef] cotisrudtedl, Movp prefesably, suixiion and tiindnmum maddatory Suid delivery delay pefiods

along with the prefieded hydeaulie design arde 25 can provide design riteria from-which ¢ &y

spinkiersystess van preforgbly be.designed dod constineted, Foréxample, » prefested dey sprinkler
system 10 can e designed-and constyeted for instatintion iy g storage space ¥0 by idemtifiing o

specifing the prefivsed ydraulio deslim area 25 for o given set of sommodity parargeters and

stvpape spnce-speciiications, Speciiying the proferred hydranltc design drga 25 preforably fholidos

ieoritifying the numbier of sprinkless 20 &t ihe mostHydraulically sentote e of the-system 10 that

wan ootlvchively Suliafirthe Kydupubitrequitentonts Hf thosisten. As disc\i;;é;g@ﬁ""atﬁuizé?-:S‘;‘)isezifymg

Fromthe wel gystom dislon areas provide in the NEPA-)3 standaids,

Jetho8 of Implomunting Svstem For Storage Ocenpancy

Methodl For Ueierating Sysiesn Dexign Critévia
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e A prifeered methoddlogy for designing wiind profdtion sysem provides designing e
Ay sprinkler systesn. £ profecting & cpmmodily, equipment.or othor Mams loeated:in o storage aves,
The-muthodology tncludes establisling-design extoria around which the-proferned sprinklersystem

wonfigured fiva sorptngd gud-drown response can by mwodeled, simulated and copstruuded. A

s

preferred spdinklersystom:desipn methodolopycan be employed o design the speinkler system 10,
“Phe deisign miethtdelogy prﬁi?érabiﬁj;f' eanerally inelndes vetablishin g ot Twast three desigu-eriterta oy
prramisters; the preforred hydianfie dosten afoe 25 and (e infium, and sivdime mandagory fluid
delivery delay pefiods for the systen 10 bsiip trediciive heat relénse and é‘iﬁf‘{ﬁkiéf‘é’s{:ﬁiﬁfatim .

LIV (734 Showe i FIE 132 flowehart 100 of the preferred methiodology rdesipning and
comstructing the dhy-sprinider system 10 having a sprinkier operational aren 26, The preferred
-uethodology profbrably iavhsdesa compiling:siep 102 which gathers the pataneters of the storage
and dommodiey to be wotected. These pararbelers jitoterably irichule the commiotity class, the

commodity Gonifiguration, tiosidrage celling Heighrand ety tilier pararneters that hopgot fire

Forid,
L&

arivwth anddorginkdérsctivation. The preftived ingthod fouthir inclyded b developing step 1043
devalop a fire medel and a predictive heat sglense profile 402 as seen, for exanpde, in FIG. 4 and
diseribed above. In a generafing step 105, the yredietive heat refease profile isused 3 solve for the
predtioted sprinklor netivation tines to generate 4 predictive:sprikler activation profile 407 aeseen
in FiG.4 and deseribed dbove. "The storage and vommodity patameters corpiied in-step 102 are

20 -fier otilied (o idehel®y a prebirred hydranfie dustpnaten. 2%, us Tadicsted inkiep 106, More
prefdrably, the profSred hddrautie dedigh aven 25 s e:«;f;fi*:;vc:—iamﬁ: fro dviai lable five testdata, ne
deserihed ubove, i alisraatively iy selectadl from knowh hydraulic-dosiyy atehs provided By NEPA-
13 for-wet spriikdorsysiems, The preforned hydeaulic design aea 25 of step 108 dofines the

rerpdstie mamnber-of sprinkder activations through which-the system 10 mus? be-able o supply at egst
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ou o {1}.a reipdsdte fow saie-of water or other five fighting wdterid; or (i) spreifisd depsivy such
as, fopuxamyple. 08 gallons pet mivutd per font.sginted.

{6269 Thus, fn gue proforred extbodiment.of the methodelogy: 100, design sxiteria fora dry

sprisler firs protection systensthat pretents'a stored commiodity is provided and can be:

subsiantiolly the same as that of nwet system specified noder NFPA-13 fora shilar vomtnodily:

Priforably, the cominmility foriwhich thedry Systén is ;_;‘;:r&ﬁ':fa;ﬁiy '&@sigﬁeﬁ. 5425 {1 titgh. double~

subvr vaok of Oroup Aoplaitic compiedity. Alidmatively, the osmodity can beany Sasdof ghoup of

cotipmodity Hsteid tuder NFPA-I3 G 56,3 and 5.64.. Further in the alicimative, sdditionully, other
consnoditien such peagvosods-and Ravmmable Howids cairbe profedied, For ofample, NEPASE
Flapnatie wid Combustible Liguidy Code (2003 ed} and KFPA 30 Conufor the Manyfaciure and,
Storage of Avvosol Produs {2002 o), oath of which i ineorporaied in its entively by vefbrence.
Farbermere, pet NFPA-13, sdditions] coramiodities to be priwetied can inclute, example, mbber
fires, stakedt patlets, buled votion, and rolfed paper. Wore preforibly, the prefeired scthiod 160
hodudes designing the'system g5 posiling-enly:diy ';:iip,'a::g‘.pﬁﬁiﬁﬁr systen fof privwecting thi etk in

an snclosurs. The endloswrs proferably hasa 30 | high ceiling: Desighing ¢ dry spritikied

inehudes proforably-specifying a adtwork arid of sprinklers having o K-factor of shotd Y68, The

setwork goid inclulios a yrefiered sprinkter operationa] destgn-aren of about 2000 sq. &, and the
withod can further include.motifying e mvdel se as to prefbrably be.at least the lyydraalic
equivalent of a web siston a8 spseified by NFBA-1S. Bor cxarple; the mode! vanincorporate &
dosign afea voaxt sé.a"issi'asz_i%aﬁy vonvesfiond w the desipn ‘ghiteria andesr NFPA-13 for wet system
profsetion offs duad row reek-storapt of Group A plastc-comuyodivy stacked 25 & high unders
velling height 85 1L

{821 The. designmethodology 100 and the sxtrapolation ffom avaiiable fivesesn dafy, ay

daspaibed ahowe, can Ruther provide & preferred hydrandic-design point. Shown InFIG. 13B:s an
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iinsteative density-avga geaph for use indesigning Fire spriokler systems, More speatfioplly dhvwh

i s B Fana. 3 L T i , A 2‘ .
isa-design pedit 287 hoving a-value of 0.8 gallons perusinute per sguarefodt Qg;}mﬁﬁ: St define g

-requdsite amonnt of water discharged outof a sprinkler over agiven pariod of sime and 3 given arer

provided:thist the aprinklet spaving Tor the system is approprisely mnintined. According to the:
gt Y0, the preferred Sesign area fvabout 20005q, ., thus defining w detigor sprinkior
opesational area requizremant a-witleh & preferred dry sprikder sysfom dan be dﬂ«,agami B0 as W
provide 0.8 spw/2 ped 2000 sg. 1. The desigiipoint 253" chw e dpreforred droa-donsily pédint used
in hydrautic caluiations for designiag a dey pi;;e;zﬁpriniﬂgf, system in acgordance with the prefirred
methodology deseribad herein. The prefered destpn point 237 deserihed abovs has been showa io
overeoms fhie 125% asea penalty invrease because the-destgn pofst.25" provides fou dry yysten
pesformanes ot loast equivatent 1 the wot sysiem porformange. Avcordingly.adésign methodology
§§znt31§§émii’;€:fg.i§e preforred desigh aren fid 8 §istem construtied inatcordaned with the preferred
methodology desnpnstinies that diy pipd firg profection Svstery can be dmgﬁ&i sind Trestablon
witheut Incbrporstion of the desigh penglties, previously pegoelved 852 necesaity, under NFPA-13
Accordingly, spplicant anserts that thenesd for ponalties in degigning dey pipe syenis has been
shminated,

{rARY ‘i addtition toproviding a dry spriskler grﬂ%;z:a:—t%w; systomn with adesivol yvater
delivesy, thepreferred design methodotogy 100 can be configured {omeet other requirements of

NEPA- {3 uch 2y, for okasiple, toquined water delivery e Thus,the preferred design area 28

and inethioddlopy 100 can be configurtd do a8'to antount for {uid delivery 1 s vousst hydiaufically

rampate activated sprinklers within a tange of dboyl 15 secondy to dBout 60 stoomds of sprinkies
aetivafion. Mo preforally, the methodulogy- 100 tdentitios a:préforved mandatory tuid delivery:
deltyy peviod s mroviously discussed soras doyconfigure the syster 10 for addressing # fins dvepd

withasnrround and drosen configamtion. Accordihgly, the destgn methodology 100 preferabiy
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sctudes & buffiring $tep 198 which identities d finedon of the specitied masithur spriukder

operitiond weadT 1y be forpied by maxbonin fuid delivery délay perdod. Preforably, the

wainnen aprinkier operational ares 27 Is:equal 1o the mintmura available preferred Rydiaulic
Qosign anea 25 orthe systemm 10, Alematively, the maximun sprinkler operational ares iy squal tor

‘the design wen specified under NFPAAT3 for a-wot.systeny protecting ihe same commodity, af the

same stovage and ceiling helght.

Wiy ‘P buitering step preferably provides that sighty Dersent of g spesified maxinmin

sprinkleroporiiions! aren 27 19 10 beacilvated by the: maxinyen Thuid ditlivery delay period: Thus,

foy exazaple, where the masimaom fhid delivety delay perlod iz spodified o be Sventygrinklers of
FO squars foet, the hulfering stop dnntifies that Initlal fuld delivery: shonid vecyrat the predicied
swmer-fhar sistoon gpeinddors would be selivated, The buffering siep 108 redugeshe number of

sprinkler activations regsired to Toltiaieor form the Tullmeodmum sprinkler opsrativnsl ares 27 5o

thiftwater oin be-infrodunced fnta the.astorags space 70 earlior thaniF 100 percent of the sprinklers n

‘thve vt Spifnkler opetatignal ara 7 weretequired to by avtivated privyto-fuid delivery,

Moreovey, the sarlier Tuid delivery afiows the discharding Wator 1 0ofie up o 4 destred system
substentiadly all the required sprinklers of the maxtmum; sprinkleroperational aven 27 are activated.
813 o detsemining step 116, the Hime-dd détermined forwhich eighly pervent of the
maxinen sprinkler operational area 27 s prediced to'be formed, Referring againfo FIG 4,1he
i fepsts incasured fom the prodicted st sprinkler-activation dn thesystens 10 i the Tastof fhe
getivation Toring e preferted kighty pereent:(8096) of the maximuss sprintder apsrationg arpa 27
detiney the teginnn, Suid delivery delay Aly, as provided In §iop 118, 7 heruise of the buffering
step 108 als aptowits for any variables aod thely Impaet on spriskler geitvation that pre not éasily

caphured fnthe prodictive huat releage and sprinkler activation profiles: Beoause the maxismm
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Spriakiér pperaiionil aren 2718 believed tube the Jatgest sprtisider operatiorial arda oy the systom 10
that cai effpeiively address s Gt with a serrotind sad drvwn offeet, Waklt is irotuted Tul the,

system efpier rafler than latdy thereby mibimizing the possibility that waleris delivered fop laiets

form the maghmun sprinkleroperational arss 27 and address the anticipated] fire growth, Should
waterbe intraduged too late, the:growth of the fire may be foo large to be affeciively addressed by
ther sprinkles nperatfonal area or otherwise tuSystemn niny revert to 8 vorunl mode sonfiguration fo
witich Shoheat relonse fats is dorrensied:.

JLzaty Refersing agatis io-the floviehart 1000f FIG, 13 aid the profilesi0 of FIG. 4, the
thne af which te miniiion strinkler operational aren 28 iy forimed gin b ééi‘:émiiﬁéii i stop: 112

using the tine-based predittive heat release apdd sprinkist dotfvation profilss, Preforsbly, the

suinimues spriskleroperational arex 28 iv dufined by o ciftical mumber sprinkler activations for the:

systens 10, The writicd) number ofsprinkler activations preforably provide for a sty inifial

prinkdes tpbration afea thaf eddressey 3 Fire with & water or Hiquid dischargs to which the fie

continues ko in responise sush that'hn addiional sutsber of -gpfiakim are Hiehially aclivated ©
Foum'a comiplete serinkler dperaticnnlines 26, The eritfeal mitnbier of sprinkler activations are

proferably dopendent upoit the helght of the sprinkler sytem 10, For exainiple, wherethe hedght o

-

Shesprinkior systenyigTess than thirly feet, the cxitical nunber of sprinklersctivalions isaboul two

g o 243 sprinkiers, In slarage-arens whers: the spribkier system s installed af a height of Sy

foet or above, the eritival sumber ofsprinkler sctivationsds about four sprinklers. Moasured from

the-finsy prodisled sprinkler sctivation, this g fo predicted pritical spvinkler activation, be. tworio

fisur sprinkiet sctivations preferably defines the minfean wandatory fuld delivery delay period A

n Bvindicated o step T34, T introduce wates o thé-§torage ared premalurdly migy perhiaps

frapede the: fire growth theveby proventing Thetmal astivation of il the critical spribkiers i the

minimum sprinkber operational arca.
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LS Thuys, a diy sprinkler destems et bépiovided with Jesign eriterfs 16 prodicg o

sevround and drewsn offect vying the trethoddeseribed dbove. Hshould be noted that the stepeof’

it preferred wethind ‘can bepractived Ta any randont order provided that thecsteps are pracliced o
genierate the appfopriate desigmeniieria, Forexaraple, the mintwun thiid delivery delay perid san

$He:determined bufors the masimurn Told delivery delay perivd determintng stop, or the hydraulic

desih aren can b detirmingd Befire oithicr the mivinium or the nxostmuin Thiid deffver s delay

periods. Multible Systerms van be designed by oollecting mubiiplé Byputs o parkcssteis for ousd of
‘more-sforage vecupancies 1o be protected, The multipledesigned systems can be wed to detarmine
e tmogt practical andior seonenieal vonfigaration it protect therocoupaney: Tnadidition, i'a series

~

of predictive models axe develboped, one.can e portionsof the method te evalgate andfn determine

the acespiable. maviviny and minimum Hoid delivery delay peripds.

1§218] Moteoverin wootimiercial prictive, one can use the seriesof models 1o oreutt a
databesd of Jork-up ables for determining the-rndniniun and mixdniem Huid delivery delay periods
for 1 vactety of sfosdge ootupansy and cobnmodity ¢ondifions. Acotrdingly; the-databess tan
simplify the desion proeess by eliminating modeling Stens, As.soen, for exaimgie, In FIG. 134082
stenplified wethodology 100° for designing and consineting & systepa 10, With a difabegé-offive
tost. data, an nperatos or Sesigner can design and/or constiuet @ sprinkler systarn 10, An initial step
192° provistes:for identifiing and cumpiling projest dethils such as, for example, parameters of the.
storageand commadity to be protected. These paramoters prefueably fuolude the commodity elass,
hireominadity vonfiguiation, the ‘stoiape setlingheight. Azeforring stop 103 ,;rﬁvi&a‘xé"{wz
consbltiog.a ditsbaie-of five toxt data for Ge vy more storags oceupanvy and stoved cominudity

conflguratione. From the datibase, a selection sfop 105 cap be performed o identify o bydimulic

destgrraren ond Huld delivery delay veriod that were effeetive for o storage socupaticy.and stoled

comumodily configuration correspending to the parameters compiled in the compiling step 1027 {0
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support and eredle axpiiakisr operationil dred 28 foraddressing a todt fivg. The identifisd ydraolic

s,

design-areas and fuid delivery delay pesiod cant be implemented dn a systeni design for the

sonstraction oF ooiling-oilly dry- sprinklersysteny onpalieof protecting avstorageoveupsney with.&

vt and drowss offset,

Beskiod of Diinig Design Criteriaty Develop System Poviineters For Stornge
Begupunoy.,

ik i) The preferved methodology 100 geddrdihply identifing the thive Hostgn oriterlp oy
distuszed dackion a yreferred hydidubic desipt ared, & mitdiaim fuid deliveey délay period and &
ssaxirann fhald delivery delay peried.  Incorporation of the mintrw and raxiomen fyid-delivery
defay period intoithe design and constznetion of the sprinkler system 10 i profordbly su flerative
pitiods E‘s;f-w}nidiiﬁshe & Systons 1§ z,:‘aﬂfhé:dyammicaily modaledto foterming:if e sprinklors within
thie aystets 10 experivates aHuld delivery delay that £l within the mnge of the identified

s wad Mt sogndatony fiid delivery deldy perfoile. Preferably, a8l fhe sprinkiery

sxperisfice 2 Huld delivery délay pestod within thegnge of the idewtified maximiim and minimom

it delivery delay periods, Allprhaiiiely, However, the sisteny 10 can be configiidéd sink that ond

ov-o solocted Sewof the spvinklers 20 ave configured with s mandaters fluid delivery delay perfid

which provides fbr $he thermad activation of s ssinimumaantberof sminkderssurronnding eagh of

thé seleot sprinkiers o form d sprinkles operaiional area 28,

B8 Preferabily, adoy sprinkler systony 10 baving u hydroiiliz degign ares 25't0 support a

surfound and drovin et oan bewmathamatically motclid so ss 6 telide one auriiors activited.

spiiidlerd. The riodel shn furihir charasterize die flow of liquid and gas through the system 10 over
¢ foers  tly of thé-piimay water penirdl vabve, THe matheiniatical

tine Riliowiog an overld which {rig

ARG, e

model van be witlived feosolve for the Hould discharpe pressures and discharee Himes front any

activated sprinkler, The waier discharge tmes Rom the modet can be evaluated to.determing system
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compliancs with the manditory uld deliVery tigies. Morebyer, the modeled systom odg be abered
and the Hould discharge chavactoiistios can be repebtedly sélved 1o ovaluate chiafiges to thé dykieiny
189 and to being the sysiem inio complinnee with the design criteria of « prefevred fydvaulic dosign
area and mandatory Taid c;aﬁwgy:éeigy period, To facilitete modeling of the dry sprinkler sysiem:
T and tp solve for the Hanid discherge times snd charscteristios. a vser sun ufilize compulational
software capiible of building and solving for the hydraulic performancs of the sprinkler 10,
Alteriddively, to Hernively ﬁé&%@%ﬁiﬁg, and mipdeling the syitem 10,4 adct can pﬁ}fsimi?iy-bﬁiiti #
sppicm 10 and modify the systens 10 by changig, forexample, pipd lengths or inbradiping other
deviess to achigve the desioned Buld delivery delays for duch sprivkier on the Sircnll, Thesystem

‘pan thens Be fosterd by agtivating any sprinkler i the sysler and determining whethér the fluid

delivery from the-primary waterconteol valve to the-testeprivikleris within the designrorifria of the:

rinimint and mesiuwn mandatory fuid delivery delay periods.

8319} “The prefetred hydtaulie ﬂésign- drea’ 28 and mandutdry .i§'uic¥'i‘is;fii*v:éry'ciéﬁ}a:; periods.
define dedign crfterin that van bedntorporaied for ust Inthe Somysiting step 12601 the prefered
design méfindology 100 as dhows i the flow ehart of FIG, 10, The orlteria of siep 120 ban e
miitized i u desigand consiiuttion step 122 to modehand impilement the systém 10, More
,syeﬁiﬁgaéi'g,.a dey ;-';:i;}a sprinkder system. 18 for profestion of a-stored sommodity san beanadelnd so

1 tr-capiurs the pips characseristics, pipe fittings, Haeid source; tisery, sprinklers and varions free-

type or ranching sonfiguations while secounting for thepreforred hydrautic design aves and thaid

delivary delay period, The model tdn Rirther include thanges 1 pipe-élovations, sipe biabehing,

aseelefdfons, or oty finid conttel devices. Thidestuned dry sprinkler systein can be
matheinalically-and tfynatically irodeled 1o caphore and simulate e design eriteria including the
praferred hydrailic design area snd the foid delivers delay poriod, The Huld delivery dulad puried

e be solved-and sfomdated nebiy weonputer progiam doseitbed, for example, i U8 Pateny
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Application No., 101042 817 Hled Septeiaber 17,2004, published as'U.8: Patent Publivation No:
05218247, and enditled "System; aﬁc:i Muethed For Fyaladiion of Fiudd Flow i & Piping Svsteny,”
which Is insorporated by reference fils eaiivety. Tormodela sprinkier sysiom in acordence with
the design sriteria, stothier software program can be nsed that is papable of seynericing sprinkles

activation.and simulating fuid defivery. to efectively model Tornsation s performanee of the

‘preferred Hvdsaulie designarca 28, Such o soltware-application 14 described fx POT Tnleriational

Patent Apphicstion filed on 06t 3, 2006 eiiitied, “System and Mathod For Hvaluation ol Fluid
Flow i ¢ Plpiag Svetem, ™ having Docket Number $-FR-00001 WO (73434-020W0y and ¢latining
wrigrity to U.S, Provisional Palent Application 60/722,401 Sledion Usteber 3, 3003, Deseribed
therein 5 a compuiter progmm and its uaderlying elgorithm and computational engines that perforns
sprinkler spstem design,aprinkler sequenaing and simulates fluld defivery. Accordingly, sucha
Sosmpuier program caiy desipd and dyramically smhedel a sprinkler system for fire protestion.of s
given commiodity in a given Storege mea, The deigned and modeled sprinklet system cun forthigr
sitnuiiate aud sequénce of sprinkier adtivations In socordance with e ti:r’zat«'—baﬁ&é,prﬂdi ohive
speingler activation proftle 404, discussod abiove, o dynamtically modél thy System 1, The
preferred sofware applieationfcomputer program ix alse shown-and deseribed In the user manual.
eatitiid “SpriokPD P SpinkCALE™: BprinkCAD Studio User Manual™ (Sept. 200),

(228 Thie dynasic thodel an, based upon spriskler activation snd piping soufigurations,
sivoutate the watertravel theovigh the.systens 10°at & specified pressure to.determiine if the hydraultic
Sogton Criterinatd He i and masimuin nndatory Thiid delivery time eriteria are Sulistied,

if water diveharge fails fo oéour ay predisted, the modd can be modified fccordingly to deliver

weaker within the regulraments of the prefered bydrandic desigh srowand the mandatory Huid

delivery pariods. For sxacaple, pipig fvihe modeled systern can be shoriened or lengthened in

order fhet wateris discharged at the expiration of the Haid delivery delay period:. Alternatively, the
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dedigned plpe sysiein cogp fnplodea pump & comply with the fuid délivery reduiements. In dpe

gsperd, themoded con be desigred-and simulated with spriakler adlivation al the most Teedraulically

remofe sprnkler fv deterdne 3 toid deliverycomplies with the-specifiad maxipum fuid deliveiy

i sech that the rydrantic. design arsa 23 oan be:thermally triggered. Mevopver, the shmndiied

systany can provide Jor sequencing the thermal activafions of preferably the four most bydraulivally

remobe sptinkiets s volve for o dmaldted fiuid defivery delay perfad. Adteroatively, the model can.
beshiiddted with nctivation al the mest hydtaulicudly-vlose sprinkicf 1o detdimnine i fhuid delivety
compplien with a shindmoum foid delivery delay pariod so-as o thermally trigeer the britioa] mumbir
of spripkiers. Again morsover, The simulated gysiem pan provide for sbduenciny the thermal

sotivations of prafesably the foormost hydraulivally close sprinklers i solve for a shmudeted fid

detivery delay pevlod. Accordingly, themodel and sirulation of ihe sprinkler systeim can verily that -

ther fluid delivery to-eaeh spiinkler tnthe system falls within the vange of (he raaximum and

raiptintir Dl delivery thbes. Dynombc modsling and diniulution of 2 sprinkder system permity

Herative disign oohiigaes to be ubed o bring sprinkler sytern perforianes in sofmplistos with

‘Jesigh critéria saiier thah velying on affer conglroction moiliticationd of physical plarits W cormset

for pon-compliance with degidn speotfications.
i) Fhown tn FI3. 14is sndlustrarive. flovechart 200 for ierative Sesign snd dynamic

[3 W&

moedeling.of e proposed doy sprinkler systese 10, A mode] san be constructed 1o define e dry

sprinkler-system 16 a8 a heswork oF sprinklers andpiping. Thegrit spacing hefween:sprinklory und

Brdrieh Hites.of thesystem San be specified, for example; 10:8 by 108, 10805y 84, 00 81 by 8
example, 16,8 K faclor 286°F upright sprinkleds having a specifoapplicativn for Storsgesuch asthe
ULTRA K17 sprinkder provided by Tyeo Bire-and Building Produsts snd dhown and deseribed i

TEP33] dota sheal entitled “Ulivg K17 - 16.8 Kafactor: Upright Soecific Application Control Mode
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Sprinklir Standard Refiponse, 29607 141°C (Mareh 2006y which /s intorpettoit in it eilirety by

sofbremee: Howsver,-any sutiable sprinklercould be wsed provided the sprinkier con provide
soffielont Hhiid volume and eeclingoffect to bring ahout.ibe surround and drows effect, More
speciifeally, the suitable sprinkler provides & safisloctory fluid discharge volame, fuld diseharge

.........

valority vecter {direction and magnitnde) and Tiuid droplet size distribuden. Hxamples of biher

suitable:sprinklensiholude; butirs not Hmitsd to the Sollowing sprinkiers provided by Tyeo Firs &

Building Products: the SERIES BLOW231 « 112 K-Fuctor uphietit shd penddnt spifhllers, stimded
révponse, statidard goverages (data sheet TEP340.[an. 20050} the MODEL K17-231- 16,8 K-Fadtor
uprighi and pendant sprivdders, standard rosponse, standand poverage {datn sheet TFR33Z (Jan.
20053); the MODEL BC-25- 252X Factor extentled soverage aren densfty upiipht sprinkiers {data
shioet TERZI3 (Sept 20041 modely ESPR-I5-25.2 Kefhotor {data shoet TFPA12 (Jan, 2005}, ESFR-
17-16.8 K-factor {tlata sheot TRPILS (Fan, 200)) (data shuet TFP3 18 (Apr, 2004)), and BSFR-1-

§4.0 B-faitor (dats sheet TFPSLE (huly 20049 garly suppression fst response upnight and pendant

speisiklony, cavh of wisich is shown and described in its respective dafa sheats which are Incorporated

by refrence i thely endivety, Jo addifion, the dey sprinkler system model éan ineorporate 3 witr

stypply or "wet portion” 12 of the system cognested-ie the dry portion 14 of the dry govinkler sysfom
10. The modeled wet portior [2eaninglude the devices of o prinsary veater comteol valve, backHlow
peaventer, fire prrap, valves and associated'piping. The dey sprinider system can be Rorther
configured a8 a tree or twe with loop weiling-only system,

2] “Phesode] of tiedry Sprinkier systen san shinidite formation of the sprinkier
aperational area 26 by sitnnlatingaset of adtivided sprinkdors-fory surrpand gnd drown effect, The
sprivkies aotivatidne san be sequenetd sosording 10 user defingd patametersduch.as, for exaniple, o
soquence that follows the. prodicied sprinkler antivatiol profile, The modst san furthet Mootporate

the prefirred fold delivery debay period by simulgiing fluld and gas travel {henugl the systéim 18
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and ouf fror the agtivated sprinders defining the preféited hydaulic design arda 28, Themodeled
fid delivery thnes can'be compared to the spegified mandatory Thuld delivery dblay pérods and the-
system can be adjusted acooudingly-sach that the fluid delivery times areqn complisnes withdhe
rindatoty Suid dellivery tﬁelaggpaﬁodc Froms propeily modeled and comgiiant systern, 10, s
dotnal dry spriakiorsistern 10 can beconsitiotd.

{82257 Showen Ip FICE 18A, FIG, 188 ol FIG, 180 1 o prefusted dr}f plpe fivg protection.
systom 10° designed fn sepordanioe with the preferied design methodélogy described abave: The
gystom 187 is preferably configured for the pfotection ofa sidrhge Sotuphaiy: The sistem 18
inphudes » phugiity of sprindders 207 disposed over-a protection area and beneath s ceiling, Within
shie storape.ancd s 93 Ieast one rack $0.of 2 stored vonmmedity, Prefirably, the eommodity iz
categorived woder NFFAY conanodity classes: Class T, Clags 11, Class 1 sud (lass TV andlor
Chgun A, Croup B, and Cioup € plastics. The racleS0 iy Tocated betwisen the protection arbe and
the plurality oF sprinklerd 20° The §vstein 107 fucludts @ detwdrk of pipes 247 that artconfigured 10

suppty. water 1o the plusality of sprinkbers 20°, The network of piped 24" s prefevably desipied w-

detiver watet 0 8 fopdraulio desion aten 257, The desigaarés 2588 configared %0 a8/lo indide the
oost hydraubically renwte sprinkder in the plurabity of sprinlders 30°. The ntwork of pipes 24 e

peeferably Bled with 2 e vl at Joast one of the sprinklers 207 is activited vr a primary confrol

prefirablyorespoids v the dosign dreas provided in NEPA-13 for wet sprinkier systems, More

siefarably, the dosigiaved & equivalent to 2000 vq. i Th altenissive bmbddiment, the debign arsa is

foss than the destzn sweas provided i NFPA-I3 for viel fsi}ﬁini:ief Bysieis.

H224) ARematively, a5 opposed & vonstrapiing g nevwsprinkier systom for emploving

surround and drovy effeet, exieling wet and dry sprinkler sysfems con be retrofitied to empler &

‘sptisilder gperationst aveaip protect 2 slovage esnupancy with the suround and drown efiket, For
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existine wevdystoms; 8 conversion to the desivbd System {6¥ ';‘pé,ii?i‘mﬁs‘iﬁ aned droven effect can by
seooniplighed by ponveriing the system 1.4 8y Sesteld by inslasionrofa prifoadywader contiut
valye and pecissdry somponents to-ensure thal » drdbdatosy fluid-delivery delay petiod to flie mist
hydraulicaily rernote sprinkler is attained, Because the inventors have discovered that the hydmalic
design aren in the preferred embodiment of the preferred surround and dvown sprinkler system can
be eqpiivalent to-the Hydrmlic dusign aven of a et system designed under NFPACHS, those skitfed i
e det i veadily abply the fedchings.of the surromid anddrown techifiluie 1o existlisg wet ¥gstoms,
Thiss, applicdnts Yeve provided 9 sedhorhical réalistic muethod forconverting existing wel sptnklv
wystoms 1o preferred dey sprinkler yystems.

0228 Furthermere, (Hose of skill can fake advaniags of the reduced hydeaulic discharys of
{hegreferred sprivkier operational ares in a swrround and drown sysiern to medify existibg dry
systoms 6 produse the yamg ogarmienad acg enpable of surrounding and drowning a five, fn
vartivalay; sofmehdits suchias, Torexample, accunmiitors.of actelentors van be addedto existing
dry $orinklerdybroms foosmre that the most hivddaulically remete i‘,spriziik;im*ri{a thetsysten
expefionces ¢ munditory fuid delivery delay upohn actlvition ol the $pribiders, The inventors

believe an existing wel or &8y surinkler svsten foconfipured 10 address 2 five with & surbomid and

drown fiset can chmingte or othepwise mintodze the economic disadvantages of Slient spriviler

systoms. By addregsing fres with o swround and drown configuration nnnecessary watey discharpe

inily biravbided. Mobreover, the inventory betiave that the freprotection provided by the prefored

sprivkier gperationdl avpa may jrovide Betler fite protection thiwthe existing systens,

226} Invigw of thi iventory” discovery of o systom ensbloying dsuivound and drown
configdration to adduwesy a five and the Miventors® fuitherdevelopment-of misthodelogivs for

mplententing such'a systeny, vartous systoms, subsystoms and processes are sow avallable for

prewiding five profection oompoients; sy, desigh approaches and applicationg, proferaly for
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:$fﬁfﬁg§'féﬂ@ﬁ,ﬁéaﬁﬁiﬁﬁg 1o ong by Byote puritey sucl s Intermediary Oy el users such 48, for'sxainple,
fise protection manafactirers, supphiers, pontractors, ingallers, hutling owner and/er lestees. For
exenple, B process san be provided for-a raethed of a dry oxiling-only five proteetion systen that
awtififes the Surbonnd and drown eiftct, Additonalty or sheiatively provided can biz w sprinkler
gualified for tue-in sh'd gyststn, Parther provided can beds a complete ceiling-onl v five protection
wystern eraploying &the sw:zrmiﬁ& afid drown cffvct and its desigh.approack. Offerings of fire
protections systoms and ity methodologies employing 2 sarround and drovwn effect dab. be Turilis
casbodind in desigh dhd busitess-to-busiiess spplications ot fire piotsdtion products gad services,
0227 i anillogivative gspest of providing 7 devics and method of fire rotection, 2
spinddords pz'ﬁiémbi}’ ohiained for use in a cellingronly, preferably dry sprisikler fire protecting
systom For the protection 5T storage puoupancy. Mors specifically, praferatily obisinedisa.
spwinkiet 20-qualified for vse in b dry coilingonly: fire prétection systensy for astomage bocupancy 70
ovir o faige of weailable colling heights HT fif the protection.of a stored corimodity 50 havinga
shge of olagsificatiohs and range of storage heiphts B2, Mo preforably, the sprinkler 20t Hsed
by myorgsnization spproved by an-guthority having frisdiotion suchegs, for sxampls; NEPA or UL
for use e dryceiling-only Tire protection system for fire protection of, for example, any oné of a
Chuss 1, 1, 11T and 1V commodtty ranging in storage holghi from shout twvensy: feet to.ahoyt fosty fest
(540 £ oF ziiﬁamaﬁwig, aCiroup A plastie comemodity having « stotage helght of about twenty
feet. Bvenimors griferably, the sprinkler 20 is-qualitied for vse W adry ociling-only five protestion

system, such as sprisider sytemy 10 Qesciibed above, configuied to addressa S ovent with

-strvound suid drowi effdet,

10228 Oitaining the prefeiably Hsted sprigkior ety more dpeeifically include designing,

manaficiuing andforasgqisdving the.sprinkler 20 foruse in g dry colling-only five protection system

10, Designing or mamdietyring the sprinkler 20 noludes, a8 seen Torexample i FIGS, 15 and 16,
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& profamed gprinkler 320 havity swaprinkler botly 322 with an daley 324, optlel 336.amd » pussagewdy
32§ thershetween to doline o ¥-factor of sleven (11) or greater and more prefopably aboilt seventoen
ang even z;aa}r;_;:a"c}?mf&hiy” of abont 16.8 The preferred sprinkler 320 Is preftrably vonfigured as 2y
upright sprinkler gfthough ofler mstallafiot ponfigirations.are possible,  Preferably disposed within
fhie outlet 326 18 o tlosure assarably 332 having a plate member 332a and plug menher 332b. Ooe.
smbodiment of this profiired sprinkibe 320 fsprovided asthe ULTRA K37 sprivkler fom Tyeo Fre
& Tutlding Prodiéts, as shown and deseribed in TFE33 1 data sheet:

62291 The closwre assembiy 353 1s proferably suppdrted in place by a'thersially red
irigger assembly 3300 The ttigger awenbly 330 1s preforably thesmally rafed 't aboud 286°F such
$hat n the face of such 4 terparature, the trigper assembly 330.netumed oy displage theclosiwe
assembly 332-from the outlet 326 ipermit discharge fom the spinider body. Preferably, the
iriger assembly it configired aga bulb-type tripgerassenbly with aResponse Tive fdex 190 (8-
sec)”, The R of the sprinkler car alfesiatively be apropriatily configured foisuit e yprinkler
configuration and spiinkier-to-sbivinkler spracitig of thie Sysieth,

9239] ‘The proforrad spsinkler 320 is configired with a dedigned opdyating dr dischatge
pressure W provides disiribution of fuld to effctively addrss a Tiroavent. Proferably, the design
‘dischargs. pressure ranges from shout filieen pounds per square Tach to abont shxty ponds-per
sguaredaeh {15-80 gsl), preferably ranging fiony abous Bifieen ponnds per square inch to sbowt foxty-

Hsir pornds Per squirs lnch ($5-45 psl J, nate pridetably ranging from:about twinty puitads per

‘Bt inih to-stioit thisty five poonds per squase fich (2085 pal} and yeb-even more proferably

sanging from aboud bventy-two-piunds por squate inch to about ddity popnds per square togh (22 -

30 pst), The speitkler 320 furdher Breferably nsludess deflepton assentbly 336 to dstribwe-fluid
weer g protection arsd In o manner that overwhelms and fubdues 2 fite when eipleyed n g dry

oeiting-ouly protection system 10 configured for ¢ surround apddrown elfiett.
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031} Angther profged aspedt af th process of obtaining thesprinkler 520 o friclude
qualifing e sprinlder for usg Tn 4 dey ceilivg-only five protbttion systern 10 B Sloragsd occhypabey
configrred to susround and drawn g Bre. More proferably, the preferred sprinkles 20 van-be fire
{egioddn n manner substantislly sindley to the exemplary oighit fire testy prgviously desexibed,
Accordingly, the sprinkler 320 can'be located in-adestplant sprinkler system having # slovage
devtpancy at & cefling height above & testootamadity at a'storage height. A pliality of the
sprisklor 336 {y phoforalily disposed within asprinkler gridaystom sispentiod fion the cailing of fhe
sioupge cooupaney Yo define s sprinkler dellsvtor-dh-oniling héight and Npther défing ¢ gl
sommodily clearsnge helght,  In any glven fre fodt, the cofumodity 6 Jnited so ay o inftiste Samie
growih and iy -ﬁim'maiﬁy avtivate.ong oy more sprinklers, Floid defivery is-delayed for a
;iﬁsigmaé.pm‘iﬁti ofdelay to:he ong ovmore indtfally thermally astugied sprinkiers soas o poomih the
thernis! avtnation v subsequent set of spriikiers to-form a sprinkler opetational arca at desimed
‘spiinlder oyierating of discharke pressure-cipable of overwhishming and subduingthe firs togt.,
1833 The sorislder 330-is proferably gualified for tise'in 8 dry ceilisig-only sprinkier
wystem fora revge of commiodity classifications snd storsgs heights, Foroxompht, (e sprinider 320
plastics fora range of sorage heighls, preferably ranging between twonty fect and forly fest (20-40
# The iﬁﬁé“_}?ﬂﬁﬁﬁ"%g’?i‘iiﬁ%‘:im‘ systemm van be disposed] and fire tosted at variable cpiling heighes

preferably ranging from between. twenty-five foet-to shout forty-Bive feet (2545 £.) se as 0. define

vatpes of sprinklonio-storsge clearagioss, Accordingly; the sprisiler 320 van beofire tosted withinr

the-vesy plantspeinkdor system for atvarious ¢elling heights, for a variety of commoditizg, varioas

storage configurationy and stprige heighis suas to qualify the sprinkler for use in cpiling-ondy fig

projection systems of varylng lested pormutations of ceiling Helght, vonnpodity classifications,

storageconfignrationg and storage helght and those-combination in between. Tustead of testing ot
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smalifying & sprivkier 320 Tor  range of sforsge cucipansy &nd Stored comimodity confignritions,
the sprinkler 320 can bo fested and quatified for & single pérarieter 'sich ay'a préfermsd fuid delivery
delay pesiad foragiven stopage hoight and peiling hejght,

{0334 Mot preferably; the s_grirﬁ('i;fr%:?{{} can be gualified in yuch & manser 36 3830 be

5 “Hsied,” which Is definod by NBPA 18, Bection3.2.3{J002) st cquipment, matetialor sprvives

tictuded in a-listmlilishied by axorganizution thitis sceeptable to the anthority havisg jursdiction
antl concerned With the evalmtion of products br servides and-whose Heting stétes that the eltier the
gawpment, muterial ovservice mests spopriaty destgnated standards ot bas b fegled and found
suitable for g specific prepose. Thus, 2 Heting woganization such a8, for exampld, Dnderwriiers

10, Laboratories, fue,, preforably Hsts the spinkler 320 for use in  dry eoiling-only fire protection
Sysivin of s Storage oosupancy over the-vsmge of tested 'conmodity vlassifications, storage heights,
‘Geifing Holphts and sprivkier-todefictior T—— Moreaver, the Jisting would provide fiar the
sprivkled 320 is apprisved St qualified Tr use i a &y cailing-only five-priotection syitern fors mnge

of commeadity clagsiffcationeand storegé confighrations 8t those celling holghts and stosage helghts

et
b

Sallingdn betwaen the tested valugs,

RS H in one sapegd of the systoms and methodyof fire protection, & préterséd-sprinkder,.
suoh as for exaemply, the previously deseribed qualified sprinkier A28, van be embodied, oblaingd
andfor paictaged i a;.gaerefézfred._c:éiliﬂ;gmﬂy‘ﬁixa protection system 300 for usedn five protection of
sotage ccetpaney. As sdet for example, 1 FICH 17, shown schematically s the system 5008k
20 ciiling-doly protestion of 4 storaie deeipaney . addressaTind eveit wih a surromd and drown
affect. Preforably, the system 500 fneludes a riser agsbidly 5072 to prowids controlied
commusicafioh betwoes o Tuidor wet portion 512 the sydtein 300 dud the prefersbly dey pottion of

thesystem 514,
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T0E35] Tl Fiser asgembly. 302 preferably intludes & cofitro] vaive 304 foe contfolling:finid
delivery bobween the ‘%M:i g@z‘}tﬁi‘m@. 512 and the-diy portion. 314, More specificlly, the gonhit valve,
504 inrtudes an indel Tor soceiving fhefive Hghting fluid from the wel portion 512 and fusthér
‘Tncludes an outiet fit the discharge of the thuid. Proferably, the.controlvalve 304 is n splensid
aotuated deluge valveactosted by sulenoid 505, but other fypes of confrol valves can be wiilized
suchds, o skample, techarically orelectiically Jatchied conirol valves, Funher in e slivrnative,
the gofitrol valve S04 can bestl ait-overvwaler Taticcontrol valve, fur ekamply, oy stiown and
doscribed.in ULE, Paterit No. 6,557,845 which is Incoporated in S ontivety by reféronds. One tyge
ipretorred vontrol waive-is the MODEL V.S DECUGE VALVE frow Tveo Fire & Bujlding
Produots, shows and deseribed inthe Tveo data sheet TFF1303, entitled, ¥Wodel DV-5 Detuge-
Valve, Dinghragm Style, 1-1/2 fhon 8 Tnch (D40 thry DN200, 250 pai (17.2; bar) Vertigal or
Hordzonsd Instiadon” (Mar, 2006), which is incorporated herein i e eufivety by soferenee;
Adiseant the onderof the control vilveis pritbeably dispaied a theclevahig o provids an
iitermodiaté ares orchiamber opEh © atibspheric pressure. Toristlate e deltge valve 504, the
vizer assonidly Suvther broferably-includes two isolating valves disposed about the deduge vabve 884,
Other diaphragin conteol valves 304 that cun be used in the riger assembly 502 age shown aid
desurtbed in U8, Patont Mos, 6,093484 and 7,059,578 and U8, Paront Application No. 11453891,
{02361 in an alremative configuration, thirriser assembly or confrol valve 584 can tncinde 3
modified diaphragns siyle cootrl valve 3o asto tnclode & separate chamber, La g neutia! charnber,
1o dufive aft alt o gak seavtheréby elimbtting thi: ned for the separate shock valve, Shown i RIG,
21 iy anilldvititve embodiient of a preferred contrel Valve 718, “Thévalve 710 eludos avalve
botly 712 tHepugh which fluld van fow ing eonfrglled matner, . Mot specifically, the contiol valve
710 provides a dlaphragmi-type hydiaslic control valve for prefetdbly controllig the réleass snd

mixtureof'a frst foid vohume havivga feet Huid pressure, such as for éxample a watst maiy, with &
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Sechnd Tuid volunb abé sooond Huid préssure; such 4§ for example, coinpressed a8 confaingd ing.
network of bipes. Accordingly, the cenro] vali 710 can provids fhaid contral Setwoen Hauids;
Zasgesror combinations thereof,

f0237] The valve body 714 @;eﬁembi3*"953?1325&;13’51.;1‘}1&33 two pars: (1) 2. cover _;zj(g}riima Fida
ssd (e Jower body portion 7128 “Lower body™is used heretn.as & matter ol reference toa
portion of the valve Sody 712 coupled to the sover portion 7122 when the contzol vabve:ds flty
samembled.  Prefedably, the vitlve bidy 712 and miste speeifivally, Hio Jower Body portion 712h
imohides an inlet 71dand oulet. 716,

238 The valve body 712 alfo cludes ¢ dradn 718 fof diverting the Srst Thuid enterdng (e
yabve 7 1 through the inlet 714 1o outside thervalve body. The valve body 712 Sarther prefisably
Wphudes.an taput.opersng 720 for introducing the:seeond flnid Into the body: 712 for discharge oul
the outlet 718, The control valve 710.aleo neludes aport, 722, The port 722 can provide means for
an alarin system o mosttor thervalve for any vhdesired flndd commusivation fou andior betwesn
6 dtét 713 and the eutlet 716, Foiexaimple, the port 727 ean be tsed for provi ding-an alarm port

o fhe vaive 718 5o thit individuals o b alerted as 10 any gas of Binid leak fram the valve Yiudy

12, I parBionlar, thepert 722-0an be conpled to s flow miter and slarm artangement wy deteet the

fleddd pr.gas Joak b the valve bedy. The port 722 is prefersbly open to atmospbiery and dn
conmmunication withan atermediate chember 7244 disposed belwsen the inlet 714 and the outlet
7186,

{92391 The vover T12a and the lower body 7125 each inchude an fnner surface sach that
when-the govir and Jower body portion732a; 7125 are Jotned together, the inner surfices fither
define s chainber 724: The shimber 724, Beihg in cotmnunitation-tith the iulet 714 and the outlet

718, further' defines b possageway throtigh Wiich a fludd, quch s wafer, can fow. Dispoded wiﬂ;iﬂ

the charnbor 724 3 8 flexible preforably clastomeric meniber 800 for controfling the fow of futd
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throngh te vadve body 712, The slastemerde member §00 is tdre. preferably o diaphiagm member
configared e prowiding selective commmuication between the inlet. 714 and the eotlet 718,
Acgordingly, the ,z:ii_a;;hragm haop.at Jeast two positions within the chewsber 724t {2 lowdrmiost fifly
dosed or sealing pogition. anci(ﬁ} at gpper wost or fllyopen pas;iifiic}n. $nthe lower mostlosed o
sealifig position, the diaplisagrt 800 engages 4 sest membier-726 construeted or fummed a3 an internal,
il of riddle Tiange withi the tuder suface of the valve body 172 1hereby sealing. off
commbnivatioh Behween the inler 714 and theowtlel 716, With the Siaphyagm 800 in'the closed
position, the diapbragm 800 preforsbly disgects the chamber 724 into ol 1ot thide rogitins orsule-
chambers 724a, 7245 and 724n: More specifically Sormed with the dispiragns membir 8004n G
2losed poattion is & st fhuid supply or injet chamber 7244 fncomwrunicstion with theinlet 714, 2
second Huid supply or outlet.chamber 724b i cormmunication with.the outlet 716 and wdiaphragm
cheftbier 7240 The tover 712 preforably Tichidena contval openirg 713 for inteoducing sx
equalizing floid into the diaphraygm chamber 724010 uragand hold the Haphraghn membier 800 in
sha eloved podition.

ekt In-operation of the control valve 800, the-equalizing fuid pan be relioved fron the

=~d§ap§zmg;m chamber 7240 in-preferably g controlled manner, glectrieally or inechanivally, to yraethe

diapheage menbsr $04p the fully open or achuated position, in whitlythe diaphrags member 800
i spaced fom e sbat menber 726 therdby permitting the flow of fuid bevween fhe inlet 714 aud
the.outet 716. The dinphagm membet 800 includesaniupper surfave 802 and g lowerwwlace $04.
Bavh af the upper 2o lowor serface aivas $072, 804 are generafiystfficient in sive to soal oIf
commianication of the thiet md gitiet thomber 8243, 324b from the diaphragrn thamber 8246, The
upper suiface 802 preferably includes 5 venttalized or inlrior iing cloment and sadislly exfondisy
thergfhorm are nne ¢ mote fangential rib members 808, Ths tapgeniidl fibs 808 and intetior ringare:

preferably configured to wrge the digphragm $00 1o the sealing position upon, for example,
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applicatitn of an.edualizing Hiid 1 the uppersariace 802 of the didphnagn merbey 80¢, -
Additiorily, the dlaphragm’800 preforably-fhohudes an outer clastomenio ring elovent 808 w
rther wgethe diaphragm member 0040 the closed positon, The outer preférably-angled swefoce
of the Hexible ring slomsni 808 engages and provides pressurs confsct with & parfionof thie velve
bédy 732 such g, for exomple, the interior surface of the eover 712a,

0241 In itgclossd position, the Jowersurface 504 of the diaphragm nembei-800 prefordbly
diifings & Gentralizgd bulgéd portion §10 theiohy proferably prepeniitg a substantially. comven
urfacs, snd move prigferably § sphiontal convex suefice, with réspedt to theseat mesiber 72610 s8al
off the tlel and ontiet chambers 724a and 724b, Thelower surfhoe. $04 of the diaphragre menber
80 farerpreforably Includes.a pair of slongated sealing elements o profections 8 14a, 8¥dbo
fored seaded mgagww&iw&ﬁ&. thie-seat member 726 of the vaive body T13. 'The sealing clements
14w, $14b ave proferabily spiced apart so as to defisic 1 vt or thanmel therebstwoen, “Thesealiag
elemeite §14g, 81db m configurdd 1O engage the Yeat wisraber 726.0f the vidve Sody 7 iﬂ.sﬁiwti the
dapliragm i I the elcged position souus 16 seal off Comitunication betweeh thé-inlet 714 ahd the
oxtlet 718 and move speeifically seal off commuonicution betveen the inlet chamber 248 the
outfet chamber 7244 Farthormore, the sealing members 7144, T14b ongage the seat meniber 736
suchihet the chennshenpperates with the seaﬁmmﬁgzr:?ﬁé to-forny an intermediste chamber 734d ina
marer deseribed in greater detail herein below;

{8242 Bgtending along in a divection fom fnlet to-outhet ate brace ot support smembers,

728, 7286 Jo-supbion the dlaphiagarinertber 800, The seat iermber 726-extenis perpendicular o

the frdef-so-outist diséction sb ds to effectively divide thie chamber 724 1 the Tower valve body 7125
info-the praforabiy-spaced apat and profisably sdual sived:sub-chambery of the thler dhamber 724a
and e owtler shasher 7245, ‘Moreover, the slongation of the set member 726 mreforghly defoos d

evevilingar surfsos or-are hovingran sre length fo wivror the convex suefice of the lower surfaes 804
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of the disphragm 300, Forthetontending slong the };réfézréﬁ are Tength & e segt ipembel 72638 w
groove constracted or formed in the surfhee of theseat member 728, The groove biseois the
enggerment surface ofthe seat member 726 profirably evenly.slong the seatmember length When
the diuphagre menibsy §00-16. i e vlossd positioned, the vlongated sealing mernbers 814a, 814k
erigige the bisected suirdhioe oF thet seat iiembers 726.. Bugagerent of thie sealing members 8145,
§14b with the enbageiment sorfboss 7263, 7261 the séat nigraber 726 forthier places the thannel ot
the diaphrasin 800 in comguhioation with the groove.

{6243 The seat member 726 15 proferably fovined witlvg central bise despber 732 that
Further sepavates snd profernbly spaces the inlet and outlet chembers 7T34s, T34l and diverts fluid in
a direction between thediaphragm 800 and the-seat member engagement surfces 7268, 7266, The
port 722 15 preforably sonstonted Bom vie ormote voids formed by the base member 732,
Proforality; the post 723 incladey n st oylindrical portion 722an comisaunication with a seoant
oyiindrieal portivn 22b cach formied in the base'member 732, Thé port 722 preforably intersccls and
1§ dn conivhunication with fhe groovi of the seat menrber 726, and wherein when the diaphragm
mesnber 800 is In e closed position, the porl. 722 is further préforably in stdled cofumuniedtion
withibe chaunet Brmed in the dlashragar member 800.

15244} The communiedtion between the diaphragm channel, the seat memiber.grogve aad the

port 722 ig prstersbly bound by the sesled engagesient of the sealing clomente814a, 814b with the

serit ienther surficos 726a, 736h, to-thereby preferably define the fotth intermediate chavabor

7244, The Intermediute vhamber 7244 Is préfesably open 1o atmosphite thiereby futher defining o

kel sont, preforably B A5 genat to sotiarats the indet-and cutles chambess 7248, 724b. Providing an

air.sedt between the inlel-and dutlet chanmbers 724w, 724b sliow sach of thi inlet and outlet

:chambers to be filed and prossurized while avoldiby failyre of the sealed engigement Botweon the

sealing element 814 and the seat member 726, Accordingly;: the prefired dlaphragmeiype valve
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710 ¢an g}gg{-ﬁn;ﬁe&:ﬁgg need for & Bolnstedam check-valve, Morespecifically; becdise dach se’éﬁ's‘ag
clorent 814 15 axted vpon by & floid force cur ondy one side ol the efemest and vreforably
atmosphore pressurson the vther, e fuid pressroe i the dispheagm charaber 724g3s effudiive 16
isingaln the sealed tngagestent betweon the sealing elements 814 and the seatmembey 726 during.
pressucivation ¥ the infet and outiet chawbers 724a, 734k,

15245 "Fhie contrel vulve 710 and the riser assensbly 502 o which it 15 ovrmected can be
wlabed ity gervick by peeferably briting the valve 710t e ntimally closed pobition snd
sudmequedily briviging e intef chambér 724p gl the outlet Shainber 734% €& opstating peSvure. I
one preferred fnstalisBon, the primary Huid soorce is inbtially isolated Fom the lnlet chapher T34
by way of oshu-offeontrol valvesuch as, for example, o manug contrel velve Jocaed upstyenn
Sont the et 734, The secondary i spevee is preforably-initally isolated from the oplet
shamibier 724b by way 6f s shubt-off sontrol valve Tocated upstrean from {he input opening 730, An
‘wuntiding futd, such as water from the primary fioid souzoe 1§ fhen preferably itrodused tnto the
diaphragn chamber 724t tirough the contial opetting 713 o the cover 7122, Fluidis 'mi‘s:t'immiiﬁi:‘a"
introdunsd intorthe chamber T2do vatil the foid exéasendngh prossure P71 brink the Slapliragm
yoomber RO0 fo.the closed positfonin which the lower sutfscs 804 engages the seal niomber 726 antk
the mii&g slements §14a, §14b forp & sealed engagement aboul the sead member 726,

{9246} With {iw_-aiigsphlagm mieraber 80U in the glosed postion, the-dnist and cutler chambers
7244, 7245 can be pressurized respoctively by the primary and secondary fluids. More speeifteatly,
the shut-oiT vajve isolating the primary feid con by opered se 88 to infroduct: Baid through the infet

Iand intd the. inlet thamber 7244 10 profirably achieve u static pressure 23, The shut-off valve

Jsoldting the compressed gas cawbe opened fo intdodinie the Secondary fuid through the input

ppening 720 o pressuriue the aitlet vhambey 724b-and the nopmally-clased syitem coupled tn the

oytlel 716 of the contre! valve 710 to achievira statio pressnve P3.
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19247 The pregence:of the ugrmeiiate chambey 7244 separatine the inleland piitler
chember 724a, 724k and which Iy normally opex to atmosphere, maintaips the primary fuid
pressuse #2 to onie side of thie seating mewber 8§ 14a and the secondary fluid pressure F3 o one.side
of'the other Sealing sninibér 814b, Thus, Gapliragm wember 800 wl its sealing mombers §14y;
K14t ave vonfiguréd o 4816 sabintain the,Seated sogagement with the Seat member 726 under the
fftnenes of the diaphoapsn chambénpréisins P71 Actordingty, the dopet adid {bwet daplrgigm

strfape greas are pridimbly sized sveh (hat the pressure P iy larpe endugh o provide a cloding
foroeonthe upper swrface of the disphragny wember 800 sp.as-do overceine the privityy and
secvndary Huid pressures P2, FY vghoy therdiaplagm mewber:800 to the operyposition.. However,
prefetibly thevafo of the diapheagm prossure to-cither-the primary. fiuld pressure F12% prthe
secondiry fuid prossure 21223 Is minimived sach that the valve 710 meintaing o fist.opening
respionsl, T 4 30w i ratio, o release $uid fvont the tndet chamber when needet, Moo preforbly,
every 1y, -of diaptivagm pressure PJ ixat loist offective 1o sealabour1.2 pef bl privary Suid
messure £,

‘E_{?Eii%sj The dry portion 314 of the systam 50U prefesably inplides & netwark of pipes hoving
o mk and one ovamare braneh pipesiextending from the matn for disposal above g stored
comimodity. The dry portion 814 ofthe system 500 is futher prefoably msintaingd In ity dy stage
byd piessuriied sir surce 516-coupled tu the'dry porion 514, Spaced along the branch pipes ane
the sprinkders qualified for celling-ouly protection i the stordge ocsupasicy, susk #s for sxample,
the preferved sprinkior 320 Prefirably, the notwork of pipes éind'f;*g}‘}-;:iﬁklem' wre disposed dbove the

conmodily-s0-as-to define amininiom spinkler-to-storage vieatanue mud ors prefesatily a

'd&fimtqrhﬁc}»sﬁamge eleprance of shontthirty-sik inches, Wherein the sprinkiets 320 sretimight

siivinklers, the sy?itﬁﬁms 320 are profovably mounted relative-to the coiling:quch that the sprinklers,

-

define nadellector-io-peiling distance ol abiout soven fnches {7 in) Alternatively, the deflector-to-
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coiling distnos oon be based bpon Rricwn Yelloctorfo-ceilingypacings for eikiktibg sprinklers, such -
a5 datge drop sipinkiesk gs providad by Tyeo Fhit & Building Produbss,

{2494 “The dry pordon 314 can indlude one ormpre cross mhains s ad Wdkfine either s tred
comdigurion or mope profersbly # loopconfiguration, The dpy portien is preforably-goifigured
with a hydraulic design area made of dhout wenty-five sprinklors. Aecordingy, the Inventor’s have
disoovered 3 hydtantic desigh avea for welry oeilingronly sprisklersystorn. The sprinklersdo-
sprinkler spaciig in rangs. from & i olbout sight fat td & ihaximun of abowt 12 feet for
anobsirusted constineiion, and is fnore proforably about ted fet for obstincied chnsiruetion,
Arpoddifgly, the dry portion 514 tai be-onfigured with 4 hydinttie desigi-aron Jesk thim oretont
dry Sre protegiion sysiems specified undep NFEA 13 (2002 Profirably, the dry posiion $14 is
contigured g0 s 10 define a goverage arga opa-pecsprinkler bases ranging fons sboul clghty wuid
fout (80 $£.%) to-about ane hundied sqoure fiet (100 TLH).

16258} As ecribed ghove, the survound and diown sffeet 15 believed to be dependant ypon
w debignad o soniralled fluid delivery iieilay"faiir}wiﬂg} prie or meore-fitially thermally actosted
sprfokders o pretiif 4 five event 1o glow and further thérmally getuste-additional sprinkiers s form &

spvinkler opevatidngl wres fo.¢vdtwhelm and shbdpd the fire event. The ,}‘iuiii.éf;ii%fy frofn tiewit

portion 12 o the dey-porlion 514 is oontrolléd by acipation of the control valve 508, Totondrol

avtusfion of the conirol valve, the sysiem 500 prefensbly inciudes o releasing conteol prite} 318 o

energiee the selenold valve 50510 opersto the solencid valve, Alternatively, the control valve cap

be controlied, Wwired or ofherwise configured swoh that the control valve is normally stosed by an

Srisegheed soleviold valve and aceordingly dctuated open by de-encrgizing sigral tothe solenoid

®

valve, Thesistem SO0 dan be configured e dry proaction systernand §s more prciha&iy
sonfigued as & doubls-interioek Pregetion system hased upen in-part, o detettion 6f o drop ih dr

pegssune I thedey portion $14, To engure ihat The soleoid valve 585 i aporopristily snotgized in
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sespone 10 & Joss In prezsiwe, the-dystem 500 further profitably inclides an aocéletatos devite 347
to-redues the operating time of the eputrol valve ina preaction system.  The atedferalor devibe 517
i= preferably configured to defect asrvall vate of decay in fhe air prossure of the dry portion 514 to.
sigoul the reloasing Hahel 5184w encrglye he ‘sodenaid valve 505, Mosgover theasesieraterdevice,
517 can bea progreninable device to program wnd effsct an adequate mintmum Huid defivery delay
pesind: Onie pinfened erbodiment of the aveelerstor-device iythe Mol (RS Blettranie:
Aceelcrator fom Too. Fire & Biilding Products 2y $hiown and desteibed 18 Tyeo data shest
TEFTIN0 sutitied, “Model QRS Bleckronle Acoelprtior (Quick Dpening Devive) Par Diy Pifie or
Preastion Systems™ {(May 2006}, Other socelerating deviges van be ulilized provided that the.

aivelorator device Is competible withthe pressurized soree and/or the réloasing contro] pansl-when

eiployed,
G251} Wheie the system 500 is proferably confignredas 2 dry Soublesinterlock proaction

wystem, the vklenstng control panel 518 can be configured for deinmunication with omse orxeore fire
ditectins 520 to Interdock the panel S18 1h entrizing the solefioid valve 305 to actiitte the ooatinl
vadve SU4, Acvovdingly: one or swire fire defectors 570 ave preferalily spaced from thesprinklers
3208 droughout thy storage ocoupaney such that the fire. defeetors operate before the sprinkiers in the
eventofe fire. The detstiors 520 van be any one of smoke, heat or sy otber type vapable fo detest
tha weseive ofa Hre provided thse detostor 370 can senerate:signal for use:by the refeasiog control.
panel 51810 chergibethe solonold valve to operate the control valve 504, The system candncluds.
additionsl mariis] wechagicdl or electiical pall Sations 322, 524 capabls of setting vondfionsat the
prnet 518 {o abtuate the solenold Valvé 5308 aid oberme the tontrol valve 504 for the deliveryof
fhaid, Acousdingly, the cotdrol pane! 518 is-configued a8 & device capable i yeodiving sensoy
informytion, dafa, or signals vegarding the system 500 and/or the storape oucupay which #

provesses via relays; covtrol dagle, neontrol processing unlt or other cerrtrol modale To'send an
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aefuiating dgnal fo operats e dontro] valve 304 such as, for example; enetgha thestlehold valve

505,
[uzs2) in conneciion with providing a prefiared sprinkler foruss ih a iy celling-only fie

protection systens of alternatively In providing the :%?}r&;tqzﬁ,, itgelf, the prefemred deviee, syslem ot
eethpd ol ave further provides designoriteria for confignring tie.sprinkler and/or systems o offect a
sprifiklet oporational ator Having ¥ surround and deotwn conligiration for addtessinga fireevint ina
storage cegsipancy. A pieferred colliniponty dry spéhilder Syston configured for sddressing & fie
geeit wWith 3 surdouind ind deown configuration, such s for ckample, gistem 500 defunibed aliove
nelades arspinkler ambngement rolative fo ariser aisembly W défine one prioidre duost
?.sydmaﬁaaﬁ;r yemote oF demanding spriiless 521 and further define one-ov motp hydraghivally lode:
or beast-demunding sprinklers 523, Preforalily, the design orilerin provides the maximin and
wigdinuin Tuid delivery delay periods$or thesysiem to bs tespeciively Jocated at the snst
Hydraulically remate sprinkfofs 521 -and the most hydriulically closs sprinklers 323. “The desigmed
faximinn fod miniem Sid delivery defay periodd belng configured to'dusure that sach spiinkier
By the-systens S0 basa designed fnid delivery deliy pedidd swithi the mavdsrms ed minimm
flitd delivery delay periods w perpit fire growth in thie presening of g fire dvert {6 o]y sctuate &
sutficient number of sprinklorsdo Brm o sprinkler operatiopat-wrea fo gildvess the fire eveis.

w25y Becayse a dry celling-only fire protection sysiem-isprefirably hydrauticatly

configuréd with 2 ydmukic design arcn and designed operating pressure. for a given storage

oeciiphney, chrmmadity dlassifisation and storage Height, the preferred radxiomam and mindmarn faid

dolivity perfods are. praforably fundifons of the hydraulic configusation; the pconpancy coffing

height, aind stoyage height. 1 addition or sliersatively to, the maimu and minimerk fuid delivery

delay perfody cur be Ruther confipnred a8  Ranetion, of e storage configiration, spiiklénto-

slorage clearanes atelfor sprinkloto-colling distance,
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{0284 The madmun dnd mininiun fuid delivéry thue design crileraoan be embodied g
dutabase, data-tabissadior look-up fabde, Foresample, provided below. g flaid delivery design
tables;gesrated for Class Tl and Class I commundities m varying storage and ceiling heights for

given design yresskes-and hydrantic design atens; Subskatilly shnilatly configured data tables

5 cax beconfigured for other classes of commodities.
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Belay Period Table—£iass IT

SEQUERTIAL OFENING FOR
SRR FLUY DELIVERY
FELAY RERION (BB

STORAGE . iigg%ﬁ AR FLNE | mar FLUID

HET (FTS DESIGN | AREA{NG. | DELVERY | DELIVERY

20635 23 25 34 9 0 3 § Hy
35450 i) 2y 30 g ] 3| é %
2835 22 23 3% '9' ) 3 & by
28435 2 28 36 g 8 3 5 16
333 2z 25 3 4 & 3 8 ¥
R :3 ay 3 & & k! & n """""
35440 7 28 30 & ) 3 & 16
Hyas 23 35, Ely <.> g 5 & )
35046 B 2% 36 g 0 3 & g
443 30 25 ¥ ¥ 8 3 3 19
3 2 s lal s |6 ||
36043 &@ 25 23 c:z 4 3 § £
35S 36 23 2 9 B 3 § 0
EEERS 30 28 23 iy & 3 % B
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joss]
SEADENTIAL DPENING FOR
FNIMLIN SO0 DELIVERY
DELAY PERIOD (85}

o MAX, . .

BYORAGE ] HYDR, _ FED N FLUID

BETIT) | DESIGH UEMIBN | DELVERY | DELIVERY

JOpRLNG ] PRESSUR | ARBANG, | PERIOD | PERIOR » ,

HETIFTY | EDPER 1 BPRINKY | (BEGY mECY | L W wd | oaT
20730 36 2% 25 3 ¢ 3 $ 7
25030 3% ik 25 § & ¥ § 7
2035 Kle ks 25 & f 3 o 7
TR ) 28! 25 % 6 3 § i
fgns 306 23, 25 & ¢ 3 5 7
20040 38 28 23 8 b 3 3 1
25144 30 25 35 & ¢ 3 $ v
30040 kit 25 23 g & 3 5 g
3§D 38 2% 23 kS & 3 & 7
Y45 38 8 25 5 ¢ 3 5 7
28045 34 25 23 8 ) 3 5 7
44445 30 il 25 § & 3 ¥
35/45 30 24 25 8 % 3 5 7
Agas 56 28 25 3 5 3 3 i

A i abovetables preforably provide theamaximum fuid delivery delay petiug for the

‘one ormore ost ydeaulioally temote sprinkless S21 taa system 500, More profirably the deta

talble i¢-conflgured such that the maximumm thiid delivery delay perfod is designed fo be.applisd to

thie foar inost bediauliosly oot spitnkiors, Bvenmnore preforably the lable ¥s sonfigured to

“Haratively verify that the fhuid delivety I sppropriately delayed gt the time of sprinkler aperation,

For example, when ruudiyg a sipiildicn ol Systui openation, the four tnost hydrulically tomete
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spriklens ars-Sequenved-and the abssnoe of fuid discharse and more specifically, the absende off
fhuld discharge of osign presaure fs-verified of tie-tine of sprinkier ﬁq&;}ﬁﬁ&x@ Fhas, tis Compiier
simulation san verifythar fluid dischorge of designed nperating pressure i not present at the Tist
st hridraationtiy-fermote speinkler at 2ero-seponds, et fluid dischargeat .eii;séignf:‘éi operating
pressure 1% not hresent at s sevond mest hydraulically dlose sprinkler three seconds fater, that Huid.
disvhabie at &gﬂigﬁ,ﬁd eperafing pressurd i Bot présent at the third most hydraukically remote
Spstnlder $ive o she-Seconds dflerthe Firet Sutuation dupending upon fiie clasy of thiscomnodity, and.
that finid discharge w8 designed oporating plessint is ol present at the fourtl n@g‘)s_’p hyitantically
veraote spiinkfer sovends aﬁgﬁi seconds affor actuation of the first sprinkier Sepending upon the-class.
of the ft-:‘m'ﬁms}éi:gy; More gmféﬁibi’g; thesimulation verifics that oo Snidis discharged st the
{iexs,gnm Bpstating préssure from anty of the four mast remote, wriﬁ&flam'prim‘ fooarat the moment of
aetivatiisn of b St most hydradically remote sprinkler.

{02381 The advimur fd delivetiperind ;&reférabiy presenls the nalndosun fuid delivery
period o the four crifioal sprinkiény hydeaulically most cloge fo the der assembly, Thedais kbl

fusther preventy the fowranintmoum Suid delivery times to the regpective Tour hydvsidieally citse:

sprinkless. Move preferably, the data table presents a.sequence of spinider aperation for sitmldting

systen ciparation and sery that the Thid flow is-delayed appropuiately, Le. fluid is not presdnt or at
tongt fot dischaged at desigtind dperating pressire atdhs first most fydrantically dloassprinkler at
wazees sedonds, Hid I8 viot dhichargid atdesigntd operating presswe atthe second most hydrantieally
clogs spvinkder af thetd sbcoddsafier firk sgﬁrﬁﬁ&‘er ~ac‘iiv"&tibh,,: st iy not Sischarped ot designed
opersting, pressuro ol te seoond viost hdeanlisally oldse sprinkler three sedonds-afier fivst sprinkler
avttvation, fuld is gt discharged ar dest gned operating pressure st the thind post bydraulically clo
s;;';f‘a':tii{ii%ﬁr Bvetorsix soconds wffer Brst sprinkder activation depending spon the clags:of the

somamodity, aid Huldie nes discharged at designed operating prassure ab the fouith most
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hydeautiontly closd sprinider styen t pight seoonds sfter fivet sprinkler avtivation depending ypow
the class of gormhodily. Mote préferably, the siomlativn verifies it fhuid is ol dischiarged at
designed operafing pressere fromany of the four mbst hydraglically sloge sprinkiers prior trorat
the moment of activstion of the Rearth, mest Tydrantically close sprinkler,

h2ss frrdhe profrred embottiment of the daia table, de maximum and minfmon feid
detiviry deluy periods ae proferably a funetfor of sprfnlderto-storage clearance, Preferred
smibigttiments 67 the data table snd system sibwh and deseribed dis produst detu sheet TRPIT0 from
Tyeo Bire.& Buildin Plodurss satltled, “QUELLTY Systeis: Prenction dnd Dry Pipe Allernatives
For Blimindting foBack Sprintfers™ (Aug, 7006 Rev: A), which I invorporated hereii i ifs.
srstirety by seferease. Fhown I FIG, 174, v e preferved fowshart-of & meshod af eperation fors
preferred sysiesh copfigured to address s Hre ovent with o sursound and diown offot,

10268) Acnordingly; a-preforred data-table Includes o fisst datn array characterizing fhe
‘sterage Decupdity, arsecond dats antdy chirsoteristhy o sprinklen, 1 thind data arvay iduniifying o
Bydranic design aria o g Taciien of the fist and second dataamays, snda fourth date asray
idemifying & maximwn fhuid delivery delay poriod dud 2 fdnitiont fuid delivety delay period sach
bedngs fmofion of the fieet, second and (hitd datgariyd, The data tablecan be eonflgared asw

fuink-up wable fn which any om of the fiest second, and third dafa arrays determins e Tourth dhta

gy, Alernatively, the delabase cani be dimplified 083 to present a single speeified maxigom

floid delivery delisy puriod o be inevepbimed into a cailing-vnly dry sprinkier sysiam fonddress a
fite in & siorage voonpancy with asprinkier openitional aress baying surround and degwn
cosifiguiation sbout the fire event fora given ceiling height, storage Helght, andior commodity
classification, The prefereed sinplified database can cinbodicd. i a datis sheet for s sprinkier
providing a single fludd délivery defay heriod thit provides & steround dod drown firé protection

soverage forope ormorg conmyodity-classilications snd storage confiptwation stordd i octupanty
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havihg adefined maxdmum celling beldht uwp o o definkd maxintyn storage height; Fot mng
onse Hlosteative cbodiment-of o si’:aﬁﬁiii‘iad date sheot is FM Engineéring Bulietin (61-06 (Febrnaty
28, 2008} which is tncorporated horein in its-entirety by reference, The chomilary shmplified datk
sheot provides » sitgle masinum fuid detiver delay period of thirly seconds (30 seo,) for piotegtitn
ot Clasy T and I conmeoditios op-fo thirty-fve feet (35 B na fortyfoof (40 &) siorage opeupancy
vsibg 2 16.8 K fogivel snodéspetific dpplivation spridider. The data sheet can further preferably
speitfy that the Huid delivery delay pestod I 1 be ez»iﬁaé'ié—émé’m e foir mbst Tydvaubically romote
sprigklers 3o a3 to bring abod 4 sursoind and diown-offvet,

#2611 Civen the shove desoribed sprinkler peifornittice dats, aytem design oritedia, and
knowr meétries for charaoterizing piping systems and piping components, sondiguemions, fire
protection systems,.a five protection configured for addressing a fire-event with a speinkler
operational arss i asurronndand drows configiivation can be modeled in system modeling/fluid
stipudafion softvae, Fhe'sprinkier systonvant its sprinklers canbimodeled and the sprinkler
system can be sodencdd to HeratiVely desiyn g.syisten capable of fuid delivery inacvordance with
the designed Huid dulivery periods. Forexample, a &y Seiling-only sprinkler sysiom con;ﬁg_maﬁ for
adkiressing 2 Hive pvent with & surround and drown sonfigitation can be edeled in & softwite

package such as dosoribedin PET Tmemational Patent Application filid on Ot 3, 2006 entitled,

“Systom ant Melliod For Bvalvation of Fiuid Flow fna Pipiog Systomy™ having Docket Number 8-

»

FRO000TWD ,{}ZS%S:’»J&»»?SE%W}';& whith i incorporated by veference inifs entieely, Hydraulieally
remote and most hydaulically olose spriskier aitivations edn be prefeesbly sequenced in 8 manngr
as provided in a dofa teble.ds shown abiove 1o ey thist ’ﬁt,{i"éi defivery bocurs aecordingly.

6] Altematively-to desighing, menuacturing snd/or qualifylog a prefecied ceilingosly
dry sprinkler systems having s suvround and grswn tosponse-fo'a fire, orany of ifs subsystemi or

components, the prawess of obtaloing the preferved system.of sy of Tty quilified coniponents chn,
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exstail, for examiple; acquiring sueh a system, subsysfern or component: Acduiring the qualified
spvindler oy further fnclede recely ing & qualified sprinkler 320, 4 freferred dey sprinkier systein

500 i the-designgand tnethords of suel s system as desoribed shove from, forexample; asupplisror
wanufreniet i thevdowise ol  business-o-business transaction, through a sapply chatn relatienship,
such. 8¢ botween, Ty xpmplé, Smanafzetmer and supplier; betwesn & manutaotucer and retail
supplier; ov befwhen supplsrand mm;‘aamrfim’taﬂm‘; Alternativelyacguisition niithe system
and/or fts somponentts tan bé setoniplished through @ dontradtual wighebent, for exdmpl, a
contactor finstalierand storage vorupined ownei/operatds, propéry anssetion sagh o8, for-
exginple, sale agreemnent Between seller snd buye, or'lease agreomi befwesy lodsor and Jeases,
10263 1 addiston; flie preferred process of providing & method of five-proteciion edp inélude
distribution of the pesferred :caiﬁing«o&ﬁydry sprinkler system with a surround and dren thermal
wésonse, tig subsystonis, somponeits and/of iy methods of design, configuration and uss in.
comeetion with the wahsachios of a_e‘-;qx;ziﬁiﬁgm as-described above. The diswibution of the system,

subsysion, snidfor sammponeits, andier its alsoclated methods can inthudés the process of packeping,

Tnventorying or warghousing andfer shipiiog of the syston, Subsystem, bomponents sndfor s

assecigiod methods of design, configrations and/or usg.. The shipping can fneluds individual avbulk

fransport of the spriakier20 over air, landor walgr, The avenues of distribution of preforied

priducts sl gervides oo incinde thosy schematioally shown, for example, s FIG, 200 FIG. 28

ipstrati how e profitred systerns, stbeystems, components and assonjated preferred methads of

five protectivn can he tsnsfiired o one parly to anothér garty. For exanigle, the preferred
sprinkier design fhr o sprinkier quitlifisd to e used s celling-onty dry sprinkler Tor storage
secipaney eonfigured foraddressing a five event with-d surrpand and drowa configiwation cai be:

dstibuterd fram n deaiznerie s manafasturer, Methods of installation and System designs Pra
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prefied sprinkles system employing fhie suevonng and drown 8%t ean be nsferesd foin 2
manufione to.a sontrasterinsiatier.

102641 Trons preforred aspectiof the process-of distdinion, e process vap futher nclde
pubiication of the preferred spiinkder systern having a strronnd:and deow response conixguration,
He subsyitens; cumponents aodlor agsociated sprinklers, methods and applisations of fre
photeetion, For-exafmple, the sprinkles 330 wan bé;}mbii-sheéi Jry avatalog for & saloy-effering by any
oneolz menafoturey atdfor squipineht supplior, The eatalog can be & baid copy media, soch as
papey catalog or brockure oraliernatively, the catalog can b8 in electronde forhiat, For exariple; the
eatadog can be sn on-line catalog available kv & prospective huyer or per over wnetwbrkuch 1§, fof
example, s LAN, WaN or lnfernet.

easy FIG. 18 shoyes 5 computer processing deviee 600 having a cented] provessisg neil
H10 fof perfonming memory sordge fnictions with a memory storage device 611, and futher for
petfonmity date proeisihg or roning Shomistiong of solving calvulations. The processiog it and
storage devize san b condigured Yo stoe, for ékavipile, 4 ditgbaserof fre test.cata vo bulld a'dmabase
of design criteris Ror configuding and designing 8 sprinkler §ystom emploving a Buid dolivery delay
gaﬁiﬁi:ﬂar gonerating.s surround:aed drown effect. Moreover, the devive 600 can be perform
ealculattag Fanoftons such as; Tor exenple, solving Tor sprinkler attivation Hme asd foid
distrifsution tirges o a mﬂs!m@ie’:&-‘spﬂﬂkiar—sysitm model, The computer progessing ﬂwm H0
enn further Pheluds, & dats é;&t;y-'dévi‘at‘: 612, such as for izxamgﬁe, 4 vomputer kevbosed and a Gisplay
devics, sueh s for example, 4 computer wonitor t ordts perfotm sach Processes. The computes
provessing device 608 van be embodied as.a workstation, deskiop computer, laplop computer;
handheld device, orastwork serven

LR ot more compuler provessing deviees 600a-600H cig bernetworked vver e LAN,

WAN, or Infovnet ag soen, for example as szen, in FIG.19 fior comtmdnication to offect distribution
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of profecred fre projegtion produnts and services-dgoniated withaddrezsihg & fire with esuorowd
and drown effect. Avcordingly, a system wnd method ty preforably trevided for Hansfetring Gre
profestipy sysiems; subspitems, systereomponents and/or assosialed methods erploying the

stsboutsd sind drbien offdt sughias, for exataple, asprinkler 530 for use in a proferred ooitingrouly
) e, SR F gy

W

soeriiklor Syetim to proteet'a stofage-ootipaney. The taansfer can oot betwesn. a first party uding s
$est computer procassing device 6000 and d.secohd party using & second computer provessing
device 80y, The method vreferably iiclides offeting & qtréiéﬁ ed sprinkder fir use io.adty coitlng-
only speinklersystens for a slorage osoupanty vp to, s celling helghtof showt forty-fivie fect.having &

commidity stoved wp 16 about Torly feet and deliverion the qualified speinkler In response to 4

xiiphest fof & sprinkler for ase in Seilivg only fire protection system.

Jon

(0267 Offerliig & qualified sprinkler preferably includes publishing the gualified sprinkier i
at lodst one of s paper publication and ai on-line publication. Moreover, the publishing'tn an one
{ife publisation piéfembly iclides hosting 2 datd-attay abiohi the quelified sprinkier on s vompuier
provessing device such as, for example, a servir 600a and 1§ memoy stiadge deviss 512,

preferably coupled to the network forcommunication withyanother conipaer frovessing devick:

ok
k¥ 3

§00gsuch asfer oxarnple, 6004,  Allernatively any other computer processing devise such asToe
exarmple, a laptop 600, cell phone $00%, personal digital assistant 6000, or tablel 5004 gonagossy:
ihe gsﬁ%::é.émﬁﬁn to reteive distribution ofthe sprinkler and the sssocinted data array. The hosting can
further Inphude donfipuring the dela aray sd s toinclude a lsting authority element, wK-faclor data
o clenwit, o empeture fatitg dida element and 4 sprinkler datd ssz‘).:;d:i;_gu‘mﬁm lentent, Configuting
the dalacarsay mefersbly Tnehuded configering the Biting authbrity clement s for exantple, bidng
UL, vonfiguring the K-facior data.clement as Being aboul sevenitgén, copfiguring the wmpbratute
vatitg dafs clestentas befrigrabput 386 °F, and configuring the:-sprinkier configurbtion dats element

wsupright. Hosting » data aveay can further include KentifVing parameters for the dty celling-only
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sprinkier systow, the pafomaters tdluding: a Rydraiic-désign srea frctading s spiinkisedossprinkler
spacing, wmaxinway fuid delivery deldy pedod to o most hydraulically temote sprinkler; indd
st Skl delbvery é&lﬁg period to e most hydraulisally close sprinkler.

h268) Thepreferred process of distribufion pan further inclhude, distribnting « method B
desiguing 4 five protection aystrn $or a survound and drowneffoet. Bistributing the sethod ean
tncdude pobificetion of & datilbidse of dosignritéria as-an elostronic duta sheet, sveh as for esample,
at Teast one-of s it file, opF, o editable texs file. The databiase can Thrther include; in addiien
iy thedata. lements and degign pdfametons destaibed abovs, ninther dafadinay idomifying s viser
assebly for use with the sprinldecof e fist:data array, and oven Tuither intlude g sih dats siray
identifying ' piping systens 10 gougle the sowtived vabve of the Hfth. dela array to the spiinkier ¢f ik
frytdatn ammay.

153681 An end of Interivdiate wserof Tire: profection products and servines ¢an amoess &
séver or werkstation of 8 Sugplier 6f buich produits orsetvicss vver a tatwork sssestin FIG. 1910
gowidoad, upload, sbeiss off Inferatt with a distributed corpontnt o systmibmﬁmm sofiware
applications or desips-criiéria fov practichng, loarbing, inmpléineriting, or plrchastng the surround and

ofher infermediate user can aceess & product data sheet for o prefivred ceiling-only fire mretécion

systons oontigured to address p fire ovent i a surronnd and drown responss, suoh a8 for.éxample
TEPATO (g, 006 Rev. &) in ordirto soguire o corfigore such a sprivkler system for response-to

A fire eviint with & surdund-and drown configaration. Furthermote s desigae can download or

aecess daty tbled fof Huid delivery delay peridds, as-desoribed above, andd furthier nee or Heemse

shmtfmion veftware, mich a8 for esample the-deseribed In POT Insprnations} Pardet Applivation fifed

o Dol 3, 2006 eatitled, “Sygiem and Method For Bvaluation 6f Fluid Flow in & Piping Systeny™
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tmving Dockel Mumber S-FE:DD081 WO (73434-020W0), 1o fératively design a Sre profection
systom having & sueround and drowneffscd..

{70} Where the process.of diseribution providesdor peblicefion of the preferred ceiling.
%}niy"&ry.sprinkiﬁr Systents hawing & surround and drown responss. configration, iy subsystems and
it nusoctiated methods i ¢ hatd vopy wedis format, the distribution process can furher indlude,
distiibution.of e vataleged nformation with the produet of serviee being distributed. For example,
apaper copy of the dat shoet for the spriskler 320 can be diclude in'fhe packaging for thespriniley
320 to provide instailation ve configutivh infirmation 1 auser, Alernatively; daystent dath stivet,
such a8 for oxample, TFP 370 (Aup. 2006 Rey. &), can’be provided with & pordhase of & prefiired.
Sysitenviser assensbly o supportand implement the surround and drewn response configuration;
Thie hardl copy data sheet prefirably inludes the necessary data tables and hydraulic desigh orheria
fo-ussist & designes, Installer, orend user to-configurs s sprinkler system for stotRge veoupancy
eraniovidg the-sarvound and drovsn éffent.

HLiPEEE: Accordingly, epplicants have provided an appioach fo fire protection based wpon
apidressing a fire event witha syrsound gnd drown effect, Thisapprodel can be edibodiodin
aystems, subsystens, sysier componenis and design methodoloeles for mplemienting such Systems,
subsystéme and components, While therpresent lnvertion has been dsclosed with sefirénes fo
certsin enbodiments, numerous modificati o, adterations and ui?a;tge-s {0 the deseribed

sabodiinonts ire possibli without depting from the sphere and seope of The prosent jnvention, as

dufined inthe appended dalg Accordingly, it s ibtended that the present ivvertion wol be Bmited

o the deseribed embodimonts, but.that it es the full scope defined by the lahguage of the following,
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What we claim is:

1. A ceiling-only dry sprinkler system for a stoeagccupancy, the storage occupancy
defining a ceiling height, a storage configuratiang a defined storage height, the system
comprising: a riser assembly including a contrdvgdnaving an outlet and an inlet; a
first network of pipes and a second network of pigsposed about the riser assembly,
the first network of pipes defining a volume contag a gas in communication with the
outlet of the control valve and further includinglarality of sprinklers having at least
one hydraulically remote sprinkler relative to thelet of the control valve and further
having at least one hydraulically close sprinkidative to the outlet of the control valve,
each of the plurality of sprinklers has a defleetod is thermally rated to thermally
trigger from an inactivated state to an activatadesto release the gas, the second
network of pipes having a wet main in communicatitin the inlet of the control valve
to provide controlled fluid delivery to the firsetwork of pipes; a first mandatory fluid
delivery delay period defining the time of fluididery from the control valve to the at
least one hydraulically remote sprinkler; and aoselanandatory fluid delivery delay
period defining the time of fluid delivery from tlventrol valve to the at least one
hydraulically close sprinkler.

2. The system of claim 1, wherein the first mandatlid delivery delay period defines
a maximum fluid delivery period of about thirty seds (30 sec.) and the second
mandatory fluid delivery delay period defines a imuam fluid delivery period of about
eight seconds (8 sec.), the maximum fluid deliygiod being the maximum time for
fluid delivery at a minimum operating pressuredarfmost hydraulically remote
sprinklers and the minimum fluid delivery periodrxgthe time for fluid delivery at the
minimum operating pressure to four most hydraulycelbse sprinklers.

3. The system of claim 2, wherein the network @iegidelivers upon simultaneous
activation of the four most hydraulically remoteisglers the minimum operating
pressure of fifteen pounds per square inch (19 p&fluid from the fluid source to each
of the hydraulically remote sprinklers defininges@yn area within twenty-five seconds
(25 sec.).
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4. The system of claim 1, wherein the first ancosecmandatory fluid delivery delay
periods are a function of at least the ceiling heand the storage height, such that
wherein when the ceiling height ranges from abbintyt feet to about forty-five feet (30
ft.-45 ft.) and the storage height ranges from abweanty feet to about forty-feet (20 ft.-
40 ft.), the first mandatory fluid delivery delag/less than about thirty seconds and the
second mandatory fluid delivery delay period ranges about four to about ten

seconds (4 sec.-10 sec.).

5. The system of claim 4, wherein the pluralityspfinklers further define a hydraulic
design area, the design area including the at teashydraulically remote sprinkler, the
at least one hydraulically remote sprinkler beiogrfmost hydraulically remote

sprinklers.

6. The system of claim 5, wherein the hydraulidglearea is defined by a grid of about
twenty-five sprinklers on a sprinkler-to-sprinkigracing ranging from about eight feet to

about twelve feet.

7. The system of claim 5, wherein the hydraulidglearea is a function of at least one of
ceiling height, storage configuration, storage hgigommodity classification and/or

sprinkler-to-storage clearance height.

8. The system of claim 5, wherein the hydraulioglearea is less than about 2600
square feet (2600 f).

9. The system of claim 8, wherein the hydrauliagiearea is about 2000 square feet
(2000 ft?).

10. The system of claim 1, wherein the pluralityspfinklers further define a designed
area of sprinkler operation having a sprinklerfpoiskler spacing ranging from about
eight feet to about twelve feet and a minimum ofreggpressure being any one of 15, 22

and 30 psi.
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11. The system of claim 1, wherein the ceiling hergnges from about thirty feet to
about forty-five feet, and the storage height ranigem about twenty feet to about forty

feet.

12. The system of claim 1, wherein the storageigardtion is any one of rack,

palletized, bin box, and shelf storage.

13. The system of claim 10, wherein the storagdigoration is rack storage and the
configuration is any one of single-row, double-ramd multi-row storage; the gas is one
of pressurized air or nitrogen; and the first netnaf pipes comprises at least one of a

loop configuration and a tree configuration.

14. The system of claim 1, wherein the system idigared as a double-interlock
preaction system, the system further including@neore fire detectors spaced relative
to the plurality of sprinklers such that in the ewef a fire, the fire detectors activate
before any sprinkler activation; a releasing cdmemel in communication with the
control valve, wherein the control valve is a soldmactuated control valve and the
releasing control panel energizes the solenoidevidi actuation of the control valve
upon receiving signals of either a pressure decdiyeodetection; and a quick release
device in communication with the releasing conpahel to signal the releasing control

panel of a rate of decay of gas pressure in thearktof pipes.

15. The system of claim 1, wherein the storageigardtion is a commodity of at least
one of (i) Class I-1ll, Group A, Group B or Groupvith a storage height greater than
twenty-five feet; and (ii) Class IV with a storalgeight greater than twenty feet.

16. The system of claim 1, wherein the pluralityspfinklers comprise a K-factor of

about eleven or greater and an operating pres$afgoat 15 psi. or greater.

17. The system of claim 1, wherein the pluralityspfinklers comprise a K-factor of

about seventeen.
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18. The system of claim 1, wherein the pluralityspfinklers are control mode specific
application sprinklers defining a hydraulic desagea that includes the at least one
hydraulically remote sprinkler and a grid of abbwénty-five of the sprinklers on a

sprinkler-to-sprinkler spacing ranging from aboigih¢ feet to about twelve feet.

19. The system of claim 1, wherein the pluralityspfinklers are control mode specific
application sprinklers defining a hydraulic desagea that includes the at least one
hydraulically remote sprinkler, the hydraulic desayea being less than about 2600
square feet (2600 f}.

20. The system of claim 1, wherein the storageigardtion is Class Ill and is stored
beneath a ceiling having a maximum ceiling heiginiging from thirty feet to forty feet
(30 ft.-40 ft.), the rack storage being any onsingle-row, double-row and multi-row
rack storage; wherein further the plurality of sgters are control mode specific
application sprinklers defining a grid with a spr-to-sprinkler spacing ranging from
eight feet to twelve feet (8 ft.-12 ft.) so as &dide a coverage area per sprinkler ranging
from about eighty square feet (80 sq. ft.) to alwmé hundred square feet (100 sg. ft.),
each sprinkler including a sprinkler body havingraet and an outlet with a passageway
disposed therebetween to define the K-factor, sucassembly, a thermally rated
trigger assembly to support the closure assembaceadt the outlet of the sprinkler body,
the trigger assembly having a temperature ratingpotit 286° F., and a deflector spaced
adjacent the outlet to define an upright configoraof the sprinkler, wherein further the
first network of pipes include at least one maijpepand a plurality of spaced apart
branch lines interconnecting the grid of sprinklé¢ng first network of pipes locating the
grid of sprinklers relative to the wet main whertirther the at least one hydraulically
remote sprinkler includes about eighteen to twesmty-18-26) hydraulically remote
sprinklers in the grid of sprinklers to define albhgulic design area of the system, the
first network of pipes which, upon activation dfitst hydraulically remote sprinkler,
delivers fluid from the fluid source to the mostgulically remote sprinkler within

twenty-five to thirty seconds (25-30 sec.).
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21. The system of claim 20, wherein the hydraudisigh area comprises about twenty-
five (25) hydraulically remote sprinklers.

22. The system of claim 20, wherein the hydraudisigh area is less than about 2600
square feet (2600 f}.

23. The system of claim 20, wherein the storagepaacy is a freezer storage

occupancy.

24. The system of claim 20, wherein the grid ofto@irmode sprinklers comprises a

plurality of upright control mode specific applicat sprinklers.

25. The system of claim 24, wherein the grid ofrdgers has a minimum operating
pressure being any one of 15, 22 and 30 psi.





