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o/.~prinklr;r .$'y.¥itfjmJ: 

Te'C~~ F'if:lq 

;;pritikltf,~ejl:i, $tijtl\ble fur 'dte p1v~ctloo ofl!lor?,ge occ;iw:.mcies, wh~ch iiseiMumrrotmd:and 

dl:qWJi efieot fo a1taress aJh:e eyi.:;rif, The pr,eseut l)wentlon is .. futt}i~ dire~. to the m;;ifhod ~f 

d~n!ng and .ln!!i:!l!fo~ ll!lcfrsy.stems, 

Yai:wgr.mllulof tiu l~tenwm 

sprilfklm:,.grid'fuwing a pinralliy-0fsprin¥.Jerheadil .. 'The sprinkfo1«grid is connected viaf1t1kl fl()w 

lines 1.>tJnt1}ining air l}t'other ~· 1:iw:11ul<l flew lines al'e coupled to a prirt!aty. W!ltitr ti.upply:Valw . 

which CM lnclttde, ftit exmnpfo, an rur.tn...\'iai'Cr nt!iu valve, deluge \igj~ ur prea<Stlon. ~'ahre a~ is 

known m the al't Thesprh1kJer bil14ls.i~ieal!y' U:W[tl,i.le'lJOrlli<l!J)". e!ti~ \en'},pe'rature-m~!)Oj1~fVC 

l 5 \il!Wt.>s. The ~1aity cfosl:d v!llyei>.~Jft!ie 1'1\iri.rikfor !loocts npen i¥hen suffi.cieiJU.y h~ted or 

u1sg~1 by ii. tlt~al. ooiitoo >iii® fl-<l:4 fll:i;;. The .()lltlli spmµ,1er hea,d, al.on~ or in oombii:llltrl,)rr ';¥1th 

a.S!ii(lk~ or. }~fC,bKli~at:ot, cau.iie~ 1h1; !lriJ:nllzy 'i'.'$f s;ipply :V:alye to Qpe!l,.thutebya!lowmg the 

~e wak~· fo:f!p!(li' info, the. '.nuid &w .Un.es ofth;:i tli:;'. pipe spl'inkl~ gl'itt (dispiadng: tile alt 

Uierehi/, 1md:tl:u:ou&h thellpensprltiklerhead to craitrbl the :fire, reduce:ihe sinokeSt1tirce, mldior 

20 . mi11imi;.e any,Ul.\l.nage tlrerethim. Water &Wli tfu'{\tl&ililw aystein and ('IUt the ~)})en sp\i.nkktr head 

(and any <.'lther sprh:ikledioods fu.'tt,suhstquently. Op<,1ir},, µntjl fue sprinJ<ler head clos<'.s ifS(\!J: lf 

automa.lic~l!y r~ting, f!f Ui1ill th~ wiltet S!.Jppiy ill ~lt~ pf~. 

!llilM.J ln eo~111t,inisf,(l';W'!,.1.,pipii ilprioklet tY$teri'b~.flmd :flow lfaes tlmt~~lite·l.llli..._1.,.'\'l:t:h 
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spJiu;klet !lei1~h\~s;,tlle w~tet in thinptlnklllr gi'idlm:ro~iafuly mi:w~ fuit tif:the ~tirlllltlerlwad .. hr 

llrli!ition,.th>,: ~ :ivjitef~lve.ln:tl1$: ~~t sprln1'1cr sy<;ttJm.is,tb~ rmiin .si\~.off:val.:ve, wbfohJs i,n 

tbe ijll,nmi;ll' '\U'IWl [>iat.e •. 

[~O.O:Sl Jhc~i\ ari;. :ihr~ t~t qf (lfy sp,ii.nk.i~~r~y;>tetr,i~ tpa't wnt~fo. air or gas~ Q):lp~~ fu 

$ waw Qr ofel,er flmd. 1Jlcse:.d!:lf systems lne!\ld¢.: dry· pipe, p.reaciinii, and deluii;e systt'llu. A dry 

pipe sysfomcincludes fliii'd :!foW ~ip6$'\Vhi-Oh:nre charged Wlth alt under pl'esi;tii;e.imd whetl th<!\ dl:y 

pipe system detects h'(,lll.i froura fue, the spi::i1lklet h<Ja& open rmrolt\ug Ji1 a cfocre11se'lb ·air pressure, 

The re~-u.ltant tll."1;i:~se ht i\ir i1)J.issure Mtivates:the-wm.er S\4pply sotrree .a;i\l lll:l1Yw1l'wat;)f t11 ilnter th¢ 

pipin.g sys.te111 <]lid ~it tJum,igli :the !\PH:nk:ll;f:~eacfa, 

1 () {001)6} !ii a dP!ugc sy.$tein, the l1uk! t1i;.:w pi~,remahl fi'.e.e.of water, eta1itcy:~ sprinkler 

fo::ads itllrt relllllln o.pen, i:llld ut.llit:es:pn!.ltunatlc or 11>leclri~l det!l(:tors.n.) <letev't an indkatipn .of fii:e 

su:clus, i~)r l.\'l:ltltai:ie~ sn:ioke ot heat The-neiwork tif i,Jlpe~<ln a ®l•'syi>tel'!l usucl~ do not 

cont<ihniupervis<•ry air, but will instead coulm1i air at l1lmospbooc ,presil'l.ire, One., tlic pneUm!ltic ot 

e!~citl 1Jetect0ri; de\ect !i.et~\:, me,watei; suppl)' $t)li*e provides >vat~fto ih~q:>\pes ai1d !!pri!l1);1¢!.' 

.! 5 head,~. A :p.f<..'l\~o:il sysi\fili has pipes !'hilt &r.tl free uf \\'at~, ~"lllp1('ly& spi;itikh::i" heads fa at remain 

cl~ !\as supe,rvlso.1~ air,. f1n¢! µti!j.zes pn~w,natlc;01• elemri.¢!11 Q.etect~rs t(:r~t~wct mi il).d~cgtfon of 

Jll'e ~uch ~' for ~ple, }\eat Qt smol!:e. Only wben the system}le1;eets a t1r<: kl w.irt~ littrndm::.:d 

intp t11e ~>lher1}1se <ll.1, networlnifpipe~imd i.-prinklei:J1eads. 

[OOlftJ Vlhen.a . .dl:y pipe spr!nkletJ>yst~m ~es. "W¢t11 (l.c., to cause tile ~ary wai1:r supply 

20 val\i:i: to open and allow the water to fiH tlie fluid, tlow suP)ily lineiii), 11.spnilil:l:e± head <i~, tlie. 

pressuf¢ i.!ifferenoo )1ct1'/M1f tlie alt pl'tif!iure iti ~-fli:ijd tfo\;I' l!J1C!; a;iid the ~l)i# supply pressure oo 

ti)Ji$, w1.1s~bf1liC:ftifoaiy wat)lf SUPP1Y va!V\;"Ql: thy ril'P"l aU:*tO•l'\'at\'l!' ~<)tip viillve \'C!i,C:hes <I ~~me 

bydmlilk/pne~~\c !mbnlan.:;e ti/ oFJ."ll up th;i. v!ilve ~d rel,"'~ ihfl water supply jnto the ndwti.rk 

of pipes, It may take i:m to J 20 SCCQnds t-0 reach this stat<\ di'Pi"nding upo.n the v<rlumt;l o.f the e,\ltlf.9 
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sprli&.!ei: $Y~etl'.\; >liatci'll\1pp1Y a® <'iir :ptess~ T1!¢ larger:'µ¢ 'wriret .. &\iPpty, tl,ii:i)af.g,~r tµe air 

supply is .11eeded fo. lir.\ld tbewi'-fu".w~r rau.o ¥il),ye c!(!Sl:d. MoWoYei;; ift:l\~ llYSf<itrJ is targj! mrQ/or 

if the ~stp1nh. ch~1,rg'il!,'). (!): a, typical ll~siwe &U>ilt as 4Q ps~,. a ctni:.iderabfo v'~lwniHif afr m'llSt 

e.'>i::apc or be expelllld·!©m 'lb.e.9])ens;ptlttkler head :before tf\e. ~pedfi1fhy<;lta\1iio' imbiilaiti:e fa 

) ~to evoo fh:e':iniml!!1 w~ vafue. The wil.Wf sUJ'lt'lly:trave!s through the plpiiif(grld 

displariin~'tbe pre..<isilrl:a:d gas ro ffaellj dise!Ulrgethtoog!i ~e.opensprhlk!er. 

[OOOSJ The mwd time· of both the esq!!ping,.g;is and the fluid ~v,pply !llro.µgllthe ~.etwork 

ptvvide:Ubr a f!ulq .dC:Ihiwy.tlelay iii iity sprinkler ~YiltCi'i'.!s tha{i~ bol.P~sent il:i wet spdu!d:cr 

·~stert.is, CW'i'eilliy' thllftl e~ :(l1l jn;Iu~tty-'Nidt1· pc lief that ,in: ~ry sp.tlnkl~.l:l;yJ!lems r~ is best to 

11) imnimlze odfJ'9Sslble, iwoid fhiiil deHyeryde1i.17-. Thi;; he:tief~sle.d t0'!lfl;i:ndumr,y,wfde: 

~"tl,!eption that-Oryr sp;inkler·systems · aire lnferfo.r to wet sy!;tenis. Cutrent indusil)' !!:Ge~!~ desii,in 

· stanuards ait1;)ltlpt w .address ot minii.ni2.e tl!ti Jm1,act offhe, ftttld deii.very delay by placing a limit hn 

:the runotliiJ of delay tl:im can be in tbe.syi;tero. flor·exati:iple, NFPA-B, ll1 .Sci:ikm:.~ 7 iuid H th:!!dhe 

'1-\tafcr in\ll!} be di..iivete.d 'frq1u the p,ifuia.ty Water cpntroJ valv.e io dischai.'g~ o* of the sprinkler hOOd. 

l 5 i.>t O)J>lnlting preso'.itw 'fn uridet sixty sec0nds $4 ,\,iwre spooi:f)!U!l.lY, nnder furiy l!e~on~s. 'f<i pt<)J!!Ote 

r.lw rapid delive.i:y •Qf wut!ill' fo dry spri1'lklet.l!Y>t(.ln1$, Se;<.,.tit:!ll. V of the NFP A~ 13. ftirther.ptovides that, 

ror dry, 'lrmn!Qer. ~')'6K.'\M.havinj$ ~ystem vqlumes. between 500 ®(! 75() gcllons,.the discharge iit'!Jf.\-< 

iimkoon: be aveitle.d pr-ovided. the, system ittcludes quick-opening- devke~ suoh as oo.:eltmtors. 

iil1Ml9] The NB>A sfillidaros .:pro-;100 .oilier varfous de!ifgn cfiil::.tili fur ootl1 wet M.d tlrt 

2.0 ~prfukfor systems usctflt! storage. 6CCt!P!ificfos. litcfodbd ht Nl"P'A-B are densit;;.:itre-<1 eurve~ 1\11d 

<lei\Sity~imia points tl:im defih& the requisite dii;cl¥trge tlow rm.ti ofthe·&Y~toh1 ove.i··!.I' gi'1ei1 de$ig~1 

al'ea. A d~nsf\y•ai-ea ®fVlJ <ir'polJtt can: be, specified or \i.ixiil!l.iliu system d~sign.fo1: p.nit•uiipn 1,1:!'11. 

g!v~wtype 1.1f cQ.~ty cloosifi~'(,! by cl~ orty group$. l!I> sed,brth in Nl'PA~r:l • ~Wf.ipns S,6J 

;ind $,6A. 'Fvrexmnple, NFPA-13 pro•n9es cr:iterlaJbdlw following commod:hy cla.~ses: (~Ja.'lSli 
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C!aS'S U';· C!mis Uf ood Class l'\f, J;i atldltioll:, 'N1:1PA.,; 13 prov.ii;i~ crii'e!i1! fili the folio~ gt<J!)pS 1.0 

d~h~thill (¥0QPl:l.o;f plas.t\til;, eli.)s~ers brm!i~J:~ .. as;GrQUP,·.fl.;,<kmfp. H; and Gro(lp C. 

[!ll.110] 'NF~B p.r<tvld¢11 :fof.ll'1(\itlQl;l!ltpr<1vhiions ilr.tl'li,:.!1esign of)iry.prnte®.'o.n syatmus 

1ll:i<.'li ~ pr9l~ting,Jitgr1id:~~!JWQ~ues. For examp'Je, NPPA .t!lg1~ires 1fo~t the tfuslgn atli1l1 \\it <!.;diy 

.5 spr!nklersym1..'ffi pe fu~~ in. Size as oomi:iareii to ~ wei sysl@ns mr prote,e,(ioo of the, 1la!tltS'tirea .or 

Space. SpecifieaH):,Nl<'PA"l:.i • Seci:iotf11.l.6.i Jitovfdes tflilt the iiteaof'sjjtinl<ler opetajfo1t, ~ 

ciesiw1 area,, !!ht ~ clly iiyi;tem ~hall .he in!Ofefuied by 34}· pett'6nt (withu;tf :rc\tiS.tngtli(l density) !!iJ, 

oon'l~<l w an ~l.livaj.ru1f\Yet sy~te)II,. Tlilil .increase in ~P.fl)')k!cii:· (,~tiomxl il;:ea !!!l!<ib.!ishes a 

"¢).'mlcy" fq~ d~i~µg Ii qry &yst'e!f.\; ali!iii:n:i:efl~tiilg,atl inii~ helieft1)11tdryspiinkler sys!~m£ 

jllilll j for prqtecfo;.1u.1f &Im~ llt~ag.;;; oommtldities, 'NFPA·13 l(rovid.eJ> dos\gn. !krltcna for 

cliil'itig·cnly spr!nklet systcmi!. m whlth the de&igii:"penait;t' t;; greater than .. thirty per001it i<tx 

el!!l'11pie;, coefl'..ait form.S' of rimk.$rll!;l'e i-equire a dry Ccilhrg sprlrikfor systent fo be :,ilJlplemen\ed !lr 

supliQrted ~t Jhcra~'.J<i, !l'prl1'lklets;a11~ 1$.nowu in th(;: art. A problem with the i!M·11ck s11rinkle:rs are 

4; stimd?r~s fur p:rQjcµtiQcl'l ofGroiipA plaitlcs usi):lg.·a dey ce!lipg•only systmnh,ayin~ appr,iprlai:e~y 

listed R-f6,Jl i1pri11k!ers for celllhg.~ uot exc~dmg 30 ft. it'! !.ii.,.'i.gbt< 'Ilie. design cr.fo.<:ria for cel:ll~ 

only :Mtage wet splink:!er·srstem.·Js·G.!3 gprn/ft2 pet· :won ff'. 'Bowev.&, NFPA a&ls'an llll'dltlonar 

2-0 j'il\lmtlty for dry ~yswmc.ei!hlg·bhly spi.iuk{!)r sysoon1s 01 li.t~!ig the design eriterfo to 0.8 gprnl.fil 

per. 45\)0 1'¥. This ine1<ea$liey ~ requ~1i1em isa ll5JY• den&ty. pe111dty tlYi.."J' the \WI. oiySte.m (Je.<tlgn. 
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MlltJ.!UVef, NFP A 1? :liiilvidl$ l~ ct\ilmg7omy p;ine\.1il'.>J,l. fu. limJted tuck Stornge oonfignral:foi~s, 

<inq Qf~iae r~re, in~k; ~tfnk;!er;j, 

fl!OtZl In ~mP,lymg with ~-~ ~ni~~an llrllll facw.;sc a Qtb~ ~'Mliles"\ fire 

proJecti:Q.n ~i>.1'$m e~~n~ and: d~ers are ~cd !() mitlcipate the aeth«ifioi.\ o.finotil spriukltl'3 

S and thus perhims 1}toYide fnr furger p1piug llt c11try mm-e, water,. larger pmil)ls to. Ji1'6perly·.prt1ssnrl:oe 

me system.; 1.11d l~er t!lnks to lllftke-i1p :for \>v'..;ter dcml!.n4 i)dt s~tlsfied by the munfoipal wlit;er 

suppl)i, De,.1)ite'tll~ appare.f!t ecpriq.~.fo d¢sigi1 ~jtiiniag¢' of >vet ~Yste111s ov6!' drY liyi.'ttlns, .ci:rta,fo 

s'tui:<ige em1:tl&i.imtioris !}l'~hi:bil th~ use of\~ eyate~·AJ\mak-e th\:'111 lJth()l'.)-visc hupractica!. Ocy 

sprw!d~~)'stems m"1'typic.al1r·<lllW1<?yx.id for.fhe ptl;q/\)$C ofproyjding <1utq;:nailc sprlnkler pt'Olection 

l.O in tmheated·Q~eupat1de.<i;·ll.tld sirm;tul'liS1hal: .ll'la~ ·be e;qiosed to fr!!edng tempera~ . .I\'l! elQl.tiiple; 

m war.~ht>us<;smfag'~gh .raelr: stomge-,iK 25 t:\;. hig~stot'll§e ~a 30 ft. hlgJ:n:~ilil:IJ$, such. 

:warehau~.may be:unheati'id.mtd'1herefore siisooptlbkm,:&eezi1*·conditioll.> makfug wet ~cl' 

sys!e.rhs ~alrable., Freezer storage pteiientil annther e.~oimlt'nt iliat catllliJt'uHHwW.il'!>;,'lilem$ 

frei;mroo water lnt.he·pipii'lg <if the firClc.pi'()i\)Cfroo.s'.\lst~1 focatetl in the fi>e.e~,rn· sysiem w<>u!d.li:eei.e, 

15 One sr;1u.timi fu-the J.lfoblei:i1 th!\t h~ peen d~vefoped Js ki US<l sprinklers ln combfoat,imi. wrth 

?JJt£fi1>~1.e, Howevei', the 1i..-ie_,)fimtifi'eei~.ca1traise:othe:r iuue.s suclr.as, for et:ampfo,. oon:osfol'!:and 

le~~ ji;dhe piping system. in additltm, the ltlglt.visooslty,-of lllrtrfreeze may require Jncreas~ 

piping mze, Morel)'W.lt;ptopylene glycol (PCj) lll:itffrel.lze.has been shown no<t'; have ilie:fire­

Ughfing -ohaxaoi<.'fistks ~water-and ill snme:.ihs!aticeS' •.h\'l® kno\?,,'11 ie 111nmeu'larily acaefora'f¢" 

2!} . fire growth. 

t~ni/.tll inw:l!lch lififl> l~Jlp:u\e\i.ili,si,7-?hy l;lie: d.~trll:i.atrou .o·f Wl\t~ Crom ~l4l" or mw4 tlw;:mally 

actua~ sp,ri~er kl.~~ aix1vQ the (!Xe to d<;:ore<ioo thtl b~tretereie rgit~ arid pr1;1-wet: ~accnt 

c;m)l;µsiib1e'i:;'.1111l1ile (lo;1tl\)lling.ceiliug.gas:temperature-~to avoid s.tr.uctural i:fomage: However; \¥lth 
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tllii!rnooeof.ad~Jt.irm,het,gases~oo.mrtrilinoo.ormatnt:lllit¥,lii'!lwceI~~aoove 

the fire and allowed fu migr~~l!j .. 'fhls,n;iay result in adgitl!)mil Sprluklers Wllllfl!Ctf<;~ 

~ote,ly"fnul'.1100 '!.ire.arid tl~U$.$.tjt 1mP\Wt ~ !itf;l ,di~'f,l.y. ~n liddlfl<ITh' th it ~ijl~ il'f fl\Uij. frorµ 

a 'giY¢n g\-rlt\~[w CAA ,re~ult 1.lt !ful,lmpihg¢!l:l~t qf Wt\11!Y 9top~s J!OOkf .the l?uillt up y!' \llil~tjun 

~ <tfwatei: >'~V l}ll ru,:!ja,1'le+itanil wacyuatet.t ~rlnltlei:s. ·me '1'.!tlloul.tant effi.'Ct atw~i11?1ted !!p:rlnk.I~;; 

iiw~r..;iiisperged ~-i~maciuared 'llJ'rin!del'$ iS. JW.own as sprinkl$r skil!Pinl'I· O:oo'lleflniuon.of 

spri:uklet sicip¢1.1~ h fu.e "s~:tl~y, itieg.alar S]>rfuldi..-t op<itatin~ ~tioo wl.ien ~ompitroo. to ·die 

eq:iected scquemx»dtcil1ted !:>ythe.mling flowhebavfor, assunilng ni; !rfhlnldw lly8tetn 

malliirttiJorts;"' See P.<1:ut ACROC,'i:I ET AL.,Ai'.l I~IJesfigdtt(ln oj'the ('.dp.k1tt11k.~ Mechtl.ni"Sfll. of 

JO . Sprinkler Ski1!J'iifl& 1 S: $. F!E.U !1~01\ EJ\!QR. J07, 1:01 (l).1ay'1JJ.05'). DtH.! fo th~ ficti1atfori.of,adt\itiomi! 

remiitc.sp):io,kle)'.li..C\,ltr~i (j~sigl! (.;tite.t»lit»may.requJre·enf~gei;i pip~, 11,nd thllli, fire volum~ of water 

{li$C.hllrg;\tlxxlo .the sioragi:.m:eama:i®Jm;g©: than is.adequately necestiary t\I addr~'ls ilie fire. 

Mo~1:ovet; l1t:Caust1 fire.oonttol milirely.tedu"es lreatxelease.1·ate, 1t large mtmbcr 11f.iiprh11des may be. 

1.)Cthat¢d. lrJ tlilSporu>e tl:Hhe Jiff.I .fa ·Ol'.di-"r·f.Zl. :maintain the ht:at :release rate reduction. 

sptirikter syi>ti::u'i, wet.awin~for sy$fems ~n. ajsu eltperieitco spr-ln!dex ski\1pi11g, lfowe~·er; wer 

~nklt:t !iystemir ~ ~ oonfigtii:etlJbr fire s:upprililSioii w:hic;ft sflru:ply r¢dm;es the .hear refo~:i r.qte 

of a fif.(l lmd p~vetUi> its l'llgtQw:th. by.m~ims of direct and. !m.fficient application,.of water .flirough the. 

fire·p,!ume;fo t~·b•tl11io,g fue!:surfac;e. Fme~amp!e,.a wei·system Cl'll be c.m1figured to' use early 

:iO sup_pre.sil<>n fui;t,r~omle:(ESFR) Svrlnltlet~ The we o'f:f:SE'R.spririklers l.KgenernHy noutv<lilable­

in dry sp:;1nk:leru ayst=s, to do so would requite a specific listing fo1' the sp.ri1lkler as ls required 

u:ndei Sootkin 8.4,i?J. ofNt--1> A,. th TI1uS; to ooiatigure ad~' sprinkler ~)'slt.>tn ft»: fii:-e sup\mis$ii:lli' 

may retjmre,overoomin~ !he ill:id.ltloual Jl'i'tialt>' ofasp11ciilc li~g for an ESF!l ll'fi~nider., 

MQl'OOvci, !o hjdrm.iliciilly roufiguri-: a dzy sysreri1 for suppreilsion may re.quire adequately size4 
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· pl ping !llld.'fiut,~ps whose eoms Jn.ay pi;i:ive!'lC!)iltm1lcally proh~\l,itl~e a~ ~e uoo!gu consttilints rriay · 

r~ni;te hyd{/11.ili:GaUy si~ipg the ~y~tctjlb6yond tt~eid¢ni11nds a1~1l~Y Imposed l?.}' the qesign 

"pei:i!ll\;!es." 

IO\l,i~l tw()".(l.tY. te.sts wwe·condu;::~ad t!i'.d!;terrnim:i iii"* !lhH1iy ,,fit ti'e~i:ypl.Hil'Ypipe 01· 

5 ®uhl1J•lnte,rlqck·~a;:tl-01'l. system llmploy!l~ eei!lng•enly I.Jl:(g\'l Drop·sprink:lers t<> ~aitloo 

'<!deq_uaw lit~ proirotinn for racli: stnt'113e !li" Class rr oomm:odit1 at.a Sttir.age htiigh.t.of thltty· fout.fOOt.. 

(34 ft.) bv~ a ccillllgha'Vliig a ciiillngJliMght of'fcrr.IY feet. Ori.e fite.-te,...t sl;r~~. tiiat tfui sy:rtem, 

~mpj\'l)'nig u tjlirty second {30 ~.) m: .t~~ Wli.t~ delay Um:~·ci.ruld p~•ide ·adequate fire ~'nµ-01 

11r'ifu iJ. 4ilmlmtge, wefter-·pr00$ure-~f;S5 psi. lfoVM'tl:,· lh a.ddt~fon to ·ihe high o~tfog prea~u.re. 9f 5.5 

1il p~t, s.ncii a iJYSl:<:m.icquired, a tl;ltal of iwimty•f.iy,e (is.:) -sprlnkkt' Nlliration$ acumr.ed tlY<>r "severrt!!en. 

p1illot>i p.erfoiL Th¢. ~m\l~ l,'kc.:!e\lt ~'lnploY.ed w:siXtY."Sfleond ((}() see.) waw.r delay time, hoW\1:\f~ 

such I.\ delay time pmve!:\ t{) b~. tuo fong .all the fire de:vefoped t\J sucb. a sewtiiy t:Jmt aliequatc. fo:e 

et.'mtr~l.l i:t'lilld.rroih~ a:c11ievt>.d. fa the sec\md fire test~ scvctilyA.\ne(71}si)rinkfors operated reBidting 

iii a.m~xhmuu di1>thari¢ p~s~e of3 7 P:,i .; tnld:fu.ii.si !he target pi.'¢.ssnre ()f 7 5 p~i, c9til,d ru:1t be,, 

IS attairie<J. ':lJW fu:.1$',~, tbliir m,~ults <l!.'e 4~bed in ractqty Mutual ReS<:atch TccJ:t:nica!. Report; 

FMRC !J. OZ-O~J.~.R NSemitle~~ "'.Dry P.i]Xl Sprhikler I'rot~ctiQn of~k Stpred Cl~s ll 

¢q~i'cy l~ 40"Ft tligh.Bull,dfug.~,!' ~ii~ fu~ Am<.>rlepld ~o.rp. and pi1bJJ;;lled Jw}e 1995, 

!611111] fo·l.'ill atiJ.mapt to.U!J,d~w;d imd predictfire b~havior, The Natloi:ml JX!Sf'rtuteof 

Standards m'Toohnofo~ (NI~'l) has deiiekipe<hi. S(lft'\'lllrC p'rog!'am t:ntit!ed FlreDyna!l1ics 

1D Sill1ulatar (FDS), cfil'.WnU.y available fttnn the.NIST webhlte, Iri1~.m:¢~<URL~ l\ttp:l/fire.rilst.gov/fdw, 

lhat modlil!S !tJe m.1l\.!tfon &f ffi1:l' drl'l1en flows, !. <\ fire gro\'v'th, including btit hot fimited t<:i .t1o:w 

vek~ity, ie~pefitt11~ ~'\riokedeiwiiY and·!i~at release rate. 111ese vai:j@leti a1:e fort,!l!)r lised in tit(). 

FD.$ to iuo\ie! ~prlnk41rflYs~im,i rl!sp11n!lis1:<1,a fi:\1:1. 
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~'ling FDS. t<i ~ct fire,gr1>wt:h si7.i;; and \he sprinlde.r #C.!:l;:ati~n p!;lf,tems fortwo standart.l 

~onimridi\J'~:M,d ·~:'!'llp~e or $1A:>l'!'!Jl\<); h., i:ci'!ing hdghts $.'uf1.;pflcltler:.lrMlllfatfo.11 .i~tians. The'. 

$: find\i:ig$ ane ~11nllli:crioniu1f.'the si.u:cfy;are !liscussoo trr !lrepert: by' David LeBla!ll.'Of'.fyoo J:<1t<> 

Pl'llmttis. !~ ootitktl, Dry l'Ipe Spdnklilr ';.~terns ,-Ji;ffei:tvf (komt1tri"' P~imretlill's t:m E.-.:p(f(:tlii:l 

N'!mhffl't:ifSprtnkl11r (lt,i&ri1mirr{200Z} (hel:citi,a.fter ''FD$ Study") v,ihlc}i 1$·ln,;orpoi-!l.ted. ill i!.s 

i.ll1f.lrety by wferi.lnce. 

f9~l.SJ 1111:1 FPS :Smdy ~vahi~9, pre4ict1¥e rr;oil\tlt> for dzy si:irink11!1r ~Y<!iim.!$ ~'llti;Jg 

I.ti !\tornge 11tt.ays of~ A and Clas~ H oommodities. Tiie·tl)S Sti.idy. gi:n1.11:!1Wd.a.moil\!l \'hat , . . 

11\'lm:rlate\i fu:e. ~'.ih and sprlnkfor activation respottsa 1~ ~nidy fort.her vl."Jff!iedthe validity o.f 

the p~ictilin'by !:iomparing '1110 simulatr;d oosuits witb a:ct1m.! ex;perimwta:! rems. Aa described Jn 

the FDS. i>lui.ly, ilii:•PDS ~iriliilatfons.·can 1,¢1V.'l'mtl pretlictive.Mat rel~se profile:tfot a g}H::n stored 

c-Omm¢di~·', stot·ai;i.e c.oof~i,lr,ation '<liid 0011:rmodtty heijjll:t: shiiwing i:p' pattkulaf the change in h~d 

doinal.¢ tl:!* aiH1r~1.1·m:11::h as,,f,or ex~mp,'le, ~ IU'ea \14'lltfue <.-eilfog, In adi:Jmoo, the FPS $ii:mdatlons 

~;mprovide:*prlnk:len.1.d~'"1.1i!on pro.(iles .foi· ihe ~,imulmed. ~prlhkl~'f 11~woik i:n~lltl l.lbove the 

commo&itysn(f"'l'i.ng,iii :partfoul~ thfii·i:u·e'dict<ei:I. !ClcalfotHmd 1ime·-0f spriuklcr activatfon. 

Dhli:l<i.>'f<fe!)j'lnvenoob. 

11ljlll aJJ.d l!)Ql:e prefor.!l.bly dcy preactll'lrt sprinklm: :sr;;1ei,11 con!'i$il1"1Q to address a.fire cventwhh n. 
' ' 
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'1:1.llw fc tliejnitial !l~ivateq ~prW:k.leh! for 1H16fineq dela;it periqd w ~r1J1it th!!. ih\rnllfll a\ifivlj:ti>J.n. of ;i 

su.breque!)t OJ'le.or ~r11 spi\rik1~ sq as t9 ful'Xl,l tlie pref&rr~ ·!lpiinklei;. qper~tiwllll ru:ea, The 

~ptj.n~le11~ of~llpel'!lfi<ri}l'ij ~.are ~i~ly Poufig~d.oo air:toJl!'OVide the sufticien.tUuki 

vc)l1m1:t'N1\'ld.qieiil:\ts· t~ aik1re.$!! :!he Ate;eyent fua st1ttmmd and clro'lll!'.l flllihio.rt. Ml!l·e ~fetalily, the 

5, spr11Jklei:s atll' oonfiglltcil so. as t<thave.i¥<K.· fuemt of !\bout el%'en (l l) or greater J.1nd !!Y~ .ffiol'(); 

r.rrofol"~bi'1f a K~iW,:tm· of tibo11t se\'eilfu<."tt Clf),. 1'l:ie qi:fiutd d~l!\y~rlod 1$ of a defined perio9 

bavh:tgoa ma¥fo:iuro m1d.amin\~m· .. ll.Yllurrowidmg ll}l<ldl:9.,vningi!Jc :fil'l;l~e:ilt, 'tllctlroJs 

em.ictively O'l"e!'Whcline<l ®d ~11b.d,~ ~~iqh ~t tlle he\'lti;elt.~ . .from th111.'ir11 eyen(i!IJl\Pi4!y 

~ildueeii. Th~.~dnkler sy~ !~ pn,>t,eralily ;'Uiapti,..><l for .fire pr11t¢ci~on. ofsiQmge ii~oom~. azytl 

to provides a cclling.on!y~stem that eliro.inetts or.,)th{;\nviseminimi:r.e$'h'ie econp1nfo disailwnw~t:s 

!llld. de..~~!;n peoo!iiei;of cul'.l'ent.dty s~inklel' s~st.em design. Jlre preferred sprltiki!.lr &}'<!Wm {.fems so 

hy nifaimizbig tile overell l~y,dl:i!Ulio d~rnand of the· system. 

sy~~m can ·tie clmt'lg1*4 ~<illl:W than hY¢'.au1ic d¢;,ig11. im.;$ for. iicy spriiikler systel1{s 48 ~ified 

!5 µmkrNFi~t\~l:l, f!;lw; eUminating at~ one-011 spri,!:ikl~!id~~ign "p&Jatt)'.." .More Pl-e'~!'l!bly, the 

11prfulder~ysitims ttl!n h~ designed IJ!ld <:i:mfigw.ed :wllli !I. hy\lrauiic d~sign l:'!.l:~~ arleMH'tJUal w the 

~rfolder op<.•nrtfonal desit,'ll ~ for "wt pl~lng:•;,}'stem~ Cllrrl!!ntly ~p.wifi1.'d UR~for NFPAA.t '!'.he 

hydraulic ifosign •ai:ea preferably defines '!In areiJ: fby s:ymem pcrlbtm.mic<l thfoct1gh .Which tM spriiili:let 

t;yste.ni ptefi.,-nib[y •J.:!fOVideii !I. desired !lr jm;detern1lJ'!ed fJU\'11 t:hi!raCtem'!fo. 

~prir,tklir $)'l>1'.11.1n. 111u$.t prqvide ~ ~peciffod Wl!tii,f- (ir fluid. di~oharge density. Accindh1g!y, thli1 

pre.furred. dei.imn f.lte3 di>')l~s.del;tlgn. ctit1Jrill for dry p,ipe spriilld!lr .~y~t~s11rou1iii whl.eh a de.sig:i.1 

~ethajo)qgy js:prqyi~~ $~e th<l d\;slgn .al'eft.~ J?J'.i)Yide for 1ti;Y$,fe01 ~Jgn PIITTmiCi'l:r al: 

!~stitq11fyafont·ki that of a wet s:ysteni, tlle design are:ll. can <1:Yoid the· ov.er 111?.:lng of 8}\Siem 
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coinpon.ents that.ill believed tO dccttt il1 the aestgii. and \m11m:cttctfon af etirtent dcy !,'iipe·spri1\li;ler 

sys#:;ros. A µi;efet;:ed !lj:\tltikfor.~~'Yiruiru 'thiill .miJites ~i too<Wl.\d. hydnruli:¢ .de.slgi.1 area <:an h1<:Qrpo~ate 

Sin1!1lilr pip«1 t?r pumping. c,am~el',1\6 .. ~ ~tpl!i:ed fo ~Ufl'M~ my $pril:lli:.~ .s;yia.lw:is !ll'Ptecti:ng. a 

slmi!~tly ~)lt~ .st<>1'.l!ge ~eyl :tqer£1l;y potimtl:illy reall~~Airiie l!IH'.ings .. hfuf1.lQVl'.lr, 
. . . . . .· 

5 the.pre;Wi.rJ!d.t!es\gn methodology ineOlp.)!ll.Ung a pr~med hyd!"J.uU.o .dMfg11. area and. a syl>tem 

;.'.Qnlitrm:W~Hn aco~)tdance with the pn:fcmd.methodology ,·can deit1on1Jtrate th!lt dry pipe. t'lie 

pr~tioo :i)'stei.'i:ls <\an re designed and; it1Jl!!IJ1oo w'ithout Jn'c·otpo)'.attOOi of the· de,tlgti pe®tte.~, 

prevfou~y perbehtt:.4-ali.an<We.S:;ity; iini,1~ ~FPA-13. Aoooi:dingl}>, appHcft,nt assert!\ that ~he 

ne~i.i fot j:>!:;°'ij,Jties ;h~ desi9nit1g. dry p~ S)iSUln'l.;t has boon elpru!1lll00,~r~tl:);,~\1Sl):~rw.:ly 

9perafl~ ai:ta effec:tlv.e. to overw'!wlm ;;rod subdue is ®lpfoy~ to respond to idlte,growfu ill the · 

. mom~ area. tin1iiniml?$mer'.11.tllh!iiir. ofsptlhltler'l!l.\tiva!ioilsfa respbli.i;e to the m·e growth; '!he 

sj)rinkler~ymem employs i>Jnandiitory .fluid dcllvezydclay pen'bdwhtch delay~ tli!id"or water 

ti1em1ally actlvi.w: th<1 mirrirmi,m >1uinhet oJ sprinl~ters to :form tl).e. pi;efon:~>t\ sprinMe.r: ONr:aij(lna! 

. &'el.I eff¥uve to s!U'l'm1)ld; aitd ~qwi:i 'the '.fi.\'ii' witfy. 1t.fluid.di$Cllai:ge .fu11t pyi;;rwhe'Jms. flll,d s-ubdu,es. 

B.:oause li)e ~mnb~, ot"~~ sprinklers is ~r¢'¢rably..mlnimlzed.k. r~ponse fo the fire; th~ 

.~li.~bar14e wak>Jt vol.Ii.me may a!SG ·be n1inu11ized. so all to avoid uun~y wat@r. disclruge info ·!he 

20 stmage ateii; t.he1~·Jk.rredsptlnkler .. (.lp1mitil)riru area:can fm:tlietovenvi.ldni illid subdu~a fire 

ii,ooivlh:.by 1:n:fnlmli.;;ing tbii 11.t;iountof:spfipklet s~ippuui i\lld th.,,,i'ebyconc,e1itrate fu!) ru:t~1uted 

SJl.tj:\lk}~ Sk:im:fuig ii;i, ·~dry ~cii:ik,let sysl'!;m tney be C!lmpll~Ye1¥ less tMn the ;_!ltl~!)ltt !.)f 

.aprmkier gkippipg in ·ti:i~ wet.sy~tem. 
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!0023} .A 2f~ft::ii:roo. 11!!t'tlotl~nt :(jf a ~~~lng-orily dt1y 'Wriqldef~st{im tQrcpf:J.itacm,m of t\. 

storaS~ OCl.1.lpimcy ~M oo•dity inclu&;~ P,i'.!li*g·ll'f~'!l!k ~;\v:ing !!·'\Wt porlii;ln illl4 a dry p~rik1;) 

co~·ro th~ .w:et.por.l:kiti, Tlw. W;y ~i~µ is pt<,'i'eli\hlY. ~Ollfi~iw4 to fl'SP•md to a fire with~; 

\~a §.r11t1J.ciiva\ed "Sprlµk'ler t1J.initia,w delivery Qfthii4· froJn th~ w~t portiQ!I' ro .thll -itt: least 011e 

5 t!Jerinal:!J'·activatll.d ,sprir.ikler, The syst0lll: flmhetincludas a man(fotor}' ihiid dt!liv~'lde.hiy we.r!ccl 

cori:llgJil'ed kl di:ilay discharge frNu the at leasd!frst 11ct!vatoo·!!pl'hikler sm~h tliat J.l:uffii,'¢ !J,to'w'lt to 

thermally activaw &t 1¢11st a $ooond .SJ)riii!dei in the dry, )1\irtfon. Flum. OiscJ:WgeJtM;i th~ first 4lnd, at 

foalli ~~tsprinl<l~'det)~ a sprink:I~ opcratipn:id. ar,ea sittfieiem fo $Uito\!!¥i and drovyl1 a .fire 

event rn.~11Wr p;re>~~ ~~lim~, the fii:st !l!'tiv~ sprinkler preferably indui:fos xnore. than 

rn 011e. ini!wly miti¥atei;l' sprlnk!.er ta Wtfoti.nlie tl\'lid ~very. 

il)OZ4.J ln Motherpi:eferred embQdl.inenf ofl:i;ie:ct•iling..:ooly dry spi:lnkler sysllmr, thes~'Stem. 

fo:dudes a prltnar~ watel' ttintrcil val'\ltr and the dry 11orttou · i.nefodes ut loost one hydt&UliC<1Hy remote 

sprittkl<ll' and at least mill hyurnclicalJY oloi!« . .sprlnkler1:¢lath1! to' file prlmai:;' wale.r c;ontfol val\re. 

Tire "'J'l>iern 'is fWiher prefartlhly !lrinfig1lret! socb' rhar fll1id 4cliveiy tey· the t,ydrmili"'"4llJy .rmnot~ 

'! S sprinkler .detmi!:ii the ~1ilkl!.r.ium t'!utd d11-ll~>t. dcli.i;y peiioti 'fi:ll: tl).e sys_tim .and .fluid dellVery" tq th;;i 

h.y.dtaillica11y, cfose l'!pl'ii:ilder def~ the n1lnimfuh tluitj Ql,!livery d~Jay peri<id for the :,<yll'tem. 'fhe 

.maximum. fi\lld deliyery defoy peri9d is p1·~f1mtbly-1":on;l~~\tred si_J as t~) permit the-ih.emlal activatwp 

Qf a firstplurnllty ofsprlilklers so,·as til fhmt a maximiun .~_prlnkler epetirtio:mll l!fea to' address.ii.fire 

eventWrtll I.\ ~~d and drown; im\ict The nriniinmil fiukl deUYery delay peflbd ltqflrei'<lrab! )'. 

10 C1.i1lll~l'!t!.,{i ~'as ro pei:mi1'tha fl:rel:mal adi.\"l.llion of:a sec0nd pluraHty ofspcin:k'lern so as ·to form a 

nifa1mum sprinkler operatio1W ~ ~ufficien( to addres.~ a fi:t~ ~r·witb a fi~rri:lund and drtJW!l' 

ef'fuc~. 

{00251 fo on.e as1>eci· oftM oelling·ol}ly dl'y sprinl);le.r ~ystt11n,. t1ie system is ool)flg\J!'OO $tlCh. 

that all the <l()iiv#ed .sprinklers in res.rolls<:; tu l! fire growth .are aptivate~ w1thw ll f)l'<:ldetennlnoo 
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till!-e ~~. Mure i>~tiifi~Jy, fue'sptMder ~~~ iS:IIDmliuredwol't (liatthif~ liciiv.an:d 

!<p!inkler oC.~l)is vilful:n teruplµut¢S, [ollawing 1h~ fi;zst th~ij! sprinkl~t ac~vatl:on in lhi; ll:i~reil'\, 

Mote prpfi:.nib!y,. ~I" h~ sptlp~fods ai::tiVate;g wlt~in €ligb! . .1pinu~s an# J:nore pre.rerably, \\JeJ11~t 

sprjnlcli:r i;> ~PY~ 'i1ffihil1 ijve. iniw1~s qi'the 11rstsp,rlnkl~r W<tiV.a1for,i in ~ lfY<iiCl!J', 

~e,t>cropaneybaviiaga cel:lii:rg htii:g'ht arul conflgured. to store ·a'Gutnrt1<ldlty of a gi\;;m 

;cJill!Si'flcation ahil storage height,. Tl:ie dvy $JMi11k!ei: system ihchlde.% a pfj<)lzjg xietwi'lrk 1U\V.h¥g a wet 

jk1tJ,i¢n 'l:-0n'fi.j1ii~d i:o dcl:ivor a ;rup11ly of fluid m1.d a dry portion 'havlng a netwqrk of sp1j:r\k)cr1i ei.id1 

ha,'ihg iili. o'p\.."J<lti~ P.riJS1!1.!l'(f, 'Th~pii;>ing \:l&1'i'qtk fu@ief.il\clu4;.l~1uilj po1t\01) .. ci:lnf(eci:~ to th~ 

w: •V\ll. imtliOl;I $(} li,1.1 tu ~of.int ~t.1~ ~ hyi:ll'!lll:liQitlly remot!,\ spimkler. 11i!,: eysf~l ftu:th~~ludes a 

p~eforred,!1ydmulio. ~sign Jl.r~de:finl\id by a pll.\®ity of spri:nlder:s,fo. the dry wrtfrm in(1li.ldIDg'tlie at 

i;;n~t one.~ydraulicaU;y remp:te $Jll'ilikler to s1ilppo:tt 1'?$l)lltldit1g i<i a: lire 1,1Y1.l!lt with a surround an:d 

dt~:;<;'!l ~ffett. The'.!.'Y,Sfem forther lnt:Judes a ntandatncy ·fiuid deHver.y delay 2erkld defim'!d by a 

Ja~ l'i:f n~ fuile.wrue: activation. :cfa .fit&t sprinkleritr the prefernKl:hydraulic ~ign arb!I to 1h~ 

! 5 ~c1\i.lr,gl; offlui!;l atopotati11g pre.$$11¥e ifon1 siibll!rurtfally all :ipriu~fors in the pr!lfu!red,hydraul.ic 

~lcsigil at~: ;Proferal?ly, the ]1ydi'aulic ~i gtr llri,ll\ \bi: a systeili (.lniploy,il)g a m,1m,1un.dand di'owi~ 

effe~t is. small~ .than ·i; hyclra1,Jli¢-di:mgn a,rea. as q:i,irrenHy required by NltPA ~ 1J for. ¢..;:, givM 

oomm\1dtty,iJllS<l.imri !ltQmg<';hcight. 

lfill2'1j A P!'f1fe.r.R':d method 11!\lll.~ni~ a,sptinkl¢1:. ><ysttlm .that entpfoys. a smrotmd .and 

Z(! dt'1'wznm'iect t() o\ler~vbdm and 'sb!bd'® a fire ls prnvided. The ,mctllod inc hides' &1enn!.nlng-a 

inandlitocy tiliiti deliver)' qelar period; fot the sY,stern fol!Q\\>i.ng thernial activation of it $pdnk!G,r: 

More prefurahl.y,:'the methi:l.d i~~\>i:let~rl1i,ii:Ung aniailiri!ll11 i1µ!d d.elivery delay, petiqd tor ftul:d 

delfvety ~o fu~ moat 11J'~fi'il.llll()ajfy'remo:t:e ~er !lm\ ~cr ine!l.)d,,ei.detennlning !he l,nini.nim11 

fll11d d~U\"cfy ~clay peritld foJlie n11>st ey¢.,ii,tlfoally tilo~J>pr:il;lk!er. The methQd of d~~!'lmnin& th~ 
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· ):il~imw:n and1lli\lunlli1'.l f.Jnid .1.folN<?'Y d~la,y .pilr\~4 fu)1;her pref.ei'l:l!,1ly liicfudes: t~eil1ig a :!!re 

s~io11!\l:iQ for a ceiHi~""9Jlly dry 11p;cinkler ~~tern. Jn a stowge 11pac.e in<::ludjng a. network<rfsptjrikltTs. 

ll!i4 a sto.l't>d oommwity J.iefowfue'IB!twork. '.rhe nwtlwd fllrd:lmncfodes daterminl.ng;.t!ie. spcinlHet 

llc:ttY!tti\'ln fQt ~ii:cb •fokler:fa .~'Wnse ilflhe <S0en~a pro:furably · grnphliig: !he 11Ctlvatl!>i:l tfo1w 

·~ to generate: a ~~ktlve sprli1ltler actiNlitloir p!nfile, 

!™12111 The mtilMiiaTuo inclul.ies deterttii:nlng pr~erw4 Jli~i.muni and mfo#t))m'.l sprin.Mi'lr 

tiperntluiml ii&:~s for.~ eyst~il tapaiJlll <1f11tj~Slling.a.fire,<;v;;in); with :>utr.oj;lrtd ~d ·drown e:(fect. 

The prefernd 1:niixiinum ~rinklcr ~).iO!icl. i®~ ~ pi'el~r11hty eqrut•t fo a rninfuii:i;ed hydr<mlk 

desig1,1 ~ fur ,the :SY$1em.whlcli is:.dd}ne~. by inmniber of ~ink!ers, : ~fore. pr.tfet:ably, th!?. 

· liJ :hydl'au:lie. design area, fo equa!.m or smaller than the l!Jilrai.1Uc, design :area speclf!ed by N.FPA, 13 for· 

tfw.sl.ul'Je oo!.i:lm0di.t)f bt'ln~;protected. The~preferred miriimum l>jjl.4nhl~'! operationlll area fo 

pl'.ilmahly"defined hy a c.t>ti'lc:al rrurnber nf spril1klers. 'me criticill num~" bf sprinklers is J1ri,\fcrab!y 

two to fotu' Sptfo};JeJ:s.u~mii!l& UpOrithe C(llJJP,gJ1eJ'ght Md the:cfaSS()f ¢(Y!11piooity· oih1i.zanl be!Ji.g 

.Iii'®lcte•l 

jnilod$ fo,1ro the yreijji:,~ve sp11rikl~r activation. protlle; Pre:tenihly, the mitrlmum fluid delivery 

~day],icricrd is deflried by iheitime .hrpse between.the.jfo,-is11rlnkler.ac.tivatfon to>theacii:vati~mtime 

of the fast iivthe. mi'tfoal tltunber uf ~llders. th:e maximunt !1ttld den)lery delay pe-do<l is. 

µreferably deti:noo .by the· rimeiapse l:ietwei.'Jl the tltb't sp11ll.!<let a:cti~tion.imd tl\~l'ihie at whiclf1hs 

'.:W ·ri1lll1ber ofactlya\:00 sl#):nl4er{ii>-'eqj!ru fo a\ le;\St ~ghty pcrceiit 9f the de/med prefoiri:d uOO.imin'!J 

spi.l.hkler op;mi.tltinal ur~a, '11ie i'irln~lllliU'1:1ln¢ lrt!rictnii1il). thiid.delivery delay peciods .define iuange 

o'f av.ailaqfo t1 ti\d .del~Yt.'li clefoy .p,¢9ds }vnil)h 0011 ~ impicmenicd 1n the !.foi!ign~ ceiling•only <.lry 

l!prhi~ler,'!Ysu:m1 :Ii,) h):'ing $l.bt'lut,l!':~tin:qund.aud· dl<twn et!e<.it, 
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100~,I 'fo •felligb. ·ure l?.rrtfen:ed .Ceiliii~-l;)nly-dl;y J>Piiitldet. system,. tl).e n1etho<l li)rthex 

pro'l':i4b$ iterati~ly \lleitJ:g~iing it i\{Yrj~l!l!· S)'.S~.ha;:l!iii; 11 wet. port.Wo and s drJ portj~i hiiymg ;;i. 

n~ !if spl;h1l51~~. with a jiy~~uliooily rerimt!il spriuk!er!l.i¥f.a..!tydh!J.il.ti<~Uy ~f~S11<,sprl..!l~kr 

relativs::io the wet pgrtil.)n. ·rn.e ~d ~ably. includes ii:eratl;:ei y .designitlg th!\ syirtcm $ticl:i 

5 that th\l !J;ydrm1lfoally remD~ l!Jltinkler experlmce_~ 1:00 maximum 'ftmd delivery dj!Ji1y peri(id 11nd th1t 

hydt'~clicaUyclose '!f1l'inklerel'.]lilciences t!w n1ini.mlm\ .huid .Jelivery de.lat pei:fud. Itt.'iatively 

designingtl\e.·~stem fu.·1ber l\te.terabfy incb.ides ve,Mfyi11g,tlrat. t.'ilrih S:prinld~ disi11Jsed .~tw1.>¢nt!i<I· 

milydxy sprlnk!.er sy$len;i w iii.li.Jress a flre event v.itb tt·~ and drown effuct. Mm.,;: . . . 

i-u:t\m~ sprlnk!ei;i; that•.im; tllermally <l!ctuirteil)I!. adefin~d.$lqti.eu,ce,. Mor'! pre-fotably, t~ 

mandamry fiwd delivery de;!a}' perlad f, am1.!fo·d ro tile fuur most llydmuiical!y 1'.<lm,o!e sprinl.dersjn 

1hc systen» 

p.rovidiild. The system preforabl:Y. ino!Udes ~.wet p~irlfon;and·tt th\irfoa\.ly ra~~tl dty.portio'n in H:t!ld 

c0il)m'1£ltllafi6n With th~ wet po1~.i.on. Preferably the <iey.ptlxtlgn is cogfigm~d to 4elily disclmge of' 

fluid fron}.ih¢ wetpoftiptJ. jntg tb,e,si:ora~oQtl:lPlltlCY tbr i defil:led til\~~delay follOV'.'hlg t~erl111# 

aetivati~ of:tb~ dry port,!Qn. In a1wiiler. embQdil'l,Y;:tit, the'S:f1!fe.ip. pwferably includes it p,hira!ity of 
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·Ui<.Tiitall~'tati.\'d imtihk14ID! ill'll.!P.led .to ii f!uid~'!(lil~. The 'P.liJJil!lity .t>f s_pTii,ikle.i~ C!ln be !Qijated in til~ 

$~t'9.Ct.µpi.mqr ~h i)lat ea,,ih ~)f'ilit phuaJilyof' Sprink,lers are.posith}Ue.d With\n ttK'l"!>¥~.tem ~'ff, 

tb.at.:(!Uid >lischi1rgt:,iutu;t)1esmmge oocupau()y :i$.·cl1:layed fu.r a de.tfue.d peru~d-fol!(.'r1,·1\lrigih¢t;-r:ntl 

ae!c1wati(Jn. lu):'e( !ll'.IQ.tJ1j,,"l'. ~i:!o4imetl1 ofapr~1\:fred S)'$tel'!l~ tlWS'yStlillU' ~erabitims·a~Ximum 

5 delay and•a uili:Um.u!JI' delay fo:1· 'delivery :oi't1uid:mtu !he. storage1ieeup11.11cy. 111epreforrL"ll S)'SU)h1 

Jnc,hiik's a foluraU!y of fuennafl.J"' .rated ~nnkJers: co:np!ed to a il!lid souri;e; ihe plura!ify af s~!¢1'S· 

art;Xlsll/,otillil sueh fu<lteacli..oftf.i.e phihl)lly 1Jf spril:rld!$ di;llay dj's.:ihargiilg :!'lwd iiiufitle !ih1rage 

l1¢<filpnacy .folll.lw\ngth~l ;.y:,tfyafi\tn. The delay i11. prd9rl.lbly in th.e range .l;le*-w~Q ilre.ma.xfa11lfil 

·111'14 minimum dcl.ay :tw the "~· 

Pf"~tion %•fa ~Wrll:lJ!:\9CC{~l{.o/. foclud:es a grid: of sp.rin!ders. having:@ ~up 6fb.yimmlfoalfy 

temi1te sprinkler it t'!ilati\le ro .a 50'11rce,of fluid, :flic group ofhr<lraulicaUy rem\2tte sprfriltiers are 

prefut-ably eonfigured W' i11emililly'l;1Ctulll.e ln a ~quenoe in ieSP'mlie fo ll. fir(~ e\i~nt, and m<ili'e 

U\llllOOf of ;iprfo!<lers,i,1djacenfth!:: gr®.~ of hy,irauli<:i!\lly rcmpte· sptinkfars. ta effuG!lvely siirround 

mid 4rown the !'ire, 

[!)!134) Anol:hel' embOOiment of H.r.1t proteGtion. eystoo1 for a st\.ltage<occuf)auey-pi·o,iJdes a·. 

plurality tiftl1emlally rated sprhlkrera tal.ipled·to a fluidroutte, Thephtralhy of•'Pri11kll;'ll's.ut<.11\a(.\h 

20 pref:erahJr peshim:fud \o delay di$clim'g~;of t1UiiHm0. the srotl\S'~-Ocenptl'noY i'oi a tkifiried peritid 

fol~lng'. an i'nitial lhw~! aotiW!.tiol:J i)l tei!J(lnse ~o a . .fire \i-;t.itrt. The Qifiiletl pciiod w af,11 

stiffici~.nt length. 1'il p~i'.t a s~t'f.li;itl1lt·~lJl\llOOr rn: ~u~-equ~ thewal ~1qtiVaj:fo~ tt~ 'form a-tlisphilr~e 
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sprllliderifi.;Qupkd 1'i a fli,ii(l,s9ii~ee. :r:he ~!umllty 1':f syrl,tiklen¥.a;:e.p.refera,b.1y iJ1tllr®l'llWQt00 by i~ 

~J;\".m:k t>f pipes. J:'h~ f'.l~'O<k Qfpipes ai:e,!li:nmged to. deiay 9t~c4argc of fl:qi\i from ru~y .thooncl.ly 
' . 

S aL1\lll.!i!d sprinkler 'lbni, deti.ned period tbliowfugihetmal aetivatfon of at leai.i oli~ $prlnkfor~ ht 

anoth\.'Jr einbotfanen~"'i;r fire pr~tecnon. ~yiltem.:!S:µro:vltled for a. storgg:e OC(,'l.\j?ancy. The system 

prefer-,;,1-Hy focl.m:les.a. huid.soui'l!e and: a.1iseraesembl)<. !n cmmnwil<;iiition with·tlietlitid sauf®: 

Preferably me!~ is a pfuraliiyof i::i;fr:inkld:s dispo~ed in 1'.lw storage. t;icc1.ipoocy'i:i!ld c.it:lpl11d ft1 the 

rl~er oosetnl:l!y fw ci.initoU~d c~ll11'11Uliicatioil, wi!h the fluid seuf9e. Tl.1e tiller ass<\mh!y is pl'!lf.eni:Ny 

10 i;onfiglJi<:di(} delay dls.cltwg.;i oftluidfrom the spni;ldm int9 the:$<m1ge Qc,ctipancy f,~r a detfoed 

pR.\l'brillily luchill.es a fl'riltLrou1'00(!l Qi.:!1mol panel, and a plurality ofllj)cihkfots JXlSititined J11 the 

sromgc i:!OOupatii:)' i!nd in trl}ntrolioo .t.ommmlication ~iliih th11 tJUkf smi.rce, Preferably, th~ co11tml 

15 pilllbi hcalifig11rl!d to (,le1ay~l!lch(ltg.e uf ft\il(! from the sprinkler~ into tlte $tmiige oceupimcy .for.a 

ik"f111ed pi>rlnd i\lllQ~vjng tnenn~ @tiva,tionof at!1'ilsi:one :ipri'Qklcr, 

a,fltiicl sow:ce 11nd a.cont.1:0! valve. ini:oinm;m~~Uon >vil:11 the tluid;,'outc.e. A p:lun!l!ty <rfsptinklerl'I 

is p.refer1ihly dispos.ed in the siotag~~ occ(ipanqy 111lli eoupb::d to tli.e'control val:Y¢ fot controlled 
,, ' ' . 

.ZO oomi11µnicatlo11 ·With fue. fluid so:urqc, th11 oo;nrol-vaive faJllciernb!y.'confi~<1red t~) aelay dil<Clla11ft 

of fluid .ttl'itn the spri.nkleril llitu.the stm:agetro\.llijlllnt}'. fnt a.l.'le'fined·petfoi.1 fol!:owlng thermal 
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' 
. ~'t ofili<?p;:t>fm.-re9 elp.bu4iitle!ft <if°' 4r}' f.tte prnl:~ctto,n sylitmil, a;dt.Y e\itl!ing,11.n,ty fite 1wnp~li<iit 

sy(\tdm lll,tfrovfd'-{fl having.~ mandatQey Ibid delivery d~laydispose.d abo;;:;: :i:ack11Wreg\!'.having a 

b'fut\\g~hcight 'lri;lf~ly, ·~.I'll.Ck $i:o~age f'1Y!Jld(l!f en9~si;laloo ~~orag!:" lxatjng 1;1 SU.ffll~ hefub:f 

t~y l~>f qr ~1.14te~. ~~v~l{; me Xa<;Klltllm&l.I it\clu.d!i& nQnceJ1!l<1J:!SU.lii,ti>d :rtp.l:IJ:ge qf ai. !ea&.1: 

s· ('nW::1.tt Cl!!!!s t l!; p(!ffv!:!mmoilityxlr Gmup ,\, :Gmup,.l~ oi: Group C pla<ltfos fo1vl~rt: n stor.&&e· . . ' " 

hcight. greater than twei1ry.:f.ive .'fli:et., Altematively, tlie: rack ~i(imJ;le includes Clllllii LV oommtJdit:y 

hm1ng <\ ~omse l:t©'igtit;greater tllli1\ twenty4\yo felit.. 1:11 yet ij.not!:it."l' a..<q:iect;. lhe <.ify fire prot.1.-'litkin 

SO'*!Xl i~ ~~ly pwvid,t'-0. so ~ 1~ tnau9ci. ;t dry tcl!ing;1~nty tirf.t p'r\~t.,ctiqn eysrem tijspose<i 

pre.feri\bl:tJncti~. a(\ry ceiliJ:!g•onlyfmi protectkin sy;>iem for llio~gc PCCtipan~:v having a i;!'liling 

tiiight r~ng fi:om abouttwentr·fi¥¢m tbout .. fm:ty;n'ife feet intlncling a plurality of 11prfnklers 

<llsposedabow .. at loost o!ie.oi'ffitigI~row., tfouble-rowahd mul:tit)li."41'..lw i'!ltk smrage ilavins a: 

sturagebeightrimglng;l:imn .gtelitel' thutl fy;entYfe\Jt.tti i\~illl fotty foot.apd i$ pooferabiyi\t le&St 01µ:: 
" . . ,, . 

system compr.isi11g a1lh1xaJity·of sptinkl!lrn dis.ptY.Jed above .at least.011.t.of slngle-.iow, tlm.ibk-tt)~,, 

· tmd muitiplectow '®le stot!lge havin~pl' morage height ofabout t\.\?enty .teet or greater and·is made ol' 

20 a lllistic conm1adity. fu ~er f\Sjl11CH>f ttm: prefertedi!Y1'telli. a dfy ceilln¥-on!y fire :Pro.re.,ifun 
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ofspr~lern iit¢Qmnatnkat,ion \'\''itll t!w. 'fluid ~wee. fl .. iwb.~prinklerpi;efi:Jrn~!y.i~ C!lnfigm:ed to 

i!1ermaUy11ctiV:at¢·witb.in a time 'l:Wllli!l!l:eet:1¥eet.1.a .rnroifu.nmi :il\lli.l. ileliv~ dein¥ ,Pmiod and a 

.ll.llllitn!lllYi1Utd ~jvecy i.!efa f peyfod:toi<:WilVe.f a fl¢W of.fluid fQiiQV.fag a.mJnilnU.tn dllSiPd d~y 
; A • ' 

U<Jtnmodity C1?pµg1.1raf\Ql1 l\l}d a,'atorag¢ coi1figumtion at a defin!i.d !>lor.agc height. 11ie sturt1ge 

ro.11.pgufaii9n ~' '1'e 4 ~cy,11.g_e array an;l1llgemeAt of11UY ~~ o.f rnck, pa.l!etized, hfn. !)Qi;;, ·llltd :shcl:f 

l 0. 11t\"Jn.Js-e. W1wrein the iltGl:llgi> an:ay a~ment is raelli-storag~, the amu1gement can 'I~ farlfi<)r 

l,lQ:ciigured as !Ill)' ~ire. of sl.ngl.e•ro\:\'., double> row-atf(Lmulti-tow ;,iomge; the: system pret'enibly 

il\C!udl1lJ ll ri~ 1'!861.'Jnhly dispos.ed hctWef.lllthe fitat tictWt¥i'k and the secoi1d rtetw\'.irk, tllin:iset 
I 

15 ouHei. ofihe oon!l'.d \ia,lyc_ The gas 1if -preferii!blY.17~1ded by.a presslll~zed. air-or ~itr~~i mm-~. 

'foe first n~:wofk o:f'pipe,~. fm:th~ lnc!udtts a first ph.u'lllity '.af sprhlk1ers inchidi.ng ~{ leaa;r OtR<. 

hydrauUqat1y renwte aprlnkiey re4rtl ve ta Jhe llQt!et of the control v aJw ro1d at ieasHi!lf.l hydrllulle, 

-cfose sprinkler,.rel<'!tl:w.,w· the outlet of the c<mttol. valve, The. first nelwo~k ofpipes blltl bl:l 

czynffa;µrt.'<l in a loop oon!l{!~ and.i~ m.m.1rpre'f<irahl& co'tr!igured fa.Ii tree oonfigutatkin. flacll 

20 ()ft!Je pl1.11'liiity ofspr.l!ildetli fa pref¢fahly fimrmall~:i'a!OO to. lhermaliy trlggei: the sprinkler fro11Httl 

imictil!ated SUIW tp·~ activ~d 1lt§lW.1 Tile fitstplw:a)J1t:o-fi?J;irinkllirs furlfierpr-Oflirahly d.efine a 

ge~igned. lirleil.~fspri.rl!d.;i·operll,ti9~1 ha'l!j.1ig. a. deiinei.t. .spmn!<ler-fo-~!>Pr!kler sp,<1oing and. a,qcf1111Jil 
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oolnll1uiJloatioo wlfu !tie .111!et tiff.he C!JH1;\Q1 v~!Vlll fo \.}roviiie "Col'ltro1.led t1 iiil.1 jlc)i~ry to ;he· fit st 

nel:wt~t (;f p:ipt,'s; 

~431 Tfle ilysrii!n ftmhcy.iilcJ.tid~ tn'S(mandato.cy flm1!·4eliyery (kilaywhicfr'ls,:prefey~}y 

q~~i;i ¥ a tiriwJ:9r 1,1.ui{! 'io. tm~~lfro1p '.thevo1.rtltt,.0:t tb,e ()l{;rtt<ll. valve to tlw at !~1 qne 

·~· h~,drin~\:l:\UY ~nuite $JJrinkkr wherein f:f the fire ev~ffahiai\;r thermally act'!vates,,fueat fol:l!lt.on<i 

hyd!l.lllliea!iy 1:en10~ spriiiklei:; the fa:st malldato!'~· l':lmd delivery dehw is ofsucli it length ti1at.a 

seminil phmility of$finklctsptoiinmte tl:tl!'ltt least. one hydt~iJ:ail;y ;tilhote spt'inld~ !lt\1) win.tafjy 

ai.1ivarer:Hiythe fi:re evl.'llt'si:i.~s:t(> ®fin\i. a.maXilni.Ifu sp•er 9~i9c):mt ~a to strn'O\i:\ld ru1d 

tttowi1 tl)ey fite e'llent, 1:h¢ tt:i~~ rusii provid~for a ~>econ;inumaatory';fluld deli:veey 9.el~y'Jo 

l tr d4fi1,1e a Jlm.,, li_lr lhiid I~ .fa1~vo! Jhnn, the ~\!et of the contr<)l y<;ilve to iful at !east <Yne liydti.ml.fo;l.lly 

cl'}~ ~vri11kler whereiu if tu<:\ fir!!'. ;:v~t Initially .thermally activates .the' af I~ one hyd1"<1t11.lcally 

d;rre sprin:k:l~r, tlii::·~ecmrd mandal:ory fluid dcliYi:,'fY delay fa,ofsuchale11gth thara thitd,plutailiy .tif 

-~~kl!irti prol!imnro th~ afleast ont hydi:al:llieaily cl0se sprinfiled1re therma:ll:V activai~'i:l ti:y i'he Jki;-; 

evetrt l!t1 as to defiue a mililii.1run sprmkieN•p'eratm.nll.l area fu sro,tm!hd ood dtt}\vl! the fire ei-·eJ1.t, 

Ji.µ:Utei: ilefi~ a l:cy'\'li:au):le desi~ !,'frW. fl\ld a d<i$ign.d\mllily wlll®.iti iful. design ..i,rea .. i~)u!,le~ me ;lit 

krdl)t Q!le hydr~di~~iy 1:eti¥>le sprlnkl.~. hJ ~preferred embo\lli:J'.l~t, ili,e hydhu:dfo•;le~l/$11 )\reals· 

prdel:Mly ~fi;ned by a. grit! (if a1'om t\venty,fi:Ve sprinklers. on a spr.inkJ.eM.o-spri'nkkt s~ing 

rnuging .ti-om afamtt'i¥htreet to allout twelve fm Accilrdingly, a 11r.eferrt?-d ei11bodfo1oot oft!:tc. 

20 !lt<ii>eiit lnvt'liti<m Pf-OVides.novef liydiauJfo·dcsigrt;area criteria f'dl: teillngd}U!y. dt~"~p,riJ:ik.forflte. 

p.rntection. 'vl:im nr1rni had previQuslr exist~d. fa ~noth<l\'. t'lrof.erred as~i oi'the systiDrrt, the' 

tly~lii; ili.l..'ligl;l area in1 .fuu~t,iQfi of at foil..~ O;ie of ~UiiJg Mi~ht, stm'ag\1 ~'l:in.!)glrt:"-tfop., idurtige 

heigl'lt, ili:llll!liodicy cla$&)t_1i~\(i1 aildlpr $p,rl:hli:!1:r·m•$.l:qrnge e<feqi::i:\1100 heigh~ l'rnil::i-aNy, .the 

hydJ:m.ilic design-area is abQut20QO·s.qwaro foot (2.000 ft,'2),. and ip a.noiber prnl'eri'eli a'!pect, tlae 
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nydiaµ1fc ~area l~ li'lils fuaJ;t 2600 sl}ua@ foet (260!} ft,2) l!O. lll:i fQ tedll.(re J:1ie owra!l :t1tli4 

derilmiq <,>'!'li(riown !.'li1' ~A'!hl~ fil'.§t®iS r~~01'~$e ~~es .. Mo.oo,~fer.ab!y, 'l:h6'~~1.Wt~ji. 

d~j.gq!Jil SlJC.il IP.at th!l,sprlnt~r. o~~on area is 1?$8 ii\!lll im a.r~ !Mn tmii of !\. diy spr!nJder ·~sfuin 

$iZ~d .to ~jhi;ty-pt?l'Cell~ gniater thi\T.l the s.prinkler ~ of a weti>y$tem si:r~~i. w fll'otL>:et th~~ne 

5 sb:!id st<m1ge Oi,,'Ctlj)!J:UCy; 

IOO.:fflj 1iie. sJ.stem fa prererab!y ooilfl$uted for cei1i11g...ohl:f proii..-ctioti of a staragll 

btcupaM;y in >vhich th¢ trufif,g'heighJ;,1~e!; fro.in aflo'i!f thirty f~etto !\p',.).ll.t'fo~ly"fi.ve foot,, and th11 

sto• h~tj:glit J:(µf t®ge accoi·dlngly frru.tiabou,t 1.'Wlfmy .~ t& a)mm fdfty w~~ucn ~ tlle 

sprillkier+tti·~i:il~ dCl;ttatlJ:)!; h¢ght rangea·:ti.q~ iibout fiv~ fw~tf,I ahm.tt t~ty-fivJ;l. f~et, 

f 0 i\ceQ!dingly, in qne ·pt'ii?ferreil ai.>pee,t, tne ccilinlffe;h~iglit is ,almi;it equal m <Yr lea~ tfom 4Q :Wet, and the 

sto~e·!ielght.~Jl:orn. aboµt twenty~f~ w about thlrty~fiv.e ~- In anotfret·preft,-rred ru,~;. 

th<ll cdl~ .lli."ight is aoom eqmifa(l Ol' i1:SS.:iliall thi:rt;y·fi'l<e f11et and the ITT.omge:heigbt .trmg\:s mmt 
about .twenW fuet lo 'ifooUt thirty feet m yet another pref med aspect, tlW eei!fog helgbt !$ about 

ei.jilili. to tlllrtY foil'£ atiii the. swmge height rangi;;s from 11;bom tv.'l:;tlty feet to .about twenty~flve ~t. 

15 Mbt~Vi."r, the• fitstilnd irecon(l flt\id deli'/.t'f iielay.perio(is are p~'¢i~biy,a tUnctim1.of.at 1eas.t the 

ceiilllg hcigbt afii.l the. stp;age hrilght, !ll!Ch th1rf; wherejnw.J:len fue cciJing heiglli r!ll.)goo·from ,41:\rJµ( 

tljlrty fuet 1'!l aboul fortrfiv.e il>et (3l) :ft.-4$ ft.) and,Jh~ $loi-age:n~ht rang!lll J.lw11 ~bout tW!lllt}:fo;&t 

ip abou\ .forty.feet (i!J'.fi;·4f) ft~), ihe fii'.sNnani!afory ;tltild aeliv~>ty 'dclay Is ptefora~!y Jess. than 

thirty .se'X>n<ls im.~t fue S<.."C•1nd man:dat'Ors .fluid i:foli.very period ~!:ls ftNtt .aboirtfour·to .about tei:i 

26 sooolils'(4 sec. ~rn :;c,'t.). 

[0046] TJre·~>ilh:ig-olllta~eiti !$ j1i·eforably Qi:i;,1figured .~ at least \)lie ofa i:'k~uble-inf<:rfook 

p.r.eaciion, ~ingli:~il.'Mtlocl> ~¢~WI art.<.J qzy Pi.Pl!' sys\l,'.tn •. ~rdiugly, >yh.:;i:e i!le, ~yst~m ~s 

\)(1!1figur'f(1 a~: a dmil?,!e-j~r.lotked ~ll, full sy~i~Jµrilier inclmi~~~.!'le or 11~;,;re :(im.det<l'c,tprs 

SM<:.<:d tcll!tive w the pl\lr.Jlm< qf $llrinkl\\ltS such that in tjie ev~ of l\: .fire, the fire, tltlteQt<>rl! ~Vll!e 
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licfutif !l,ny spri!lkltir.~V!i!io~ T(5. f<;li:ilila1¢ $.ein~and't~ prt.'fli;tion d~ili!ics.1Jf tbe' 

sy,~ern, thll ~Y~ fu,rther ~¥ra~1y l,tzjoocil a r~11~ crir(trQ1 ·J.XID<li i:n~hicaJion with th" 

re!tash~ oont~ll.pi\lle1 ls oonfigurcd ~ r.eceJ:ve signals of either a pres~ 1'foCl'IJ"~-flre d~ioo ro 

s apjltopmre!y ener~..ew scl'oooi\\i.valw for'~oo'oft:M cootr-0! valve,, '.I'he syirtem furthel' 

preferabiy incfwi:$ ~quick release device m conitlillmootfun with the tele.it~i~ cm:itrol v.anei. and 

· 1!¥~1l} baJ> a K~f~l'-<:if m 1~ ~!even,. ;prefe;.ibly greatertll?,Jl elev~ IDOlV; preferj!Q!y 1'4!'il!ll.1g 

tu from Wm!t deven ie.·ahuut. tllitty~srx, ev¢11 more preferably .i\borlt se,venteen and ye't. even .more· 

yr.efot:ably lib-out l~ .. ~ ''.rh1.1themw n1ting of the sprinkler l:q:ireferabl~r about 286 '1F <>r greait'J:,, hi 

tlddition, thu pref~ ·sprlnkledlns tl.11 Oj,ilmtlngJiieS..<fute.tan~ng fhim aht!ut 15 yst to .ab<rut ~O. 

psi., t\'!Prepref!lnililyriingfug fr6m abl:ii;t 15 pst lb abtiut 4$ psL,.ev.en more preforab!y nmging ftom 

p$j. 

int141l ,\OOQremgty, auofb.er. ~dirm:nt acooroing to tl»:~1finveafuin proyiOO! !Ir 

· sprlilk1er havi~ a.sm,ic;iur!l 1!111d aJ·atln11;- '.rile siirll:ikler lll'eferaf:ily.i.oofooos a structure liavID!lWl 

•lil.fotimd M <>ut!et with apaS!lagewa-y dlspob"ed therebetweeu defu1inl! the K·ful'tor ofel¢'1'en \l U .or 

groo!er. A cfosure i.1ssembly is prlYv!dlld·11djw:ietrt the> outlet iihd ·a: th<ltlillllly mt<:Jd trigger. aMen1bly 

20 "" p'refofably pjxrvlded to 'snpl,')!1l't :lhe. Cli'Ji!Ure %~bly aqjacenti11e @ll'l.let lh addition; the pr<ilferred 

spri~lde.i· iimlooes a dcl.ieaWr. Qi,'lPQS!ld:~ed 8!ljacen't tfo.m 1M ril!tiet The "fating of tl\e·~1'!li.!i!Qm: 

pr...'it>mbly PJiovlde,~ '!hat,tb,e spiink!er J)!<qµallfled' for~·tn a pe\Ung-011ly fire•pf{J~cjJo.µ sfon~ge 

~•11plimttin~i .i.pdud~I!g .<' drx !lpthi)der syste1U:c1;oul5.gw:cd tq address a tfre :event wlth \i ,$!.lt/.'Qitnd. an(!. 

d.1\l-y;m. ~:fibQt fbt pmte;'ltitm of:mck stor.ige .uf ii. oomn1tldity stmed: :to .a .storagt; ht,"ight ofiitli;asi 
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(2V():;l); for use ilJ .. a dry OOl!ing WllY :fl.ta prQ!:ec(lqn appticatioXI ot: 11 stqwge PC!:i.~1:1\{J'. 

!®48J AC1l<;irdhlgly, tl)e p;i:e~~d..q.i!i\i).'l~d sprinkleds prefer®ly a t~st~d ~pd,nkle:i; fit~ 
, 

5 ~ed aoove. ai!ID~e c<'m:un<mlty ·;."1t1un a sprlnldm; gn<l 'l.tf onll butidr.ed sptlnklm in. m teai.<t tine .of 

a tr~, looped and grid pipmg; eysteml.\Of.1figur!itioti; 'l'hus.1 a meth.od fa f'llNlret~furahly p1-o\iided 

iw quclifying and ll'lcf<.J pr~fe!'itb!y Ust!ng a ~rli1kkl.t\ a;; defined hl. N.FP A U.: Sectlpll ~ .2 •. 3 {2002), 

sror.ed tn'a !ltori\ge hei~l\t eqti!li tP. 11t greatm: iJ;lan a.b9l}ttweirtyfeet (2.0 ft,)1J11d Je,<1s than il,wut tbrty.-

l Q fly~ f~ {45 f~,). Tite s'prinl<:for p,J'l.i)furably.has an lut<.1 ~ !In. outie.t 'Willi iq,MSll~ew·ay 

tluif'1~CJJ. IA define the !$>fact.Qr 1Jf atleast tl or greater.. 1>refurabiy, i.hl;! spri11.k!er U\clude a 

.®signed .operating ~·es~UrtH!lld a th~11a!ly .<attdti1.~\'>t assembJw ro act1llii2 !he.sprinkler m1d a 

deflectorspaeecl \ltljaceii:ttheoutl\:\t Th'ii m:e:tbod prefilrabty .i:nc1ooe,~ flret~l:i11ga sprltikl¢i' gik{ 

fo~ fr.om tile sprihlder to be qualified, Tile .,il;l'itlls dl$pogeiJ above.~ -stored e'1urmo~lity 
I 

ts ;;ontiguratioo ufaf least t'Wiiil'lt)'·fOOt.. The i;nethod furtl1er lrtlilooes dls¢.ll(ll;ging fluid at fu<i. da.~ii;ll(,!. 

tlwrn.U\Uy l!ct®iing: af fo11st m:ie trutial '.;lf!rinkler l:u the .grid !lllov&. l:be.1x'Jmml)dity., mld delayirig; th!t 

20 delh'ery of fluid folW'l.\iillgfue;t!iern:il!l 1.tmuatfon of'thllilt tmt-01ie tniiihl!tctuate&$t1:rlrikler for a 

period oo as to thmnru!y actuate a p!ut'dlit)'1of sutiseqire:nt spiiiikhit11!!4jaceilt the· at !ea~to:ne ittitia! 

spflukJin· 'S(t\)li 'fh11t ilie di~eh!it'iJl.ng ls fibin tl'Je /riltiijl and ~1ib91-'qtlCUtlY. <\C(ll.ated spr~1Jkleis, 
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1905qj Atwther pref.,>J:red roetllo:d ~otdi!ig to tl!e:present ii,Weniio~. ptoyide~:a. metbQd fot 

~!;)Si@\.illg·l! <J.ry·~11iljng-on!y rtt<l> .P!'iJl~ctj6n !ljll(~tll. f<jr a fu'(ol'llge OC\!UpiuJ:cy fa Whlch:thc.syst#W, 

ad~~:.nili~ witu 1\ sU,i:f9un~ !ll;l4 4l'l>'ii':U· eff¥ct, Tlie pref erred melhmi inc1~.fJ4lning m l~a$t 

Qne 4y~;tlfy re.!Jlyt~ sprfu.h;le).' ;in4 m lea!lt '9110 hydnmlfoally ~lq~ sp,tin!de.r rdative to· a; tluic,! 

S: 1:;0t\tee, !l114 dcllnll)g a.ma.i:imtlln i1u!d deli'i'l.llY delay peri® to. the atle$t <ine eydrru.1liccily·remoie 

sprln!i:lerand d~finiru;i:a minim'Wn:.flmd deli:Very delay p,erind to tlie at least,Q11e liydr1mlka!ly cfo!IC: 

spnnlder ro genl.lMte sprinkle1· ~p&ratianal tmi!\il f~ suttoundlng :md di'~~1ifog .a fire ettent 

Defining tlie at leiisi one fi1<dtaul.ici\l.ly rem bit imq al l~ ~ l\ydta.ul1Wdlo/ "l<Xlc $pnnltlef ful'tlret 

Prl:':f~iably i!lel\ldts qefii\i~ig;i m h'Y&ttirt ind1~dj't1g a ri§~ii.'1l!!lIDbly. qoµpled in fu~ l~\iid iiPtJ!<lil, a 

W majn~~ing fJiO!ll~,risi..'l' asse,mhly. anda.plur<!,I~y~fhI¥JXOllpipes t~e pltmi!i.;y~9fbfl!.l1ch pipes 

ru1d lo.;~n.g the.irt leam; nne:hydt'a~¢ally~n1q(e and at l~<it.hydrim!kal.!y crol\l.l sprJ.nkler alo.~'the 

:!>lti<Ji!lty afbnuschy\iJCs re!i;tiveJo the riser~tH.y, The,m~b~d can further i:ndude defi111ng the 

p.i!Je syste:i.n .. a:s at.foistnne. of' ll f~p a:tld lx.ee cm1figwmfon. Defining thepi!i.lng syirtem 1hr!he.r 

intluclii-s dei:lniliit a nydr.~tic 4esf&!i iii~ m ~l\pport a li\'1'r.6tu1d !1lln J:rown effa:ct, sncli: mi fot 

1 ~ exai:tiPle, Pfl)~'ffillnS the .nu.rob.er uf sptiiJklet!i ln.tbe l'iyi;!.rawie at.ea atid'.~he ~t.inkfot'"ih·«i!>tinkler 

s~ng. Preil'l'ldlly, the hydr.~fo:4~gri <l@ll Js iief:illlld. lls aJ:Un.iz~ori ()f af l~ ill.ll;l pai'.\iincler 

ch$;il~zlrig ~he ~iurage, w~, ~ parru®ter:; beit)g; ccillng hc.ight,. ~o~ge heigh(, CG!Ul.\l~i ly 

1:!asm:ficatkm, ~tQ:rnge oonfigu.-ratifJn.and,cl!l('lllltl!..'e nc:igh(. 

i0051 j In •me µt:¢fe.rretl enibod.\ii:.1errt, ,detbting .the hydrau!ic.des~gn area Cllll iudude i:eadlng 

20 · i1ioo!M1p tible anii· idootltymg t!ie hydraulic design area. basect·~on at lliMt one <if the SR>r~ · 

.~etiilts. fa llnothj:t ru;ped of the preferred !.tii.'llbt14; def;ttillg tt\O .mrutiil1uin Jluid delivery d;.ilay· 

iierfod pr!lfl:rab.1y il1:d:11<lci}·~J;lt1ta\ion~lly· inodelhig ,l,l 10 ~; ll/ i\ptiilkl,l)r gtft{ha.vipg t~e ru: k:<fllt <Jllii· 

llyqr\J.ulit~\iltt~wt~ sptfilkltir<l!ld the at l&il!lt.<>iit.~drauli!lililY c~e·l!plinkler aoow ~;$tnred 

oom.\'riooiW,Jne matlelmg i)'.lci:u.diiig.$.nl:ll~ting a :tree bl¢!1.oft~ st.or.OO:col}\'!rWdity filld ihll 
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sprinkler alltl.vati~lrseqi.!¢Ji\tle itti~spo:tµie to t/llf tree b\lin. Prefl!n~bly; !lie mal!:m>unJ delive1iy de!av . - . . . 

pc1iod ·i<i .defuwtl ,a~ th$:tlme l!!pse be!~ti ihe ~t J?Priri!t:I~ ®tiyi\t\9!! to. al:x}ut the sil!.1-eeo.~ 

~lt'l' i;zj,ivatfoi;i. Flll'themtt~re,. ft\e.mmimi.im :tl<tid. d11lMJ::y def Jar pe.dod i~ plllfe~ly deftiw:i a-~ 

tl).e. tl!ne lfWSC b~e$1n fli.e~lllj1th:ikleN11.'#vation 19.ahout,th<; fo11i;tlt sprmlder activation. The 

!5 pr<!i),,'fl'<,'d me thud ~-al~ iuol:ude i:terotl.v!!ly designing !he sprlnldei: system iiuch fuat the ma.-:imum 

fluid <lelivcry delay, period is ~enced at the 1nost hydmulroally ren.tolAHiprinklet; and lhe 

.m.inln1i1ln .fluid &IiV'eJ:Y. delay period is :ekperie!iced. m. the l'imst iwuraulicaif)' clase fiPI.h.'ikfor. :More 

preferably~ t~Jr!-¢Jhodiil\iI~ pei:fermi\1.g ac<Jil!p~sifnqli¢-On 9.ftllesys~ jnc.!ui.ifog 

llilqiJcrtefog:tb~ ~ptinkl¢r a.¢yatia.ns Qf th11. aUe~'l!. qne hyl.lnmUi;ill!y rciru:iie:1'P!'inl<l~m4 iw;;fotably 

l (i fuµr 1UQstJ1y¢.1¥tlli!l)l\!ly remote is']fflnkler~, end ah>o $eQUenclng·tJre. spl'iiikler actlvati0ns. of the at 

foa~ Qm,hyt\raufica11y cki:><i sp.dnkler and priterably fi.1r .lliJ:lt>i. hydraulically C'lkYOO'sprin'ldetli, Tlfo 

com:putttshnutation is 11referaaly configm:ed to caloulitte fluid ltl'IY6! time ft~m tl1c fluid sou.roo w 

the. ilttivated sprinld~r. 

sprk11kk~so astQ i.ndnde fqµr hydru~di0<;1lly r~~ete. sprmklers.;ha¥ing an nc!lv111fou: S!Ji:J.>!llru:e so as 

t9 de.tloe .a t!rst hydrauli~.ally \ClliOte sprinkl.<tJr i1®V11tto11,.a seqond hydnm!ie~1!ly. !l..'lllote ~'P,ciiiklet 

actiy,atl<>it, a .. tlilrd h~cii~ :reinote spr.lnlcler acti:vati(m,.an<l a fourth hytlnrulic<1l1y:rem:<1te 

~prlnlde1111<.itivltiiQJ.'4·'lhe se1:ond~tiu:ough· foiuth hydraclically close ·sprlnkler aetivaoon-~ occeurdng 

2'tl within ten seconds of the fitstliydfai.ilicaUyre!niite sprinkle!: activation, Mnrerrver, th!! simulation 

tlefiiiesa ilrst mandat\1J:)l'.fluk! delivery tlela:i; such that no. tluld ls di.sthargcd at the <lesigneil 

opemtipg.,p~esiiufo frot\'f the l~tst.hydtati!i.;111Jy rlirtioto.\lj)\inkkl' at.1,bll mqn:ienf the f)rst hyd:wuliC11Uy 

,reniote ~ptliikl<Jt 1.111tulli~H, ;110,lJµiii. L~ qiSllhargoo at tl1e 4\1~ign~ t~pi,.'l.mi.ng pr~;,'Ure J;i:omJhe ~lW 

hywa.Uicall}< .ren•ote· sprinli;J.i;:i; at tbewo1~1em lful.seCQl)tl hy!irat1li~;1tly teinote sprinkJe; .. w,,i,uat~~, no 
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flJ1id is. ~S-dh!,lfucd <If tl:!e desi:giiOO <>f)<!rfilii1,.g' Rtessl;(re :!XO.m th~ thfrd byC!,pti!J~9t1l1Y. rem~ sptµikl.e.r 

~· flie: W,ori,cl!f tt.w thii:d hyd,rimllta}ly reiµqle ~piilllde;. .~i.1Jali::s; a!fd n9 fluid lli-arge<l-atilie 

<!\esl~Q'Pll:t"Jt!ng.premmm from th~ fQlll;th}fydrm~li\:llliy.,r!!Jl)9te sprin!t!e.i: ~t ihc·,m~ !J'.le .teuttlJ 

· cyhiJic!.lllY w~ ~rinkl\ll: acUiai-e_>. Mol'I: ~pally, tq¢.fri;st\ ;iecorid; tbil:d l:\!td \\<utth 

$ spri.nklet& !!re ci.1llf~~1. posllioned ar!dler oth1,,>rwisi!·sequenood.sucli. !nat none (if the fom 

b.ydi:mirioolly ilim.Ote. sprink1ars ~iience the d~~a. t1p1.tl:lfuig p1'."'1mrre piior tq or·at 'tbe n1£1me1it 

of the !li::tuation ~:!' tbp fulfr!h: tno,~·1zyara11lfoi.illy r~rite sprinkler. 

!OOS3:l Additfo1'ia!ly; t!wi<S.YStetn .is fi'.l'rtl:iet pte.~e;ably.$liulated ~tlcn ti1'11; the fl~hipkwdl.ity t1.f 

$prJ'llkrj:i'$ hicl:ndiiff rmir by(\1'<1u\icaUy J';lo~e sprhi!\.l~ 'Wi\h atl ~(ltiyatirut S~tienctj ~tl aS to dtlfaw ii 

H) fa~! hydrinilieaily clos~' sprlnk.l~ ;wtivatitl!l, aseeo.nrj hydn1uJiC<JllY c!PS.e sprinkli;r <1ctivatil.m, I.I mird 

¥rriulk,a\ly c!Olle sprli:Udey aetiyaijQ!), i1nd a fQui;th hydraull.cally clmie ;;prinkle:r actiyatioi1, the. 

;;ecoild. tl:!l!e4gh foiu'l.h hytlraUlfoal!y dose ~nk!etactivatian!1 floourrlnit Vilihin te'll $eeonds of the 

fri:st hyiliatilk:ally ~te !lprinkler acti~tfon. M<Yi:Wve,t; tb,e sy;!l:eni i:s 'siu;ulat~-tn 4efme a llecontj 

mai1darory flukl dclivtj de.lily i;; $uch 'that :n~ fl.uid}t:t dischargqd .at the .d~~jgned op~irig•jll'essw'.i,') 

.15 fro iii lbe fit st !,ry(ji.r,,ilii:J~I!y .cl9s1;. ~kl~r ·at fhe .\rion:ioot too. first ·hydra).l'licmll¢>· remote spriiikfo! 

f!Cti,iafet$, t~o fluid !s disclro;:~d I.Ji ~lie t!es.igned t'lpe:rAting .ilr~"!l.1re tl:om the :llll.l•;i.n.tjJiydratiliCal!y 

cl~ spril'!Meratihe:m1;1nw;1nhe f!ll>Oon4hydraullCi,tll~ dos"} sprinkler actu.ates, rro tlul4 i~ 

d.i11char~cil atthi:i t:ie11rgnoo opera,ting pressure from !be tbirdnr,dt'«ullc.a'Uy cl<:1se spnhkJer at.ili~' 

1n<'imltint thethlrd l:ryrlratlliea!lj Clase'SJ.itlnkler act~ and ho fl Ii.id is discharged at the de~ig!l:e1.1 

29 '*&atfo,g;pressuti!i fronfthe foutfu hydraulicillly close sprlri~le.i' 11.t foe.·'ln<iment the fourth 

hydr.i\1illdlllly cl~se ~inkfor act\late3. More sp~Jfi.calfy, th~ t1rst, second,. third ai:td foimh 

spri!lk'l*ra ~,tj)tifigiiret41lqililioJ1ed aiiP/Qr !lth~wise seqU.~e~d i?.ucli .that l\Wf~f\:h~faµr 

~yqi"it\Jlic;!lh' cfose ~'PciTiklers .. ex:per,iru:i.:l:l thei.llesig!wd. 9~r11,tmg pW$Sure pnqr-~ uniJ .the mo~~t 

of tile !l?tU~ti<ln of the .fou:rili mostJi:ytfl'.ll.1,llioalJy,close s.!lrli!kler: 

IP-TEMP
Rectangle



WO 20071048144 PCT/US2006/060170 
27 

aatlilba!i<l, look·'~ table !.lr a ~ ~bl.e.'f1.1i::~Pii)g. ~ llrr ct-iling-onljf :11~ syi>.l~m tor a $iorag11 

~wancy, Jl'.!£1 daiii.·tabfo. prel'em.b,ly il'lclud~ \'.t:fir.l!tAata ari;ay t:hliract:<ii·~zjng tile. strm1;;e 

{i.q~1:1!lilll,l.:.y, a se«<ifl4_4l~~ ar,ray cl'w11ete.rizjJ1g..a,~pri11~er, {.l,fuil'd data a;ray f$:11itlt}'i!l'gahy~.tulfo 

5 ~sign ~ea I.Ill af\tt!CilOl'). of th.~ tillst. AAd SQCPAd. dilta (\~rays,.11nd a: fourth ~data i!rrny klenfif)'hlg a. 

~'nntn tln\d'tleliwry del11tpiitfo1h1nd amlnlmum hm1.hk!Hvecy.&!ay pc:dod ei1clrbe.\ng: !l 

:nincrkm of thei1i~ secund and tlurd·dataamiys; Preretably,. the da-m: table w ooirfll}ilred Sl.lllh tll<!t 

the .dill.amble is e<.infi~~ifed 6S 11 IO!Jk-µp tablt'ln whl9h an}':6ne c:fthe flrst"S~ ;;fud l:hirtl d~ 

am.1;,~ i.l(ltei'mfolef frte fourtll ~'Wi;i ~if'J. Al\c.rim!iv\'>ly, t°'e database <?;i\i be ii s.h1gle ~"-Oij:led 

i(i 1lllll'ti'.ml.Rn Jlnid, t'!e!1v~ \.lelay ped\l!l.1.tt J;ili; i!;-Cl)l'p(JT.ated i.limp1 ooj ljng.;;,i;ily dry sprh:ikfor sy§tem. lu 

address; a fir~ ;n a ~oraw ~cy v..ifu,as~ler OP,e.ta;t\011!)11.\ri)as having.sµtro.1ind &\'id drowtl. 

i:;ontigw11tion.aboi.rt 1he fire :evimt for~ given cciiing·hclg:ht, sto~1:dwighi, and/!>t'cornmodity 

cil!11,~iffoaiimx, 

·15 and or·associ<ited metl:iod$ of:flre.prot..."i.ltion. Accordingly,. ii f?1ucew preferably pro\14l's system§· 

and/(jtmeihtids..!9t:Gre'PM~ioi;l, Th;;.m,eifu:Ki pref~®Jy U¥;lud<is ob~ a spdrijder qpalf(fod 

fair U$e inu dry ceHiim·o~)' fire rir~¢1i1i1'llt.;iy~em for a ;itornge occ1i,pam,,y !mv.i.113 at Je~t .;ihe of: (i) 

Class J~m, Gr\mp· .~ Gronp l:hrr (fr<.mp t with a stomge he.lght gi:e~ thati i.~venty-t:}ve t~et}and 

(ll) Cl11Ss !V wlth .. a st1.i1J\ge heil!ji1t g~ than twenty•two feet, · 'i'he· roethtid J.hrlher preferably 

2-0 includes. dl!lttib~ttlu!f w a user the l>'Pri.tlkier !:Or-OSe in a storage tlci:mpruicy.fi.rs pro~<:tfon 

applfoatfom, hi addition 01· alt<lt!l.'<\:tively,,iq. the)~ooess cim il}cl-qde oblafail1g.a qtialifie9:-<>'Y,~leiu; 

st\b:s~<:lril, no1,i1ptlnent or riietl(qq of dfy'eeili1i.fb~Only fire p.rol:ei:t\<.i1~ ·Ji.Jr sto!1>gc sys~m~ :ami 

diiltril:mti411Jhe quailfkd. ll5'11tenl, s'tilD'syste:u;i1 001rqxment or m:ethod t9 frQl:!t a,.ursl p;uty t<i it s~ori4 

pllf.ty fnr.tise in tJ-~, fiJWc protcctkm. a[li;!!i<:i~\k)li. 
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sprinkl«·systi.-m fur ~te pr<ttec®n Qi a $lorage ~ncy,. The kl,t:pi:efem"\Jly ,:\iw1ad~ l.l J>::ptlrJ\sl~ 

qtl!lllfied. for1~ ln il ar~ <lcl:iing"!ilfil:Y s~riuk1~ ~stem '1\.lr.a stora,ge.occ~<J?!mcrhavingJ.:e]ifag 

hillghts up i:l> ®mlt futiy-iiv:1&footand commodities ha¥Irtj; stotaflc hi."is!rts up to abi:mt forty wet fo 

5 !ldditi~, 'file kit P,r~ferably hicitidw a.riser assettihly f'or contri.iJ!ing .fluid dellveryto ~7at foam: f.)ml' 

sprinkle!:, The p'teferrt>d kit f1ll'thel:'Jlfovi9~ a dirta sh;letfor 'tne 'kiflil whi{\}fth¢ d&ta sheet identifies 

delivery delay ~11d for i1 m~ bydr1!rnlie<Jlly ;Jemote i:.']itjfil4e;l!.lld a m\nim!fu1 fluiti ~lelh'.ery ®lay 

pur·iixl 1Q !fTJ:1()$! J>y.dmuli.~!lyi:ilose. wnnklcr. l~rofel'.at1Jy, the kit lm;lnder> 1tn upright sprinkt~ 

l O J<izy;lng~ K·factur·oi~mmnt :St.>venteen im.d. a.tempcrature.ta;ting of~hoot286~F. More prefexablx, tllJ.;, 

spxfnkler is q~lliietl tbr ~ protelltioo-0ftht> commodity !J!,.Jng at foastone of Clal!St It HI, 1V'llnd 

Group A plastics. 'Phe:r.iser assembiy pr<i\ferably iooludes a 'i:ol'.lil:tilvidve having an inlet and :act 

euHci, tl:il.i tlser ~'l<reJmbly f<;trt!ier oox¥l,ptiiies a pte.iisute switch fut C1\m1't,1U.Ufoatio1rwhti the control 

valve. ln11nothe~prefbtred enrbodhnerit()itM. ki~ a c;orirrol p!Jl'.i<iiJJs.ilw!uded fur c(mtrnlling 

15 <:elllmunigatiQn tietw;;;en the Pl"ef>Wre.~iteh 4n<l tfl,e oontrol valve, MQltfopaily,•, at. !eru,t ene.shi.it 

offvabre.1 is p.rovlded.:fl)x ooup.!in~ to at lea~ one tif i:he Inlet and outl¢t :of. i11e c-0ntml v~Jvc., and I.I 

cb<i± rvitlv<1 l!l furtJ\i;,r pl.tlf'\lrab!y provided 'for couplfag ro the oiitl;!lt· of tho. 'Mntmi valve. 

con:l\'igured with an intermediaw ch:att1.1?er 30 a.~ tn ellmllillte thetill'l%l f<~f a di.eek 'valve. rn yet 

2ff ano~r pre'fetredmiibpdimei1t offue .!<.it,.. 4 e.01~p\lfer'Ptogtatrt or s~4pplto11tfo1ris pt9y.iiled \J;\ 

lii:!)l,lel, Q.1,~ign amJJur &trnul~1~~ ey~fetn to d~l'diic and ve)jfy the Ih\id delivery deley period for 

applit;atkin cim simlliit\~ pr venzy, .jha\. tlJi.'l byd~~licalJy remote i;pri,nkfor exi~er~encell ·~l:11;;:.m,i~dmum 

fiuid 4eUi:~ de!Jl.y pmnd and the iiyaw.ulicallY close. sprlrikl.er ~enli'es the.mfoimum wk! 
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ifuH>ii!rfct di::i1ay p~ioit In.' ail!li.iiGi\ t~i:oJ:ijp\itet program or f'Ofuvare isr)'1't!fer~bly C<mi1~d to. 

mod¢1 and l!lm1llat~·t!fh sys:ttim incl~4irtg ~q)ie.11ch1g ihe.li.cl:Ni.ition lf oil¢ pr .. mmesprinlilers,~nd 

wtifying, ~he :fl\tl~ delivefy to the: P.~<'.> oi n;r(l):e ncj:IYated.~p~fexs c;arµplills 1wlUa; d'~~ired 

~ilil.kw:y fili)fi dlllJVW:Y: dllli;:y perla,4. M01'<: w:eteraql~, tl1~, i;wi ~PM .s~1;en~ ~ activatiog of 

5 at !C1Jl>i four hyilraulfo~ll!y tcmc1t11 ar,altem:rtivaty· fuui' b:ydnmlii::al:iy cfo.<Wspr.inkl.m.in the 5')1stem, 

and' verify the 'fluid ddiwir t6tlm four sprinklers. 

spooii~c~Uy ~n iuclude dl$t~1rw tivinii futit pmtyto a ~nd. patty i11sta!reti¢1:<iri~ for 

ins~ling t:~e sprlnlcler in a'&y c¢iling;-prily fir¢ pi:ot¢qti!in syst1iµ1 J:'jJr ~. ~tm:<igfl J~cl.!p('ir\9y, 

W !~>tidhig 1rnia1l'atlpn ;:.wiieriapl:ei'.;:mb.Jy inclui.l\lS.spei;ifyi~ at li;:ast ~e o[(;Q1mUQ<!iiy c!=il!ca'(\<:in 

l\l)d l!tarage o()(m:l'i~,1tlt'ln, sp.~i.fy:ing1,1 mil;UJ:ntlllf!, c4'arimce 11,ilight ·b~~n the swrage h<,'ight and a 

~tlootw oHhe spi'hthler, spei;ifyini;pi maximmn eoverA¥e !m:l$ Md fi,u1i:Almum .ooverage!lteii;(11ii1 

·pe.r sprmkle.rbasis in 1fu; l!j!s~m; ~·peclf)in~'sptmkler-tO-spdnhler spacing teqtifremehts in the 

system, ,specl:f:i-ing a hydpmlic.tlesign ru:ea &id a i,{e:.~rgn operating 1>~\.lre;· and sp~c.ifyiug !f 

15 (wsigi'ICJ fliiiq deliveryd(il.a.y petii1d,. lit lllleytber prefetted ei.nbodhrient; s\"JOOifyhig at1ul<l.dcllvery 

d~l!iy cmr in£l.udes i>J~~~f-yiilg the delay s<;> as, to proinpfo a ~m'OJllld anq d.row;i eff,\':Ct to addfe,~s g 

fh::~ ~cvenf .in the l:<'teli'<Jg~,qce\!pllllcy. M~m~ p,i~ferably, specifying a designed f1uid.t1envety 4el\l-Y 

indiides ~peelt)ing; a tluid-Oelivery delay Thlling betwi:eu ~ r.m,OOmmn fh;id deli~l'f'.de!ay period 

and.1nni:nimum t1uid iielivei;y dclay period, whete, more preferahly the maximun1 and minhntlttl. 

:W 111.iid-delivery delay peiiOil!l at ti SiiOOl!ied to <iCCllr.af the nrost hydi'aullcai!~' temote·&Jd mast 

hydf'.ru!.ioalfy clo~'.Sptiil'.klem.respecfoiely. 

!00$81 · Ii.1. imoth1,-'t pp::foi:red' asp<;ct o:fthe proc!:l;';s, i,-pecifi¢ation of a. de:iign fluid qcli~ 

tfolay .!~ preibr1foly aJ1.1\!Gtii;>l1 6flrt le1i;;t orie of \he !lcilill& lwiglil; 91-l!'lil'lltidity Cl<$&iJi(latfojl,.stoi".ige 

l){.'rilfiguralfop, litl)rug~ h~ight, ~ cJ~ heigli:t. :Accordingly,1!p00lfyiiig tlle designed t1i1id. 
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ct~liv~l'}I \ielay petk~d. p~et~ly ltqah1des prpy41ti1g ~' qi#ft't;lble of fluid 4eUv~ !kll!iy tim.~ JlS.a. 

1'unctl<:m u1: kl$t o,ne.-ot' !he. cei!h:m ~~t,couunr,idiiy clas~ffi(1atii;ln, stQmge co¢5kiUraliop, storage. 

l'icl~ht, .aua cl~l).l'llltl'l!l i1eighi 

(ll(1S)!j hi another Jtte:ferrod ~tof the procc$S1 the twvlding tbe,im~al!~oi1 Cl:i~a, 

:5 mrtliet indu®s splltiHying system ctiUlponents.for use with the sprilildttr, the. specif,rin~ system 

QQlhponenl:s prcferabl}' includes ~~'l\\l<.Jifyfag a.rl.sera<isembfy fu(i:~l~lli,)lih!g::llUid flow fo we 

dehty. MoreOV!,".t, me.'pmes~·Q,m furt;her bwludi:i 11peclfying,;1 fire qet1,.'Cti.on ti,;;vicefor 

1.-'Vnuniuiicatii.m'lliii!h the @iwtmeC,!iamsm w prpy(de p~e!¥i.ipn installi.ltlon crltcJ:ia, 11w pl'OOi.!S~ 

.io can also. ;prmiide t!mt imii'l!Llat:iol'l crlteciabe:povi&d in !i da:la. sbeet, 'whicll cm1 further bJC!ude; 

publishing '!he:~ sh~t in .at leasi 911ll of papt.lt media and \iledr<;niic media, 

f00.60! Anotliet11$pect ottlle 1~rcl'i:lfred pnlCCS.~ preferably indud:'ts <ibtalning a ~p.dulUer for 

n~e iii a dry t¢1'!\ng.:Qt)iy . .sp#nkl~ sy~m for 11. !.it>~-age .,ccti.pan.cy rn <me empodh!!ent cf tire 

proi:8Ss, 1be o!imh:i,\l!,g pref~at;lfpjcli14es jlrmild.ing 1.j\e spJi.nkl.e;, I'io.vklilig tb~ ;.'pti,hklbr, 

LS prefo01bJy inelude~:J..>rov~\nga':Spri11ld~.body lmving an i~'l,Md an9utlet-with a passagpway 

t~~bctwe;m (IP' as to. det'ine·a :K'.~fuettwot abent ;:;[even qr grearei.:, µi:e.forably !l,bout se:w~tt".011, Md 

lnQ.(<.l pref~~j>y, 15:8, and flltfaer providu1g a. trigger \l~S~bly.having a !)l~a} raffo!f of ubo;:it 

""""" .;i;·.ov r~ 

[llO<ii] Anbihl.lr asriect pref'etably provid\illr th!lt ilw ~\btami~.ihchkfos t!J.!allfyhl~ the 

21J ~ptinkieiand iniire ptdbmbly ll.Bi:ingthe s}itj'nkl!lr w.itli ah o'qpullzatiori !!Ceeptabli! to au iwtll'arify 

<~\:O(!rdii'igly, Qliain,ilil}·tiv; sprfulder CllO i,\1ch~ fi~·testing 1l~e:~prlrtk!er fqt qwi,!!'(ymg, Tho ·r,esi:ing 

rm:ifore:bly·~hides ~cilidng 111:oepta151e·.tei c).'l~ria.i1wlu.di;1g f!l;li~:demittii.l an\i <!e.~ignpd sys~ 

o~·pt\lSSll!Cfi, In: addition,. the tes1tn1r include looatlng a plu1,11ljty of.the .sprl:nlder hl a ~illfig_ 

IP-TEMP
Rectangle

IP-TEMP
Rectangle



WO 2007/048144 PCT/U S2006/060170 
31 

sptinklet·_!,tt.id on a;sprlnhler41Mlp1:hlklet gpac.ing ata ceiling heiglit~ tliiYgdd fw·\her pehlg 10<..'ilfud 

abOye ~ ~ored oom.~l11'>"1ii).lg!f oommooity clris$i~fon, ~01"...ige uontlgui;MiWi ~,s~)dlg.h 

~ght Preterahly, $.!! lo~m~.Q:f i;bll wu~aiit~' oti:lw ,sprif)k~r ir1~~~ kw11ti11g one hun~lr~.sixty.­

n~n~ (1i'i9)~pri\lk!ers. J,p1. gr.\lihm, ~iglrt foorcl)y-.<;lght foot ·~11acing (8 ft. x 8 it) M iiimrt1!lii'ilely ®fl. 

S hundred (i OQ) nf: lll\1' sptinklt;.1 fa the ceilfag ~'Vi:fokler .w.W nn a tei1 foot* by-ten foot spacing ( 10 Jt x 

to. tt). Altem!tlilt>ely, 11:ny rttmiber 11f sprirudm can.funnthe grid·11r(r'iide&the Spl'lnkier-ttl-sprlnkrer 

spacing can pn.r\>ide at lc~st ~lie sptirilder fur .each sikty-four square feet (1 'ilpifokler per 64 ft. 2) or· 

alfoi:najlye!y., one sptlnkler for~h une tn.1vured $q~ feet ( l llj:lmw~r per HlQ ff?}. Mott 

gs.inci:ally, ih!'l l~icatil:lg af tlie-plum!iiy of~r-inld"1' ~tl.lb!y pm'Yi~ locafoig .a suffic.ient. 1\t1mber 

I 0 ;:;fspih1k!.~ l!Q'll.$ to proyi® 11.t l,;il\-~t iulng 'Gf:\ma:ctuaM sprinldei:~ .bordering the aetuatcy:d 

spiilild~ during t,heiest. ,Further tAclnd@d in-the teiitlng is gooerntinjffe a fire e-veni in tlie 

'\:ommOOlty, arn:l 'd.~!~i~ fl\ud dlllClmri;e :from the ~nfdel: grid so as to .acthmfoa :m.imher cif 

spniiklets alld diilcifla~ge a. fluid fuim any one activ.u.ed sprink161' .ru fb.e deii}gne<l ~Y.1>tell1 aperating 

pressur~::to OOdtess ilie fire evtiu~,!n a.imr!:<mntl Md drown ron:J'ig11raikm, hi additfon; denning tlie 

15 ~p\tibk: test!'titeria preferably inq!u!;les detining i:luid 'cletnmi.d llS a ftmctiot of.dl:.<rigne;! sp~nkler 

actiYafa~ to ¢ffel)tlyely ()v~~~J.m. !ind.suf.l9µe a. fue \Yith. a $\1'1,TQt\J'lO .illld dl'crWll COllUgllt<i.riou,. 

~>mf~biy, t!w ileslgiie~ sprhi~Je1· ~lvaiiell$ <11'<.\·.ii,ls~ f\lan fodypei;:t:ent·q.tfue total sprlxildiln; in the 

:grid, More preferably, file i!;;:signeii sprinkler l111-iMuWns are leill! th;m. thlrty•seven ~"111: {.)f1he'. 

2!t !he ~cld. 

1006'.tj In ;; pretmed emhailiment of th¢ pt1)Cea&; delayh1g fluid 'disc;hatg,e inth:id<JS, de!ayfrl$' 

flttilt 'dls,cnarge •fbr a fiClfOd W.tl'm~ <It> a ~~ri ·Of~ J~allt Ori~ ofl;ornll'.!Odlly clas.~ificll:!Jo~, Slarage 

cqil:ilgw~1111, sto~aglll he.ig,.l}J:, ii:nd a sprlllicl~~t1:1-~f(?rag1?*learazyreJ:i.eight ·n~ dd<\~'mi!; t1~1ld 

di~harge,ca.':l :funbey fo~lua~ ®tei~u1.uihg tl:te perfod of :ffujt;! ®!~y f!9t'Q Ii contputfiliqn mo.del oftli~ 
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comini,'!dii'fai.ld 'tlmi Stomgi!0ilin'!P~Y•,ln.wiiiifh the niode! S.'l!y~ fot f1~-bt1ri1 <>Pti~let-l!!>ii'itatltl'U 

r~· 1rucli thli\t t!WJ;Juid deli:vt:ry d~~)' is the thn<i l~ oet~~ti e. fmi.t spril)ldet il.c:l.l\~9,oll ~id at 

l~t .µne of: OHi criµ~jmn1j:lm' of ~ler ~.t1vatim:i$.; aiJ,d \Ji) ~ n~J;ler ofsp.ril'l)detfi ~uiy11\¢nt 

~l3fum, sribsy$tem, J;Pll.\txinent; p~feral:\ey Si1rlnklet imdior lii.e:il1cti:l. Cl.ll1 inclttde transrer of th.())" 

,prefu.trcil system, a1l:fSylltern~ comp6netit,,prefmbly. sprinkler and/Ql.' incll:rod t'<J at loo:it:6ne of a 

·retailer, 1mppl.ler, sp.i'illk!et sy~ ltJstaiier; 01· sti.1i'\tge opet~tt>r. ··rne.distri!:/u~ ;;~m indu<.fe 

i>prfu.klm~ ftir use fu a: 1ity celling-only '$Prinkl~r sYstem to ;prewot·a iltotag~ occupancy from .!l,fm,:t 

pa.efy to.a second-~ty. The dfsttlbutftin. 0Ni1e sprink.ler -cim inclllil~·pul:>l1shilig infoi:matfon about 

th<:l qttalifk:d.sprinkleritHlt l~t on0 of it paper ptlb1ieatim'l and-an on-line puhlieatkm. M(}retwer, 

lJi tbi.'l .j}t1hli~l1h1~ it1 i.m im:li.ite :eu!'.ini:atimi pre.fei:;lblJ .il1ciudi:S,l:i0Stin1;ra dani <tit'dJ tlbti'Ui the qWt,llfle<l 

sprinkler on,!i ~m computer p~si11g de'Vi\:e stjch ~ for ~i-Olpl~; a 1'itrv"1r ptllfeni~!y ~UJ:ile-~. to 

~.netWotk for cotrinmnitlatioq Willi lit lei\St a secai:\d ei>'@.'llrterpttic~~ng.<le>~.cc, The h91iti»g can 

f,ilrfhex j~fod<:J ~l.igurl.~ ll!e qa#; m;ray \It~ es to in dude .a Ji~~ a11t1mxity clemc1it, a f{~f~r <lat;,i 

e!:emel'.lt,. lJ:.te.mpemu11'$ rating dma eilemeHi·aud a.spriilkler &ta co11Iigtlka!lon clement CoofifJ;Uf1l~g 

iO th~ dtlm:array -prefrmih1;11 includes· ~{jnfi~utfogth~ HSiitll!! auth!ltity :element ail at kiitSt .one .Qf 01:, an<:! 

or Factory Muwlll(FM), A1Wrov11ls·(h~after·"Hi.l-f"}1 configlli'frng tf!e K-filewr data eletne!1tas 

beiJ'.~' about ~im.te~'T~, coilfigu&g:the teh:ip~'t&ture raung.ditt;.1, eletiii':llt as being ahoiit 286 °F' and 

oon:t1gwhlg~'lesi1fhikler 1:<&t1fig'1,ratillJ.i cl!!.ta ~l~t ~ upi'igl~t. Hos~1g ii d~it<1 l'\tw.I ea1-1 fortl1m· 

. lnciude i®.nti(Yi!lg p!!mnef&-s foltfie d1'J'!:d!ing~niy sprinkler ~ysl©l1, .th~ piuamet~Jiidudiµg: ~1 
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bydxal.lll~ de~ign, ~. nl,\:lpding:ll ll\l~OOt pf i.1*14~~·1\iid/orsp~mkier-m•~Finl<lilt ~ptnilng,, fl 

·r.nax1inum J11Jid i:l.e'l:lv:ery d!lfuy perim'tfo a 1noo't hy<Jraulically. remote ~'prinkier, 1.md: a m'inlm!,\m i~wa· 

<leliv:ery: deiay ~:Odo t~ U;e; most hydr!lulrcally ~kise spf.ln'li.{i:r, 

jij~6$l Furtl\el:"proyideil by a pref'iirl:ed:ern bod.tment .of i!ie pret.'Cllt inven.tion is. il'. sptiiikl~r 

J.. system for.deliWJry ma fue protection ~em.em. The $J'SWl11 pret1:\mbly ineludl.f$ It fir~· 

IZ(.llnputet p'r~UJ)tl!i.ovice m'~tn:lp.tliti~tl® w.fµt at least a:il(i){)Otld Cdmpu:Wf. .fimOOS!fujg device 

<>'!eta n1.itw<ftk, ~1'1 a i:!at<t~c.stoxed.011.~1~ i:inr\.cm'!lp\lterprm::es!:lingd.¢vicit, Pre.fei'ahly; !he 

network is •li km.i 011<: of a \>VAN {Wlde·~a·nciw{)rk), .. h./i;N (fo~·11.1·e1knetv1101·~}an>l !ntem;;;t .. Ti~ 

~ ?Wtimil:ily. lniiludi;.s. (! ]Jturalify•@fdata ~~. Tue·J:i.i:iit \lam ~prefe.rably identi:fii;s a·. 

HI $plinf!er.far.·use.it\ a i!t,r®1ilng·Only .tire protew,fon '>-1'b~ for 'll' storage o~upancy, Titc .tl'ist4iita 

amiy·pretbnib;ly'lncludlill! .a ~K-tfil.1:oti a t11mperatur11 .. rati:n~~ mtd a hydraulk d11sl:gn.111-eir, The ·s1:1CGM 

dat11:1rt.ray preferably identiffes a stored:comn1odit)'., tll:c$0Cand clara lli'tliy preferably inc!rul!ng,a 

oomtmld.lty c!ailsiflcalfon, ~ si.fi.fage c;>!!figutatkll.i arid a, s.torage hdglit The third data. afl'i!,y 

p~~'e\'l:i!)!y .ilkmtlfiilf> i,1 m~i.!l!Ufli fl~1d q~\livery dell\)' petii;J9. fo.r'1fi.e dtjliyery time )i1 ti)e !fa)St 

15 'hyd:rauliC1,1J:!y re1~10~~ spdnkfor, the: f~frd4afo. e!emenf ~ing ~~ fi.mctipii {)ftfae .first an4 secqnd dat.a 

~yg. A fuurth data l<tray prefurably tden~itres a minimum fhild delivery del!!Y':Pcnod ro.r.i!he. 

dclivGrYJimcto the ioost:hydr11ulicaUy df!se; sprinklei;, !he fourth dai.l\ li\n<ty befog,aJtinclion·oftbe 

·'fi.rst.an<l·!l!!POnd data arr11ys, 1n one prefon:ed errib(ldilnoot, tlJ'.e database is co11flg,u.red as·ait­

elettmnkl .ditta sheet,,sutlh a.~''fof ·example; at. lea<rt one of an Jmnl fl1e, ,pd-t,.a~ ecllu1bl.ertext J1l¢,. The 

20 11atl:ilias1l <::1111 tllrt:ti.ednclud.~· a,iiffb (Im ru:11o/ ideritii}ii.ng,a tl:sllr assembly f& use "ith the spri.nkl.cr 

-OftlwJ.'im data.arrt!y, ¥ind e'\Ieti, f'iil;thtir inclti(l"a $hdh datl! aT!iiy idctitifyi:ll$ a pij1mg sy~i.'em fo' 

ooupfe ih(;) OOfil.\A'll Vl,\!ve oftli!l, fiit!l-Oah\array t(.l. tli.e sp.rhi!de:f Qfth<iJirst data ar.ray~ 
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lfr&]"Jksf1riptim1 «>f tlte 1>N,Jwiiigs 

f0066.I ~. ac:~<:nnµanyi.ng drawing$, wTifoh-are lncoi;porai:ed herein iind eoosfitllre pai:tffi' 

t!:rls ltpOO!flootio1l; illw!w.itt exelT.tplary em!xidlmentiHYft'he fuventlon~ ~ togethe~;· with t~ci;gei\eraJ 

~tiptl!{ll &ivetfaoo\ie anii the d!itailci:l d~ptb:J!l giyeli be,lQW •. ~et'Y'l!.\',f<,H'Jipiail;l $e f~~ of the 

5 invei:itipn. lt. sl,iliul.t! w uru.forlitood that ilie pti1fe:iTI;d ~Po.~il\wn;ts are JWt ·fi?.e Jo!!l:ll;ly. "f '!he 

1nve.ntl.m, 'but are, e1q1mp!ei; Qf tl~eJr1ve1}ti\'1n ~$:pft.i;Vidc4 by the appentfed\llititml, 
•' ' -

j!l673} f10, SA is~. sprir4det ~Qii'\iiitiim pron!~ fri:iih anactl,!al fire rest of!ha~orcil 
. ~ ,. l' "I''' c· 001~.u~l't)><,l:!': J; ,.a·~--':• 

{00741 FIG. 6 !s:an.Qther pr.ilQ.~~tlye h~ re\¥~ <jhq.;1p.i:lilJi;le;r{l\)f:ivl>!titin profile ,f~~ ~l\1(¥\P~. 

2..!i :!tqro4 wwmJidity:in a iei.'t ~~age are11, 

i®'iSf FIG., 6A fs tr.sprjrikler ectivafionpµ,:ifile from an act\ml fire ti:ist ofth~ stqrqd 

comm{it!itx (lt'.I~i<,: 6 .. 

{11076] 
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oon:im,1'.i'4J'tY i1f:P.lG. j. 

{~1781 r)(l .$ iif; anuJ,:her '.!)Xei:ilQ!.ive heat. rdeastHmtl sp@er 1111,t!vati® :J,)l.·o:l,ije for <WQJ;her 

another ~tt?red:cc.ni.nKxlify' in.a tei.i sto~ area. 

!(l000J f"l6. 9A j:Sa ~!Ider &'ihiaiioii. pro!i.li; frm;n iijl ticlu<1l fiic lest ~)f!he stofu4 

oommqdit.rofFKJ. 9. 

[00.81] ·~'Kt tO ls !inotlier pri;4iti!:i\>e heat re..li.l~ ·~ Sfl!lukl()t ~tivati9n pl\ifile foi:-IU\Otlm 

voumroilitYc offlO. HJ, 

[il!l83 J Fi ct i· l . ill yet anoilw~ predictive bellt relea,<le arui. 'spfa1klei· a~iivatfo~1 pr\):flfo for 

1.11~~ FIG. 13 ls ru.1 i!lusawe f'Wwchart of aptefun:ed des!~ roothodofosy, 

zo i008'1i Fi.O. l3A fa an.tilternlllivt: illu!!ttati:V.e·f:lawch!itt"fot d~g a.prefurl'ed11prinkf(lr 

system. 

l-00118] l'Xl. PB is a pri..>ferred hydfauli<: design J?O\nt .ifu;i ,:.dterfa. 

IP-TEMP
Rectangle

IP-TEMP
Rectangle



5 

WO 2007/048144 PCTIUS2006/060170 
36 

li}!l90] 

<.)fl1Q .. t 

t009,tl Frq .. 16, ls a,p,!!\l'.l:vlew o.fih~~'p,ri.nkler qfFJG. 1.:'\. •. 

l~~l • FIO. J,( l<i·a:ll'}~einat!i; oi:ie"Y '<if ~nisGL JiSS\.'lUbly 11!-~t~!Jed foi· use in th<;!. l!)'ll.t~ o:Oi'!<l 

t. 

f0093J F.!G. 17 A.fa an illusti·ativ<roperation tlbwclia:rt for the systein an4 riser J.\Slrembly of . . 

FK:t 17 . 

.[00941 FKL rn is a klo.hen'l~c view qf l.l com put<;!' ptn1<e~s.ing dJN:l$1}.fot prf1cti'1.itlg one or 

n1Qre aspeets of th" PJ'(if~rred s'y$h:lil? !l!ld metho&i;9ffl:i'e pi;<.ttl.it..1.iqµ. 

!isst1mhly of Fl G. J 7, 

•'lfo<fir(-'l}..P'f?r C4FfJWig Ollt!fJilft lnv1!fftt{Jn 

~ f!1re Pi'otetiti,on System .(IO:nfiguretf"f o ,4.dqt~s~ A ~'Ire With A Surrout.11:!. & DroM:l 
COllf!.gUl"JtiOll . 

J'ip~s havlnf,S a :wctportion 12 and a dry portion. i4l'l"-fer<ilily11ouple.d to -one aiaQtrror by a µrimary 

water oon!rol valve.16 whfoh ls. prefumbly a delUgc or preuctimi•valve ·fl~ ~ternativecy, m !fir-to· 

wate.rmlitivalve. 'I'he \.'i'.1.lf:portioo·ttis p~m'llh11.oonnec.too to !\Supply offlre fi~ngtiq~mis:h 
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as;f9r·~a1i\pfo, a w®lr ma'in. Tbe4ry p,o.i1:lnfl l·fi11cluue1u11wtwork ofsprink.l~:ZO 

int~~ted hy' a tiet\Vi:ii:J.< :t?f pipes fill!;ld with~!: 9r cit!'ii;r g;m, Afr pt<i!!lll\N ~l:l!i.in tbb pfy p()rJ;i.011 

akinc or h:l <Xm'lhfiiat!~·W,it)l ¢n9tlwr cootr9lm.ecluln:~ @ntr.,ls thr.: .,pentckilJe-O:!!fate Qi.' the 

pdin~ ~afor· control valve JG. Owi;iing the pri111ary '\'lllt.e;r::c.'0niN1 val:v~ Hh:efoa~es water .frnm:the: 

5 w,g porn on l.2 !;110 ·tne0tlry pol1fol:l 1·4 &r the sy.stmn to he discl'.mrged through 1111 open sptlnklel' 20. 

the: wet portion 12 ean fu.rther lli.clooe additio:nli.l dl:wices(not lilllo\;'tl'J m.1ch 'lt.'>, for Qiru:nple, ilre 

p1.m1ps, or bllcKfll§W :pr.ilVl':!.ltet!; fo ai/ilJ.vet tM wli'!:er to the i°ify, j)Qrtfon 14 al.a.dei!i.ted ffow'i:'ale arid/ot 

mHlll] '.J:.00 'j)r.cr~l'red.1:lpri.nklcr'syst~i 10. is: ~nfigW;ed tb P,q\~fihe ~toi~ 1.Jti:ii;mooity 50 

to by adG!\.'SSlllg a ~~m\'Vili 7~ ln ~ ~e. !1l'efl 1(] with. a pri,fi,"ITL'.4 ~}'wlnltlecr l.lpetal.i.<:>mtl ;area 16, 

!\S' ~fa .Fio. i. A:.sprin\liQ<.~ional ~ :Z6 fa ,pretmbly detmcxi!.'ly a minimwnnum~r qi: 

acW/ated 11prlniders \iwrmatiy tl.'\ggmd by theflfe'growl:h 72 wfilcll surt\)mui and dro'W'rl<.i ·~event 

oi'gtowih 72. M~ire speci.i:foally; tlle.pl'et~eiisprlnklert'iperoifonalarea 26 is fo.nned bra 

minimum mmiher of activawd :;md apprc:rpriatefy spaced sprli.1klers oonfigttred to d<.cl'lver a V{ll\lli'J:e of 

15 "'""!~ oi· tith~tke ng..lttltig f!'ui!i havi:jlg adeq1.lli!c fl~ ch11racletistil:$, i :~ fi{,)w raw and/or pfel:lmll'ei 

to O'.l'~zyil~ltti l'\iid 51,1bdue thef fire fr~ abqve. Tl)l.'lfiilil1ber of fuetmruly aefrv<i!cd ~ii.nkliin> 20 

4~1\mg :the operaiimw.! at'ea' 26is.preferaNy si.ibstnnti~Jiy~er than th<! fri!Al lll!,'ll~.r qf avai!a:t;-!e 

~rlilkle1:s 20 if\ t'he .dry ·portion 1 + <li"llie ~-yswrn 1 0. The '111.ll11ber of l!cilvated sprln!d<i>rs t\i>.rrµfogoihe 

spdnkJ.ei· operatfoM1 .. 1111·ea 26·fa1nt.!llnt~;.ed: \l<ltl1 t\} e-frecHvely 11dd;fflss a fire. and fortber nJ.iniu:ifae 1he 

20. t'\'Xtl!n:t of watfil" dl.$tblirge :from the syswm. 11 Activaten" trsed h<:i:ein means tlmHhe ~"J'l'fukl<:ir fa in an 

!JPM state fur the:d~Uv¢1:y of w<1ter. · 

[Q.161! li1 gperation, tll.\l' ~eiling·oill;r dry spriiil.;:l.;:t stste1n 1.Q lirpreJ'era.blyconfignred to 

ad.cir~ .a Jlre wj.th ;a ~uciqm.id 1!.\ld df9Wl1 ~ffeqf, 'wuld iriitia1.1y ·rC..<;p0µd to a. fire below With at l~s.t 

011e sprin~ler thl;,"fln!ll ~yaticy1. Upqn activru:!on of~ spr!nklm: 2Q, .the. c<;>mpr()$ed.filr or i>lber 
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~as in t1ie netwof!< o:if:p~\'>'1-vo.uld etcap~, Pru,iaione or fo ooinbim\tidn 1Wl1 a$moke z~i"J:ire 

fotiicatui'.~ trip ()Pim· tlre priil1af,j(Wat~ controj v.i;l.!y~ J,(j, 1l!EHipM ,p.cimary W'!ltei: t\)ntl'Qi t@lv~ Hi 

petm.its wa.rer. ()t ).Ith& fire fi~ ili!-W, to !'ill the net}\'ork of p~s ~ria ti•ayc,l to \he tiefh'at~'<i. 

$pjink~ :?:(}. A~ 'thfa' wu.Wir iW'l~~s thi;ou~h. tl;e pipll~g of t11e l<Y~ll} l Q, the abse110¢, ofwa~e.r, and 

~~ nwre s~'il1ca!1y rlie !lh~;;e <;>fwaret at .:lei,'igned o~ting di:scharge. pre11sure, ih 1h<i !.¢oragearen· 

10pemiil'S1h.e. fire:m $~OW releasing <iddit'iona! heat into the SRll'llge lltea 7(), ~fa\ter ~tua1ly 

r.ewl:ros the g<ol:!p of activated spt!nkl~ 20 and begjns·to tlfsenar~.over tbe l:ire 11:1:111~ the p1~rted 

t)perai.lbti.al ffi:ea 26 bul'l~"J.1P to i.1petatl\1g pressure')'.~. j:lefu'iltting a ·~>?ntim.11:-d incr?rui"-' ill.the heat 

iel<:l!l.,.'l\l .rtite, The~~ heat .con.tiiu1oi;tb\i thl;'imal t,rigg~·ofru.14itiarialsp1ink1ers pro:cilµa~ lli<> 

r 0 iul:t~ally trigg~~ ·~ptltiJ.;forto. ptef erab.ly defl,ui!! the d.e~ir<id spr.n!d~r operm.i om.ii ~~26. imd 

l;ordlguratiou to('!µrrpund 411.ddmwn tlv.; tire. The,.w~r disi:~~ reai.il"«'ll fall oµ~'!atlhg.pre.~~ 

o.µt ~!"t00-0pi;ratiMal. <l.l'~a '.26 fo .·ll i!Utroillld ·(fild dr.o.wn Cl)nfi~urntfon Jro w m vvern~heltu anil st1bdue 

the.fire. As;:u,sednercitl, 1~urrou.ntl and drowJ1" means to sub§tan.tially su'mJund abumh1t1,.!irbr1 \:l.>llh 

a di$cXlffi'.~ of ·water to rapidly roo\ioo the hoi:i!: re1eaa<l .rote, M:!Jreovei:,, the systllm is ci.1nJ~gur"''d 'l!Ud.1 

15 tliat rut the·attl\/!ited i;ptit\kl,;,'l's f~m'litlg•tll.11 cperat!*g.arctt26. ih:e·preretably ·aritivati:id within a 

p.n:cierel'lnil1~ ti100 period,. Moi;e sp,ecifieal!yythe last !i1>lN'au:d. sprinidil'.r OOC1.Jlll within tOO miP<!le.."i 

fo.ltffwingtlie first theiimd !\PiiiJl.<!~ iwtiv;-ltiQnJn ¥1¢ system. t 0. More pmrerahly, ~.l~'l( spri~e~ 

ls·ac\lv;ated withln.el\?;h1.;11im1ie$ and mowpTefl.;r.al:>ly,the,t~;.spril:U~1er i~ ~tivat~d within five 

min~. of-the. f:i1·$t sprinkle!' activmfon fothE: wswm Ht 

the smrnge area ·m ptem1tmret¥,, mhibit fue growth .. aiid:.ptevehtfurma.tlon offue desired spfulk.Jer 

operatim:u:il. nreai6; Ho~, txl·itrtroduce'watertQ6 ~te fo:to'tlie"Si?~a,ge ~ea;'lO coi1!q pethfit tl1ll 

·fire to grow so larg~ s~l\. t!W.t'tb.e il¥Sf,ti.!11 JO could m)t adcqtw.tcly9:verwhdm mill ~ubdue ).he fire, or 

ut h~si, may er~ly .;il.l!Ve fo sfow fuwgro:Mti.qfthe·h.citt .. re!e!!Sil rat~. /\.ccordlng!;y, the aysfon1 rn 
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ti<;e~saiify re"i!1ili;es. 11, 'VlU~t. ~1' fluiq qeli\;¢fy !JQ!ay ~od or an l!li,i;:q~te length lo ~ffucl~vi;i!y fotm a 

sw1nkl~ o.~o.ual iu~a ~~ suffJ.Cie#Uo 5un;ound ruid 4r!.lwn fm; i1tc. To forn:i the d~~ired 

SJ;lf~TI)der 0:r;ci:atii;ia11l area 26, thll wrluldllt ~1-st!'m J.0 hl(;lm.te<> i.¢ lea~t ®"' sprinkler Z/J wiih &\ 

1ippr<.?Jiki~clyi;;~ni~~ed: fluk,Ld;;ili~ delay perit.>tt M;nx~ preferably, to ewtire tb~1t a s1lffiel~nt 

S 11umher of..~drtkl~t'll :w are ,tJ1enu11lly alltlvated. to fo:rni a1.~irtklet ~al area 26 ~>ihi)i'e in 

ibcoyatem l 0 su.fficitin:t to. surround \ind dri)wn ~he fire.·~rowth 71.,,, ~ sptfolder !n Jhe·sy$\'l:m HJ 

lli!B a proi:i¢rly oonfigtit~d ffuld (!elivery i,ldw perioit The tfo.kl dellwry delay peri\l<l Is pref~ly 

W"'1sm:eq frOlll the tnom;mt wlh:rtllifig theimilJ aGtlvatiqJ) ofatleast Qil~.li:pririklerZO to U;i; wmn~.:. 

\'If fluid discli.arge frq;n th~ ?l!<l.Ot more sprfrrkl~w fooµirig tl}e desi~ ~'Pl'lnk.ler upi:ratioruil m;:;i 46, 

fO p1'eferab.ly ai,.s;y;ttem op®tlng pres$l.lre. the fluid dellv~ delay period, following the fu1.m.nal 

ad;i.vatlon mat !ef\iit \)ne. spmlkJ.er 510 fa !';'!SJl()llS!: to a fir<: Jwlow !he,<iprinkler, allows fur th# fire t{) · 

~w unl:m~doo by: full fotrodud'ton:.oflh:e water or o!her fir~fig1if~ifol!L 'I1tc lnventors h,we. 

i.li.-scov!ltvd.that ifai;. fii.ild <lblh.!er)' <k"1ay petibd Cllll be· c,mfigtir.td-10ti;:h. th!'.lt the xestiltmt grow!iig; .fire 

ihermltlly triggets,atjdititni;tl $pl'.i~lera ijQJ<iool:lt; ptQ,~ifuate i:Jr sUp:oundfog the initiuHy J:tigg'e~~ 

1;5 li,pr!uklei· '.W. Watl#'~!W:tgtt from ~iesultaiit ilp):inlcler 11Ctivatiq1wdefinc tl~ <{~ir~ sprin\der 

6}'len}j'ian&1 iu-ea:26 ~ suf1'11l:l11d and drQY,,11. m1d tll~y qvei;whelm and subdUI:! :fuc. fire. 

~~rdiug~y, tliµ ~ of iw o~owtl area 26 is pre.fel".ibly .dlrectl:y <"elated :to i:ho !engtli of tbethii~ 

delivery d;:ilay P@rfot,l .• lb.eJoiiger theJ1cid. ~lelivery d~lay peiiod, :the larger thi::. rt.re ·.gr9wthi:«.;1u1tii1g 

ln rnon:rnprfokler imt)v<1tiolll! tolbtm a iar~et' resttllant.:<q>rlni<ler operational ru•ea''Z6. Conv~~'. 

:w ~ small.ler tlae fklii.l dclh1ety drla~ peri~ the:smilier ilie reaultlng operatkmal area.Z6, 

followl.ng .first 'il~~ili\dilr 1~1,,1.ivation, ih~ fl11'i(j dl!ll.very d<tlay pi;r!mf iswelhali!y a foootfon .. the trip 

tillie fo(th~ primary \vatet c<;>l\1l'Ql '>'\tlv,e 16, the 1->".t\e~ tran.~tfon J,i:mej'hrqugh tl1e ey~tc."l:U, ~11(1 

'-'OtnpreMioh. '.fh<i.1;1e ~ctonrJlf ~Jµfd deliv*ll.'y i;lelay m;e more .thoro.ughiy disc~<>sed in.a pu\:lli;;atiml. 
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fi'.!'lm TY()(} l~[R~l /!t, BU:li~Dih:!G PR(.)DU(Y:fii enti:ileu A 1eph;ni!Jffl Amaly,ri~: l·1•r.i!Jlb.li!,~ 11ua·.A,f1s•li 

th~ f!r;r,fortr1wir:lf xjf l)zy Pip# 8yst<W13 (2()02) liy J~~ O!>!invoom; which Js. liro011'Xl1atecl.j11 jf;;l. 

entlrcly hf .retere11c(;I. Tiie vlli\N trip. time is: general!}' oontmlkd: by the rur 'Plresm.tre in the !lne; th~ 

allwnce o~ p1:ei;en~ o:l'ili« wc~leratl)r, and in 'i.l1i:" ~of mi irir-to•'Wat~>r ratio 'Val:~ ili.c. Val:\111 trJp 

S pri:S'..'!Ute, '.f\irtlrer. .hnpaoting the fluid ~clivexy tfoiay}leriotfis ilie fluid minsifi<~b 1in1e from fhe 

]'ltbi:iary. oontfjft\(il.tve 1610 J;be'aCfi.Vilted ilpritlk!eis~. :t'h,e tmll$ltfou nine il\ dfotafu4 by fliild llll(!ply. 

presS'\ll:"~; mt/gas i1t me p).p!Rg;. aJ19. isyilt1mt pipif1g voiiune ar1d arh1ns,enie;1~. t'mm.i~i\in hr the 

ni~o',Ute of time ftQ.m waw. ,~~lg the act.h1ai~ apri11!<1ed.01h~ mpineut lilie ~ch;Jrglug water Ql' 

~nsl:!til'l.!t ·fhiil.l ptessm:e is ltlllinmin.<l<:'La6ibout ''r<1lmvethe miUimmn· operatlnl\\' im:ssure fot·the 

1 o spi'inkler. 

!0104] l'i:should .be imderstood that becro'.1se the;preferred fltritl delivery delay p.i1fotl foa 

d¢Si!;ji\ed o:t matldato:ry d6iay, prefot<lbiy of a dt'liincd dunitlinl, it lS dis!ill'ct from Whatever 

randm.ruzed audi(ltlllhereuf. dda}'.l!,that fl.\ey 1~ e:xi>elle,riecd h.1 t<ilttent dry sp.1folilet syste1.a~. Mtire 

spooifi)lruly, ilie dry pmtip1~ 14 c~n be ~¢\i~~nr.'Cl ai1ifti\'l'~ ti~ ~ffect t!ll.l;d~ired del!\y, fin' 

t~ !!Xill):ljll~,,by 1n(l{ljfylng 0!'.~1.u;i~·tbe sys)'em voluxne,.pip:e difil:anc~ au.:Vl?r·Pl~ sizl!. 

\011151. Th.ed17~iua i.4 and i1snei1N!'.lr(< of.plpes>prefoitably .inchul.esawain ri$,'r f'\lpe 

(\Ont~t<ifr h\"fhe,prnuary »V'.i.tei:·tontrol 'Valve 16, and.amain pi.PJ) ?.'.i tq ~'hieh areeom1oot1:d one or 

mt)fu: spaciid~aj>art b.ratieh plpet'r24. Th'eirelwork 6f pipes l)an, fut1her include plfl'il i'lttings,~trch as 

CQilnecto;11, e!®>Vll a!ld risers, ¢kl. fo i:,,'tit\ne<.~.pQftfoll!J:·ofthe network .. rui<lform.lolips 1.md/()! tree 

2!,l btarich4i>nfig:uratiom11i1 ·t1ie d.ry. portion 14, Ai:ct1rt!ingly~,the dcy µi:m:fo.it 14 elm. h!IV(}Var}'ing 

cliNalioris tit slu;Pi.I tr<.'lls.i tiqos fion:l (1.!}e. si:<ti,iQ.il. of the <try .p<.i:ttix1h ~o fui.ofu.el' seeti~11 of the'dcy 

;:xlrtinn, The spriµJd@ts. ZO axe ptet~J:i)y nmu\lted. to. an<,'!, spa~d ·along.i:l11:1 spa~~apl'Jl;t bntn,¢ii 

pipes 24-te form ade~ir.ed.$pcl,l!kl.¢r ~~g, 
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fi!lMJ The ~prir$:Jer-(<,)c:S!lrillkJeqp~cl:ng C\ffi. b<;l ~l...: +li~t-by-si~ fi:~t (Q :f(. x /&.ft.); eightteet• 

by-eight fi:~t{l! ft. 1'V 8 ft.)~ tim foer-by-tenJ~ (JO ft. x l ~:J:q, iweniy foeJ:•by-twen!y :f11<0r(2D fr; x 2.Q 

ft- spacing) .and anr, ®mhiti.ailPllil tlre;,ooJlur range in beti.\'®n, .dependitrg 1.1pon the system.iry~!'.111llic. 

ooslgil: requitetll;ill.it~. 8a3Cd ~ thtl. Cdgt!l'lltiml Of the dfJ. portion 14; lhe-iwtwork i:if;sprlnklets 

.fl ,;w indndes at l~~tone hydr®Jiea! iy flm.lole or .hydr,iuli.aally most diil'iian<ling ~-piinldet: 21 miti at 

1~ltrt·o!)\')h:ydl<mlic;aHy dpsq oi' hydi:fil!H\:!l)!y'!ea~l dotl1$1ldlng ~prinkler23, i"''' t~;: leastttm~ 

l;pril1k!6\:, !$.)Jmi~.t(l the j;ii:\inary watei i;Qnt,ixil Y'alv~ ffisPplli'ari.ng the wet poithn\ 12 1~1' ttle dl'y 

pOr.lion 14. (k>i,Jet;il!y, a sn!t®~ sprinkl11r flir 11~e in a dey sprl1*1~r ~J.ll~ll! cpnflgui:ed proviqe1s 

suft'ki\ent V\\Jmne, C!'lflling·~ cQnlt'ol for ~\ldreslli!;lg 11-fire ~h /¥ 11uno:l»ld. a;i:d ~Q'.Wrl. etll.kit. More. 

10 s~Hlcat!y; the 1'1jlrinlde.i-s10 are p~rerably ~gutl!)'.lellifle applfoation storage .sprihkien> futvin)! 11 

K,filctor r~i.ngJl:oin about 11 w !ioout 36; b.owex>et all~v<:ly. fue ~rJ1;klers 20 can be 

eonfiZurei.i <ll!dzy:ptlJ.dan:t :iWill\:lern. M.ore ~eferal)ly~ the :iprluklers tl!t;rc 611.omlfn~l K·futml: of 

l 5 Alt'eroatively, tW: 11prluklers "2Q cafi ~·Of -any nonilmtl J;;:-f!IGtor p~e'-1<led t'hey are ins~Jted ~. 

confi;gufud h~ 11 systeni ti:i tjeih.i;i.r <1: flow·of lluid iIJ, acf;o@<tnce M-1ili the $yllte11:1 re!Juirements. Mme 

spooj~i:y, ~h~ mmnk.for ZP e1;1n.have.a non:llua! K·f<ictor of 11.2& 14.0; 16.S; 1\l.6; 22-4; 2;i.2;.2S.O; 

36 er ~at« pt:Q\lllk.>d that if the >1?1'itil4.lr has a nominal K-fucwr ~tel: t.1um2~, tile sprlnkle.i· · 

lneteases the t'low !ly 1 i\O jjeroent ioo.rements wfu:m compared '\vitli a nbiilinal 5.6 K4a~r Spt~in: 

20 M .required by NI:1' A· 13 ~tlon 6:23.3 \Vhirilr !~.spooffiool!y ineorppriitoo !i~n by reftrene..,,. 

Moi'eoyef, iliesprinkl~s2P crui. ~l.i~edir,i accordanc1:witli;800fi()UJ2.l,l3 o!'NF~A·!'.l which. 

is. ~~.liliki1.lly ID\lQl1101'ated he.~i'tl by refeJ'.\lni:e. P,rnfenibly, the £Bf.!I1.kl~s 4\l are .configured to Ix~ 

. !.\nl:l'mally ti:Jgge1-ed. a.t' 2:8.fF iw~~I' tlw :ll!lii~l\l~ oa~ he: ~petjtjed tQ. !iayin1 t~t\):ll)~. i:at,tng 

suitable for I.he glvwi.swrage,~plfoatioo iwlt1ding tempe.ratm·q:.ratings giwiter than 1S6~F. The 
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sprirtklct~20 c11n thµs be sp,eilifll!d wlthl11, tl}!l-e Qf.Wftl~i!t~ !'1ltillg$:and \i!asil)I}eaHe:n,~ E\i>. 

li$!M in Taj)le 6.15"1 ufNf~A~l~ ¥>11,i<lh fa·~'lcaliy jJ.icorpnr-di:ed herdµ b)• <Cl'-\>'1!llt;e. In 

iu!il!~ron; ~e 1;ptjri.~kn> ;iUpre~ly h;iyi:.:1;1n OP!<Ntin& tm1S..~~ g~ter ~ JS. psi, preibmh,1y 

<-angfog ~tn ab®t i 5 J1s1. iQ tibunt. 60 ~.,more preferably: mnging j\:Qm ahPuflS. psL w !lhQur45 . ' . ' . 

5 p~L, Jf'll!ll more Jlrefercli!ymnging from abaut20 psi.A<lllhtmt '.35 psi., !il1d ·y~t oven:.mwe preforiibly 

imtging'frtlill abl.Yut l:Z' psi: to about 30 _pi;i; 

!lll!J7J Pre.!~!}'; th,c liysµim ro is i;i,l!ifigured SQ·.J.IS tb ltic~ude a maXlmt11U ma;idilt91·y fuud 

~livecy delay .peri.tid ;mcy.a rnlni!l'liml lnWll\i;tocy fluid d'div~ delay Pllriod. Tbe mimtnun1 •m<t 

m~•n m1.ill<fatti1:y;t1:uiii df):Uv11ry delay per.i~ p11J1 \'1<;,Sel~'fr.oin a.rang~ of ;1ee11preblK<lela:1>: 

l ti pt;;cio~js iis,.de{!c;i.hed in great~ detail her.eh1 bl-lli:tw .. The m(l)i:imum mandat11~ .!hllil. delivery delay· 

peii.11d i!! "'he. p.erietl of !ime fo!lo.·win,tI thermai aciivation of the at .ieast cme .hydJ:auli;:l!l!y 1-eiilPie 

$ptitilderii to !he !l1t>metrt.:4t'd~ge from the at lei:lsH\ne liyi:lraulicru!y r<!mi.ltl.l 1Ptirikfor2l at 

$y!ltem operetl-fW pressure. 1:he nwi.lmum 1'iltmdatory. fluld aclivill:y delay perki;:l ts:prtifer<!b.ly · 

cotligmei.!. t<,}'~<%fi!1~ !l 11\n'gth of ti;ne follqvl1hg' the thetQial acuv.atlW:i. of the n11'1-'lt hydtai.dkiilly 

~tlfl"}i~lldfug 11\l! moot hydl'mJll<lfilty MI!Ote sprjnk!(,.1'. 21 JIJ,at toget\lt;;f fornnhe mal!.'i.n1U:TI.1 sprll)kler 

oper.ationa! ~;27.·~or ili.;i sys.tem JO effeµtive.:W ,~UlTQJ.lud ;mt;!. drown a ~'ire growt(\'7::1 a{! 

sclwmatlcaHy sbown. i'n FlG. t A. 

!lllllll I The !iiiiiimun1 mandatory iluitl dlilivety delay period. is the pe.riod,i;;f' time fuUowfoi 

20 thcl!l'lil.l. actl.valiun iu !he at least one by.draulfoaliy ofose sprinkler 23 tn the momentciiiisch!lr.&<l 

JTI.alidai'i,ity lluid de!ivet.r di;l.ay periQd is".i;»:efe~bly CQUHgwed to t\cfitl¢ a le.rigth qf lime fo.lfowlns 

tb.e thet.i~id .llqtlvll!lmi of j;lie i;no!lt hydt!}U:(ie!;i!ly cl® sj1rlakjer 23 lhutu!fowg thl'. t!Wnnnl dvaiiqr\ 

.of ei i<ui'ficii.,'llt f!lll!lber of si:>~klet$ ~um1wlding the mq;;t:hydmtilie!!lly d.ose sprlnk;ler iW te 
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t.t1~thCr.'for1n. ~il.elnin1~nuin sp11i.lkler·o~iimai <area 28 fur the ~}~111 rn ef!Jreetlve fo :suEffiilnd a11d 

dro<~n :a, :fiti:i. gro.wth 72 •. ~-rai,i!Y,; t.he:'U1ittjmlifu .Sptll\!!.:lure~tiotml ~:r. f-8, is de:flnl:ld liy a 

c.d~c11i ll\ln'ib<.."N.rf spri;,ik~·Jncl:uding;the. mt)llf hy<!ra\l'.lkaily ;;Jpi*J. sp1fuMer i;J:. '.loi; ~iik<ii 

m.imber of spri.tikJ~ll qim ~. definll-d ll'! !1J;:;.mtrrhnum nwn'1cr pf ,spiinkley,s thm.c;111: lnirntii;c!l W'*''f 

,5 illi9 lhe storage·ar.fl;i..70, Jm~fthe flre:g:i:o:wtb,yet J.lenl1i.t tbeflr¢ fo contlnue':to. gr.owfilld trigg,er an 

addilional number of sprlnklclt! 'IO fumr?the.'~i'ed spciril;.fo1" Pp&1.1iioi1a! ru:ea26 fur surrounding and 

dromlllig fhc fri gi;C\vth~ 

l;iydti1tili6\Uyori:Plq~e ;md,cfo~ sptinklel'ii 2l,.'l3 i·~peetlvdy, e~i,)h sptinkfoi· ~() di!ipQSi,'(i bet\\oeen 

IQ the.most by<lxaul:iw.tliy remrit:e.spclnkilll'21.and the most h)'ttrau!lc!lfly efore sprinkler 23 has:·a:.f.iuicl 

deli very !le:liiy ped~~.fa tb,e ranger be'twoon the mallimum ma111!11toiy f\11!d deri.:vei;y ~lay perlti!! and 

tb,e minimum maiidatnt)' .flliid dcliveiy dehly perlud, l'rov!ded:ihe. rn11xlm11m~d minimtmdluid 

-dellvety ·aehty period.a xeffi!ft respeoti¥elyitithe !naximum and. mirrhu(Un Sf}ri11klenJpetilfi.oliillJ W'e&s 

21, fts, 1he.fluid d('l!ivers.: deiicy: perllld$ of each s:priukier Pad.li'1!!tt'!! tlie fofinatirin 6f' 11 sprinkler 

l ~· opv4.'!iti9nitl M:e!! 26. t~·addi:eJ1S·11Tui:. growth.'72 \vilh a sttr1utijii:l. a;nd.dr,)\fih cont1g\ltatlrm.. 

rm uu The flµld <;!<:1!.i~J;id~y period of a ~nklt11· :w ts p~efe;-ahly a, fUl,tctJOJ1 o:fl;!le 

'JPJ:irikler dl~()e"e~·pipe l~gth fWoo. J:he primary V.'i!\t~ eolitl.'.;;il vli}>.•e Hr anti can ftlrtli~f be a 

il!nction 5.li' sy:@m v-0h1me (trl\pp,ed>alx}.anrllor p[pe size:. A!i.;;ruatively, the fluitl deliveryde!~y, 

perlci1 il)ay he a f\!11ctkntofa t'iui<l ~rul deVice. oonfigurildto. delay ihe d'l)!lwry .of ""filer ftonHlle 

20. ptiill.af3' wirter control valve i 6 to the thermally activated lf!Jrfokler20. 11ie numdirtorr fluid 

delivery de!ayperl.ocl .Qatl alS<~be a fuu~iion (\f se1•erahithet factol'S of the syst<.-"lll 'l i) foclu\liug, for 
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j(l ~µeh 'fuatlht moot h)'4tmi~lly l'i\n16te spthildtir ~:t c~perienc-OS tw :µl!l.>.1roim1 ~~uw fluid. 

de.fivefy <).<!>lay Peiltjd ai:id 'the lil<>st hy~l!illlcal:!y <ilesespri!ikler 2:$ .!!.'>Wien~ tbe m.i!i.frnum 

m~d11,t\J.cy fl:ukl deliV~y cl¢!11y pe)'\Q<l Al~r~dyi:ty, tl:ie piping l>:Wstem. tl) ~ lp,c!t~JlllJi other 

ii1.1id wntrol.4evi'ce·~ueh iis, fiJ( :e..1®.rrfik; ;m ®~'clerator m: accumi,ilatotirt ol:de~ that fu\? 1,1100~ 

5 hydr~uli~ally rtll'lote spri:nl!:ler 21 experlei.ices tile mmdmum mandat~1r,y fluid di.l!ivezy de-fay pe:rlod 

and the m<'>l>t h;idi;auliccliy cl.Ose sprinkler 2'.l ~perielices the tninimuin itiatldro:Oiy' ilurd d~Ji v~ 

dciny pet!Uii 

(Ull1] A!tematl:vely; to-<lo!lfi®W:ing,tpe J>f$tel.U 10 suc)l l;ililtthe, fti.lli,1: hyd:mnlw~lly tctallte. 

~rir\1'!i;r 'i.H ~1i!i1~\J.1e Xl:li~'!\in;µm m1tnd?1,tciry. fluiq deliveey 4elity pµri9ci',llll4 th<.1 m!)St. 

1 ll hydf.'<\uli£\il1y ·dose, ~ril!!der 23 .el(J]llliences Uie miri!mtmunim•ry J:1ui4 defo'¢l7 d'el,1'y ]'.lQXiQ\!i, tlie 

eystwn t\J':c<m he conl'!:~r\ld 11ucll tliat each spriu!\ler in the .-6}'1>'tem 10 expei.ienc~ 1'l flmi.l delivery. 

®lay ii-encdtbm fails bclvv~or\>~thhrthera11ge o:fdcla~definoo by th¢ ma..irnwn.ma:ndmory 

fiufd·delivery delay'j)eriod.an?l the minimum fluid. deli've..1' <lelatP<'lriotl. A'-l~:ordingly, !he ~yS!llln 

10 may thrm i.HMYJmum s,irrlnid~ 9p~tlonal qreli 27 $!11llller thlln ~'Xpect<.:l;i thM ~f iiioo!;pol'llting 

15 \he tooximlllll fJ;ti~ dcliveiy delay !l~ririd, . ~'llrtbermere, tile syste,h:i 1v may exp¢rience ii·l~~r 

)tllµiinum s.prin~k-r ope;rru:iphi;l atea 28 tha.li e~pected had th!Hnir!.!~um tlu.l\l i)elivezy det;zy ~'l'iQli: 

b~n empl<>s"'t 

[0112] Sh~rw:us~fw>iµii~k;a1!y'i11 FIOS. 2A~2C ure resp!'lctlvc plan, side !lJJd ov.erhead.·vfows ~if 

tlli:. S}'llteltl l 0 .fa;:tlW. strn.:ag~·ai;ea:70: ilhi.'ltra\i~·Vario!!S Jirotol'S that. C!lll :itnpa1.>1. fire Sl'.<tW!lJ 71.apd 

2() spri.likler ru::tivllii(m resp<.mlle. thermal il.Cti.vafmn of thl}.sprlnklers 2!J of thil:~'Ysl®i: Hl can be a 

fmietfon. ttf~verru :i"h~ including, fur ex~m.pic,,beatreroaSil from ¢.e fire growth, cciling h<~ight 

o.f'ili~ iit6rroge .area 70,, sprh'lk~er looatioil rel~ti.te to "thq cci14Jg, me olaSj:!ifkatkin, ilf tl:ie ~tnp:i-Odfty 

5:0 and tnl,F:h'to~ago hi:ight t)ftho.cqµm:ioa!ty 50. :More speoJ:fica)ly, ~iio~vn fa th~ dry pipe :J!ftrlnk)i;;;­

i)j>Stem 10 ffi5(f!lfod irt the,·~'ti)l,"<Jg<:t l!l'¢a 70 !l.S '1 ~jling•Ollly .dry pipe S~k!cr system SU-~~!dt'-0 
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i)l!low ;i.belli,nS" liavl~ a. ~mik lleight !Jf lfl, The oompg cab .be 9f any; cm#lawatk1n ii!cludi'ng: ~nt 

\Jl'j!: of~ a .fl\t{eeil.init, hori;p,~ruill peiljng, iililpj...:j celling: Qi' w.mbm11tiorui tb~of. 1}';1:l. ~ilill;g height 

i.~ pretl:in~bly dli!Iln~ b;y ·the (li$taiw.e ®t~111:ithe floor an.cl the ·ul)pe.@de orthe qe~flng ~boye \br· 

rn:of ~ec~) within: th1Ml~a tu"be prmeei'f.¥1, and ~.pt\i'\hraJjjy.defiiie:; tpe;in<i<-clrnum h~fght 

5. ool.\'l'een the.t1oot11ml the.l.lllderi.'ide oftlw Cll!!.liug .above (-0r roofd~>ek). Th~ fudividµal sprlrik!ets 

pim'enibiy .mckide a dil:t'lect\1t !t)cated ·t~ilhl tlitl' ceiling at it distatice s; f,;Ocared ill the~<iromge iltllll 10 

ls 11it stored cemmorlify coiifigured !IS aoco1mui;idizy !lfl'ay 50 .j,referal>ly ofa type C:whioh can 

inblu¢e &'l;Y ~no o't'NJ:'1'A"13®~d'Clt\Ss1, n, Ill or IV co:ronlo!.'!lties\ altertmtiv!l1y O;«>up A; 

G.'itaiq:dil, o.i'Gt;oupt'! p1Jll1ti{;s, e!astcnnJ:'!l'll, ·!l.J!d fob1ie!~, orfut'iher in the. cilrerriative irnttypeof 

1U :cotnmodliy capa'bJe olbayln2 its s.oinb~'tiini WJ:mvior !:lwamerized,, The·arrey so ~ l-W 

i:lwqct~r;l:r~ hy-0ne:m nmr!: of the parrun¢ters p.mYided and defined htSllc!fo.n.3$J ofNFPA.;J;:i 

whlc!1 !$ speycifically lticlrr,ponmld herein by te:ftirence,. The amt}'SO:.coo be.lll.omd to 11 storage 

helghl 112 t\) defiil.e· ll' celling C:h.iarim¢<. L 'l11e stdtitg<i height p1tfornbly <le.ffoe.> ihi.l o'.laxitl'.lum. 

tie!~t ofihil storage. The lrttlrage heighHjm'! hi) alrer.natlve!y deflrred to approprfu~e!y cllaractedze. 

15 $e .storage config)ll'all<i1>. Pief~ly the ~orage.beig11tll2 fa.nvooty fOOt ofgreahir. In additfon; fu1;1 

('(itm:d a;riay5o · preferably de~. a muJ~i;.tow ~ sfet;igt:Mlf.l'IIhgement; it\\'>~ p;Werahly it doql:il!i>' 

1;9w rac~ ~e 11rrangetnellt but ofuet l!Wrllgll oonfigt\rnt!i:ws !)te pt)Ssihle su~h as, for e.wnple, 0.11 

t1!>91', !".<11.lk'l!rithout oolidiheives, palletl:r.ed, binbo::s:. shelf; ur sJnguHow tack, 'n1e1:1t1>ta.g~ area cm1 

.also inc!u:de11ildiikmitl·St(}tllge (lf1M Silnir:l 01'. 'diff~nt ooUl!1lOility !:l)lilccd . .atan aisfo V>Wh rf'uf the 

2U sartie <if diffete£if confi~uratian 

tllll31 To·iden1ify the mini:rnil:m,ll!1d maxlim.miJ1uid :delivery d0liry penL'i\fa .!hr. 

bi~6n Into the._sy~tem Wand tl1¢:!1,Yailahl~miig¢~ in'l;!ehv~eb, gredfativ¢ $piink)<ir ootivat}im 

respon~'e pri,tfili!ii C.afi 1).e llti!iZed for <I particular sprhj~Ji:\ti S)'S~, COj1l!ll{((]ity, l;i{rragehcig(it; and. 

!!tQl'l,l)l;e aooa ce,iting hc;ig)~ti ~>r....fe;at;ly, the pi'edil,ilvt•sprl:akler a~fiva:t\on.response prnii.!.e .for a.tlry 
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ii."e'grny,'tllµ... 1~ these prQt\!~ a.~m oper;tt()r 'Qr sp,rlnkfe.r 4,~ q11n ~ici ill" 

·~ apprmdm.a~ hi:iwfongit tik~s w f.Qtrrr the mwdm!mr..Jmd n1ininmm !:)prililiter ,o~o.nal areas ti,. 

zg d~ribed iibo.ve fo!fowmg'a Jii:st Sfl!lnkler activa1fo1Ffnr ~'Urrtil!l:!l.ling and di·ch.¥!lit\i; ·a fl re event. 

S'p<:ci'iyi11g,(hedesit~d maximum ahd mliil1num Iiptinklcr 1Yperating areas 27, 28 m1ci. the 

?ll!ll(lmlJl11. ~14 tl'!inimum flµld il©fivezy delay pwfGd;i,. !n ord1irw ii.k'lliify th<tm~l\iim~n1 l)i1ld 

ddlvery ~lay p;irlod, a desi~l'l!ilf (l! \Jtll¢nlSer ~llll. boll. ro :ihe pnxllttivec~Jirlnkil!J' activation Pf<'lfilt'. 

w kleiltify the tiRie !up.Se· between t!W,firn sprhiklct l.lctivation to.the mcimehti:lre-number of 
' 

spi:ink~ts funnl:;lg tl1especlf'll;id.mw1.iin\IID $in.kl~ operafi00;al ;1r¢a2711ni thenµa!ly'a()ti;v~. 

l $ Simi.W!y; ro id¢1tlify ttie ¢lflilnmn fl.Iii~ ~!iyezy dcllly j:lerl!'.id, .a ~sf gner d• otJ1m· USfir can l&Xik to 

tl1e predfurlve sprinkl~ 1ik1thlatio!l profile to jf.\eiifil}'lhe i1me }apse pehyeen the fmit ~i~dril>Jcr 

petci(lds decf111e. 11 tanj~iH>f ffoitl· deli'wry delay·perlotl& whi6h. can. lJe in~erplirail.."<l info th~ syi>t10m l 0 

ZQ to fim.n at 1~ m'!« iSpi:ii1k!er cperrufonal area 26 in the s;Y1iem lo, 

!11l15j The above tleifcrihed dry sprinkler system ~10 is coirfi~utlld tt) form sprinkler 

opi,'ri)ti6!:ial 1,1reas 26.foi' ov.erwheimiug aud subd1li~1g tli:e:growt~ll in il:te p,ihtection of stot~e 

occ1ipi!n,cl~. 'fjle l.iivenw:rn ha:</¢ tllJ!Ci.wer~lthat by: ~ng .. a m~1d.itttm' fluid 4eliv;;:n· delay p!i'tiod 

in a di)· spti~ltr s:f$tem, a sprm~~'l' operatii>na.l iu:e.a can ll~ :<;otlfigured. tq respo.rid to a. fire 'ilt'ifu..~ 
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pr~dlcted, or doslgnec! time p.er.ipd.d,uil11g ~vhjql1. the.sy~tem delay~ th~ .d,eliv¢<'Y\lfW?l:er .m. other fire- · 

fighttng:tluidtQ ;my activated &pnnkfor. 'Ihe .. manclatnry Hwcldj:J'livery delay period for·a:dry 

sprinklei· sy:steJn to1lfjgJ1red wi.th a sp.d.nklet opexatfo!.1al:.ar.ea fa distlnct from· theim1ximun1. water· . . 

Generating Predktiv.e Heat Release·.and Sprinklei· Activation .. P.rofile;i 

[Ull6J 

plptted. Th1: tfowdi.art ()fFKt lahows a preferred process solorgenerntlng the.predictive profiles 

of heaheleases and spl'.ink!er adi'vatl.Qus used ill <leterm.ining fii.IJ4 delivery delay periods atid 1i!(l 4 

shows the Ji.hrstmilve predictive heat rdease and sprliik!er activation profile400. Developing; the 

prctl!ctive profiles irtchides ti10Llelirtg tlrt~ comtbodity to be· protected in a sil:tmlatcd .fire scenario 

benei!th a si:Jriri\dir :;:.v$tcin. Tti mode! the fite scenm'.ii;i, atleilst three physkal aspectfi1Hhe sy~cm 

to be. mQqel are consi\l!(rcd: (G. the geometrk ~r<mgell}l)J1t Qf(he scem.i.tj!) hehxg. nwdele~I; (ii} the. 

l\lel·i;ham!lterfaiii;$ ot'the cq1:i:ibll!ltib!e materiiiils.fa:volved i.n. the ·scemmo;. !lnd (iii).S'[l'finkler 

2() chµmeteristfos·pftlie.·1>~rh11:1et system prnt<'lliifog ine·c-0111111odity. 'J1i;e model is rrefornbly. 

developed. e(1mputational!y andthercfoi·e to translate the stt~rage sp1we. lrom the physical domai!J.. 

fOH7j . Cbmpti.tatfou· n1titlell11g is ptefetably perfoitnedllsfag FD&, rui describcd ·above, 

which tiih pfedict: hcftttclease.from a fire growth and farther predict sprinkler ilctivati<?n tilne. N.lST 
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Jiublie?tiJ.li:tS ·i"~· cm:i.m'.JtlY'~v11i1i\l:i~e. W'lJ.kh ,de!il}tjji,¢. tbi'1 fil®fi().t:1tl! ,cap!!biliti~<i i\l1d :iXlwu~cmeir1$Jbr · 

mo~li:lli,ig:f'lfc,scclii\ri~ ·i.Q.!".1.).$, T!ies~1~t!hficiiit~~n11:itic!)ide" ~l;~T. Sj)e,c41 Pi~pli@!fti<!n nu !l;.flf~ 
li,.immriit;.:; fii~atar{V£1:.~ig~ 4) J/~er. 'S \!#ii.dtf {Wfu1\.10P6} ll!ld NIST f]pec.fal .. Pultlie®Oll: J.tll 8:: l;.ir.e 

~1i<1¥$.~~ (Jl,iu:~l<m 4) 1~im.fcfllR.r;jerttn1:.~.(}y,fl.k {~w,· 2ll0fi) .eaq~ 9:11 \'llh1this 

.5 lncm-p~~riliits 'eutire~y.by reference, Alfom&tivcly, aJ.ly other fire mod~Jfog llirodl11t-01\can.be 

tt!ll.ld ,50 long:~i:'the.slrtiulator t:un ptedibUpfi.rilder activ'll.tfo1'!. or detectfoh. 

[UH$} As i;; cte~rlbl!li, iq lb~ .FlJS Tedhtiii:;il .R!i.t~c Gu~', f~DS i,jl 11 (,'i:>jnp$t£qfuil 

Fluid. ~ios (C'.f'D) model of flte-dri'l':l.'lf'tlUt~il"w, rtre ~t)~el'S~lye$Ull!llj':i'ica!fy a fom~ i)f t})r£ 

l"J).1\4!)1·,.,<sro~S,·cg:ui!igp~'.r\,;ir l(),y•sifi;e<f. theriiiliJ\Y:P.riveirtli.iW witn ~u Ci11fiha)lis on sii'ixl~ ~ herit.. 

J 0 k411sporhltl.rin ~r9m fir ell. '!111:;.p!ll'tii\l \l~r.~vati ve~'ofthe c(lQS(lrv:thki.1:i ofi!.1ass eiruatiollS .of rmi:is, . 

. tJ!.Onltl!1~1n,,.!lJ:1d ~~ ar~. li.1W,t<l)lin1~fa(I liuite difl\m..'ll<:t'\$, aotl the solutl.\)ll iS \IP\klte~ m ti~I": $;'t 

a tli~ilneml~rud;.recimniiargrid. Acoordin~Y.; Jnciooed amotl!: tbc'foj:mt ~ametersrequitliil.by 

H)Sis mforimrtloh'aotiut the numt:rlcafgrid, TheJ1ui:11e .. t!ca! gtldis olli:ot more ~~1llriearn'les11.es 

·to ~11lch ru) .g\)ilni!)trk foat\ll'lls. Wi\ls1; ct1tlform; .fy.16re<,>'lief:~ tl:)e 00l!l;puti1tfoi14! donk~ilt i!f pN::fi;:r';ibiy· 

J. $ !J!:<ite re.tined in the lil"t!1ll yYithifl tbe fol$!;iti<'>;i' ;yP,e~e !mmifl.g i~ ~'!ll(Jlimrtg. OJftsld<HJf tbN regi:im.,..i!l 

l:irel.-¢ \\'~ ~e ~mpnUiji-On is liriri~ m :pri;di~ Ue<i1'al:!d mas~ •t1:;;< tl;re &;'.id;eati be fo;;S 

retmed. nei:iei:ally, the ~~m~tli;,nai gnd ~hou!i;i lfe sufikie4ily w.,~tjh1ed fu .allow at 1~<.'(lle; o.r 

·mqre pr~(erallly.lv,\1 m: tlu'<,le {;Ofl'!p1e~:c1111iput~Jfom1J eh.lm.enis:·.w'itlifo ti).~. fo1,1gltµi:\hwL\l\1d 

ttimsvel.'S\'J,ib.w s11aoos bet'Wee.;1, tlie.111oi.hiled l."01'.l'llnoditfos. Th;; .size o'.f thi;\:hidit~()ua:l. eiem<-'llls· ()f Ure 

2~ mes~ g.-1'1 !Olin oo miifoi~ hUowewr prcl~bly, t!W fudiViduai -efetnentlf~re .Orthogorutl clelilen.~ ~;ru 

th@ !l!rgeM; sld.e~bi.;-(tihg adiniimsi()n:i.lfb;itwOOp, 10'0, and 150 m1!lin1etera;, ah~hiil, aspectmtio of less 

~t\1105. 

[1i l l:!ll lll u11(~~!i>'tl:!l~p 82 of.the Pf 00.ii:fiv~ rti~idi;}lbiS Jl;lethPq,. t1w c¢ttinodily 'is prefe~M1ly 

mqi'Je!!Oifl i11 it,'l 'ii!l~e ~•iWtio11fo. ~i:iilitt fu~:tne ge{?m~~.anl;Sem~ parametc,"l! Q f~~. 
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ch.aracterisHcs sI1ch 11s sprinkfor type., sprinkler focatiou·'ai1d spacing, total n\m1be1' ofsptitik!effi, and 

tnQ\1t1fin~<listimc1.l from the ceiling. Jbe·fot~!· J?4Ysfoal sizeofthe computafamal doi11ain ls 

the si~clakd cdfa;g; net)efally, exter1or wallz:cati:~!l jll{dilded f,h.'111'), \11¢;;im.ulatkin sw::h,that#.1e .. 

results applyfo an unllmiiei.h:ofom:e,. ho'.VS>Yer:it'tlie geometry under st~14y 'la· limited to.!\ 

comi:mrat!Vdy smail volwbe.\ 1'hen the wails: are prefembt}· induded. Thermal pmpertfos'of foe 

·20 'Sprinklili' are also prefotab.iy ilieluded such as;. fo1' exmnple; fui.1diol1al response tliiie index (RTI) 

mid activation teinf)erat\l)t<. fyfo!'.,o prefonthly, the R'rT for fh¢ lhernia:l elejlieJit ·of the modeled 
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~pacing for a tol1\l'~f'lf4 SJ?ri~r,!1, Th~;;1'!in!clef&, \~i'e,m~IC\l. \'i'lW an {!Cth'ation tern~, Qf 

Z8(i'lf wf(f,. iw. RT! o;f3QO (ll:-soo }~: · :rhe ;Sprinldt.'l'. grjdin tile FQS Stµdy was ilil!P~ attw~i 

di:ffmmt he'l~tits from 1W; ~fing; l'Q inl~ an,cl 4 i.nchi;:;. 

gUIQ!eriU~ eo'tal>lish<Xi 1h.~v1.fgb ~·mass of the ~otoo1odit~\ or ~i:miilly'fuin, Le, ,a m1tl'orm 

t'lCm~rarute is cst!tbllsheri tl:rrougtrtb<ntn:ws -0f1he>oomniOdit:y, Fol' e:i:ample. in the clise of 

~w:dhoard ho!l:es, tyjlfoalofwareho~s; tile :Wttloftlie tai:db'11trd box ci111.be ass'ume.dti'i have a 

tii'rlfoi'm te~we through ns ~ jiectioo, L<t tl~ thitJ, . Fucl pat~~, bh&~twjng 

lS Uremml!y ~liin,,;;olid, Cla.~s A.fuels SJ;cb:ai; i'be i;tand'ard qa.~lJ, Glass !TI a!l4 Grmip.A ilJiis.~, 

n~l'l!bly hll!lui;lc:'{i) hi,Jat,rcl~ase per :unit lirc1>; (ji) sp~~~c \lr:.f\t; (ijl) deMity; (iv) ihfobress,; · an<l 

(v). igr;.tt!on ien;iperntµre. The h¢at ~lease pet: unif ww p;i.rame~r pemiits !he . .speci:flc d:et1t!is qf tl19 

infol'l)l!i ;~ire of the fu,cl tQ be 'ignored and the total voimne·ofthe. fuel. to be treate4 as a 

lmlno&eM<~us 'm€l~ifwlth a .known. enetw dutpnt based uj)Qii tl:ie percentage of fuel surfiloo area 

20 jiredkted to :b!.l buri1fog. Sjlf;ClficJleatis clcl111ed l\s' the atticilt11t tff.iieiit;i;equirtid to rel~ the. 

kW!p~'!Oa!ure O'fonc umt mass tifthe ftiel by ·one1ll!it ofteniperai'(ite- Density ls the mtt~S p¢!' utiit 
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addj!jQm\l 11r-al:U,.'ln!J:lfve paranwmrs m;;iy Ii\! ~eqJ.t)red, t®,tlltiy~)vQ; oi;.addit!pnal pgi:mnetl)n can 

include ihenlliil.:ixtDJiiml1:vhy 'Whfcli. C!lti m:easure tile ability -0f a m11t<1rkil tQ· oonduli! liea'l Othct· 

~~·ma)ibe .• ed-Oep.endinJ?ipn!Ue ·speciflt:ftiel inm·is beil~ cnllrtlctetli®. !1<ir ~illll)'lle, 

5 !i~d ·fu:els ~m be treatedln a-very <lifflirertl: manner than solid fuefo,.·a.n:d 11s a te.%ilt the 

1'~~'.S· ru:e dl~rit Otf!~iparl.'ttµ~ \\ihkh n~y bl! $p¢lflcr fol' ~l) foels or ~I 

eoll,ilymmiQ!is. l!iclu~: (i) ~vity., whi9h ls. ~· ~ci (;f~ mdwtion 1:#J.itl:ed I'll' a ~.u.i:fucc ui th!? 

~~.tl!ionemltt~d by a hlaekbcily a:t fue .l!llmll. t~mperai:w;e J,md .. (ii) .htiat .Qf yaporl;>;~tfou whii;:h .·~ . 

,l;m:iwd as. fl.le ~i:mnt 9f' 4eai.~uired fO con~t a,uclt mass of a. uquld ai. itll·Jwii1ng p<1illtfoto 

to v11pt.ir wilhout:an fucn:asc iti fon1perature. Any :one .of: the a'!:i<'~'e pii.tmnet~rirn;ay. n6t be fmed 

vahtiis<: hut l~d -rnay ·v.m:y i:fopertding \)n·tilnl!, nn)thcr-extemaLinflve.n.ce soc:h''!lll heat Ht1iH:« 

remxierawre. Vor th-Ose cooes, the file[ pru-mn.eter elm be desm'i~ed hi a 1tlmlne.r ci)mpafrbii.i with the 

kQ.riwn va~ion cl'1he prqp~rty, sUcli as i,ti a 1.ahulat .tb.rrilai or by fitting a (\ypitiajiy,}.Hi1ei.11; 

15 f~Ht5) 

wlth the details ci.f tile pallet allrl physical ;;aQl\:s omitted; Hxei.>1plar;i oombusi.ion j.lf.!N!l)'Jlil!m'!ij based. 

on ~mmedfty.ol!ll!i!, tl!e stm1rn!!fl~d.(n,tl.ie Cmnl:ulil!:ion::t>amm<!lfor .TabJe. be!tiw. 

Cll!lll!l.I! 0-""'.Ul Groull A Pla!l1il: 
He.at R~e ""'rU!!lt ~ """""'lll 11()..~-Sll. .f&Vi90 '500' 
,.m.c.lfl~ ~~ · .. hlcl:h~ Im} 1. 0.$ 1 

'"i'lit!M" pemtum ro) SW ;sro 370 

i!i:~.beitt r~lease mid. resulting ~ eff~s i®lu~·one or me:ire spr.fokler acifrations ·for each unit tif 

lime .IL.'1 pr1Y1"1tfod.1n mps S~, 90. '"~;:sptitlklet actl'>~®& m11:y be sh1uita11ooits iii! sequential. It Is 
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to ~ ful'(h~1111ders\~d. ~t tl1g, iteai; rel~ ~'l'llMtlons a~rie a:!l'lve! (lf fire .gro:\vt!iJh~u~ tl,1¢ 

tiii1r.eil co111nwdlty. It is ~r uQdenitAQd-the mqdcle.d sp,rirlk!el'$. iue thprn1ally ~trvM;;4.in 

W'sptinse to·the heat release;profile. Therdfu'e~ fmagiven. fire ·gi:owlh thereio: izll(lrte~pending• 

:fulllilier '(tf~1111fni6eni thiltm':Hhetmiiliy Mtivatctl or 01ier;;. Again; the simtilailo11 pre~lypi-ovld~ 

5 that Upon. ~prinkl~ a~tiv.mj(in ti!l. w.ater '.il! delivei'ii>L Mooouug tile spt11il).iw,>~ wtt11oµt tlii.1 di$h~gc. 

time-lla,.,,;;:d ~illtlve hl'1a~ relli)aSll:a!1d sprin.khrractiyatioll:proilles 40ll in steps.l:I&, 90 a~ .~n, for 

~npfo, .. Jn. FIG. 4 .. Altllril1.dive);' :Qr fo addltfon to lll.e· heatreleiise amt sp.1i1:lkler'lltiivi<tfon ',PI1:>fll~. tr 

J ii Mh~at!c pk1t. i>f<ilre'B}!rinkk1' ac:tlvai1ons catl bC'gei:iflitllteii sh.0Wing'locmio11s• i:;f <ictivate-J •sprihk!era 

wleil$l: pmfif;;: 4'l2 :sh~)'P'! t:~e.J1ll'M'Jmi of ant~$d heat i.cl~ Jn the s~mage.arw ?ff oyt;r. time, . . 
im:a.~uxe~ frrkl!m'lfttts (.KW); ft<lll'.l t~ st.ornil !X!n.imoohy in a m®ell!d l1rc sce11atio, Tl~ l1eat. 

t'\'lle~ nrofile pt.trvlde~.v. il1a:ra1;1t~:<.aticn of a fire~ growth u!l k !~urns thri:mgh the ®ml!lodity imd '- . . ., . 

t::lill be me~u in other ullit&\Jf we~ SlJ~ as~ for. ex¢npi6, ·British '.flier1nl;d Uiiits (B11fs). Th1l:f 

frre:mode\jll'el~!y: cful:r.ac~..es '!\ ~re SJ'.O>ilth. butnjnJt t]1i'µqgh thb ~P.ttlril(itlify ~in fa th¢'s(9~g~ 

zo <ire!i 70 by S!)hiing fotttre chruig<) '.in.ililti:cipli1fild Qf,cftJcul~~d hedt rel~.0ver tiitie, .Predfotive 

~p;;.'9ifii$.(~.J:\l~im11m.~tinkler-0p\m\1.ippltl area17; A-.speeffit>d1n1\Idnmr),l $prixiklfil' oper.ati~mal are" 

27 Ql!1l, for#xample.'..!:ielilpetjfi;e\fw ~.lJ,boitt ztr(ln ~xwefeet; wlublti&.tl\c tiqulycli,'lrl: to twenty 

(2(1) ~pmlikler 11\jiwitions,~ upon:.1.1.W!bby,.r~i foot ~et·spad.ng • .Specifying the ma:i:irmim . . . 
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Wt~n)tlei' l}pef4to!icl ~a ?.7 i~\.lbi!ett~ in sroa\er 4etilil ber~.belcW, Sj1l'inkl~t Witiyatiqn iJrofil.~ 

itOli'~ll:lw:>. fi.ie ~"{ii.l1µiil, :tli!id dlij;ivecy delay Pf,liiqp )~!~ TI~ zerQ,.~,,, ili Jlli~~rebJ}f d,efi.ue by Qu.i 

rtml'r!~llt ef lnj1i.µ;spri.r1~ler SJ::tiJllitl¢Prlln<:ip~erafilj; \lle,·ma.>i:)1qi1llf. tlul.d ~i:l'~Y AA1ay p<mOO: 

M,.#,,is i:ru:~ure~,{;9m.thriezero t., f~ th~.tn(lJtrentat·\~hl¢li©iglii.y percent(1{0%) ()ft:h,~user 

5 specified mm<ltn!lll>spnnlder ~per:lll.io1ml ar<!a 21 is aetivaie4; ."-'> se.en in F'.ltl . 4, li:rtl1fo ex<lmule, 

e~hty ll!:lrocnt otmaximum .spririklei' opemtfonal w.x 27 oWW".s at the p<ilnt ot' ~'ixtoon (1 O:~ spnnlde. 

aodvi.ioonil, M~~i!re4 frq.iJ,1 time 1.er.h 10, ,Pe iiilllcooufu·froid de.1~vezy delay perk.xi l,\t,w is abbW 

'11.Ul be df'fi:n® !lit!\:~ momentnf'10WAi tt<ll'l:llai acli''l<atil!ll. vfth!l specified maximum sprlilkter 

opemtk}nru Nea 21. 

f0~.'28! 'ihe:pt~dk~>i.l spti.\ikleraepwruton 400 al~IY i,iefinesthe pi.lint:et wbieli a n1folnmm 

d\:iiued by aµii'1inJUf,11 i\litial .spri!ikler QperatiQ!) area,. ~t aqdresscs afire vvi~ a wati;r 9X liq'l\4 

discharge to ~11b:ieh thll firin::i)numres tQ 1:\fOW hi re~® ,~uchJhat !ll< &ddiiionttl nmnber •of 

::ro sprinklers artdhe.t'.hU!l!y actl:«'.!lted tofonn:,a·,ooin~Jete. spiin:kfar ;:,perationiilatei\ 26 fura.su.rround 

and. dnli-vn Ci;inf!!,411riitfon. To irttrocyu{:e ·w!ltii!t Jnto the,!llotilg.e area prior t(;th~ R\m:1atfoii of the .. 
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Eru· ¢x.anipJe, li.:fu\re ti;w~,gbt 'to tile ;sprijlkjet SJ: St~ is les~ tll;ID thirty ieet~Jh\: crit~ Ju1in~i;r' <tf 

sp;inkl~ !WtiYi!~i(l.llh!J~-#ul: t;yO, fo:fql,!f (7·4) spiinkl~. Jn ilt"!f~g().ro.:;.%1$ \\Ihm the. <iw'fn~lei· 

~bout fhunpHnkleJ\l- MeW>'Ur\l~l Jhi!ll thc first predict<\<l sprh:ikter i1ciivati~n at time zerO;t~;tiun!m~ 

5 !1.1 px¢dkte.d iiiticiil. ~prinki~r Mt:ivaifo~,-Le, two to four spr1nk1L>r at.tlvatiOM·preferabl)t ~eftne;;.tbe 

mfriinmtti mandi!m~ t'ltlfd dcli:vet;r'1.elay'pe.rio.d. i'!.1 111~~ hi the exampfo ofHKi: 4,.the xnin:1mun1 

sprin!det tljleratfona! m'ea is-tleflraid 'byibut•sprill.l{Y:l:!ll:ti:Yatf{f\* W!rl¢\l,1s ~h9>Vll as hej.ng~ctM 

w o;;et.T f\)lJQ\vi)jg a miulmlhri fluiq deliyery d~(IY pe!'iod at 1ii1ti O:f li!bbttt tW6 w ~ s~u\i!!'. 

10· pm-io&fi.->f. a glven-sy!!ten1 llfCltll be~fel.lredfrom a ~e Gf$o~ptablef:luidiieli"very delay 

~oils. .More l\peCUtCaUy, ~el~mi <ifa mi1ilinurn M.da maximumifoid delivery µerli:ldcfor 

iii:;;~tpor.itfott into a ph;tllillai l.)'stem 1-0 can be such that the mltl!ii:mm .and muximm'l'i fuiid . .kitve.ry 

de by pemlrls fut! imii.cle iheninge o{~be Ah.i# ai'ld 111 ;~ .deterniined from tl'ie predicti:Ve s.prihkler 

acti¥ation profiies. Accol'dilJ!ihr; in ,,;i.lcl1 « gy~il'l; the µ,1\'l!:iJhuin water 'tefoy, l,leirlg k>ss than 1~t,r1a~. 
' ' . ' ' ' 

underth~ predictive sprhlkler act:l,.,aHon profile; woulcl' ~e.~lt fo, a minimum sjJrinkfor o~r•nru 

ffl'e~ gml'Wt lhan the miltlmum ae!.:~k $p):iiiidet operlliim1al'~ u11det the ~redietiV<i sprinkle< 

:t'll ii,e1ivation'])refik. 
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~IX 2i_i> '~ ;SJ.l~1fu> $_gqi~ss tb¢,iesi nte ill :a.$!~ and il(Q,)'.Vrt C-O\){$gu~ti(l~. l'he&'.e ~(!): Y,'Dr.e 

ca11dq1l1:e4 for: va)'iQµs t;111mnoditi~s. s.torn,gti ~QJ:l)'l~!ll'Alii:m& !'llld swxag¢.'.h~'ights. fa w,!Mioµ, ~ 

\ems \~le~i: oondi.wte.4 lbr :spi1n!d!lr sysl:\lm!! fuiltall:ed. b~~J.'\th c.el!inif.ii eyer .a .rl!J),!!,ll <)l";;eifulg heig)l'li;. 

!1113lJ Agiil,iJJtef1,0tri'!.g to P:IG'S. ::!A, 2:P.''AAd 2C, !lh.Pxetn:p!ary test plant af ~ :it6red 

s uon1ll'rodity mi.d dry l(prfokJer system.can he 00l.1am:teted a11 sehemath::ally sho'Wn. .Simulating a 

Jll,{Jrage p.rea 70 ns:prll'lllt)l1sly ~sc1·ibed., the mtplai,1finl\)~~s.a t,lr;Y pipe 1>P•Jru::ler s:J.i~ttflr.H! 

ins!Wletl as a cellfug-()illy iify pipe spilnkler $y• lijlppoi'.fed J~n\-liic¢ilfog at .11,. !l~ght'i;ift:!1,. Thf:. 

!1)'$rern l 0 is p;i!f ~bJy t~striicted Vvifu a net:1>111.rk·~fsprli~J¢r'~<!dS 11 designed 011a .g'4d.spa•fr;g; 

""a~ t(> ~liver 11 sp11ci1fod nomit11.1l di~,:harge:.de;:iliity D·~·a nmnimil di~chru·g;,i pmqu~ J>, 'I'be 

111 imfrv.idulll sprin!;:lers20p!<.1fQrabfy 1t1Cfude a <llllki:itor loo<lt~d from the ooiii~g·aij a dl.sl.alllle.S. 

!,P!ll!tet1 Jn 1he exe.mplary ,plJmi lil-a sre~d e-0nnnotlity iltilll :Sn 1>fa ~1'¢ C >'lliiclr oan incfod~ any 

tlhe trf:Nl«PA..t~ defined (~fasg I, H, 'fir Hr oominodliioo or ilitl.'ollirtrv~ly Gtot1p:A; Group B,.\Yt Gro.iJp 

C piastk~, ~la.Stl!i:lJ:{lnl, aird 1tib'.be.i'i>. The ·~rra:; 5ff ~· ~e toored 10 a ~t01:!\ge hclgh!· HJ ro rlelfoeit 

.~tj!h\g G!~.mii<!J~ •. l:'t,efurahly,. lh~ stqred ai:ray 50 defo1es a i:nuliJ..rO",>j ~k stnrnge til1'1!ll~llent; 

.! 5 UlOre'fll1:>t~/.lbJy a dOllbJ.i,S.rP;y ~ge <i):f!ltl.g¢1:rimfbtJt lithet Storage C{lilggural'iQru! are µp~i~t~ .. 

Also inelu<l~;sfji; at l~~t QU0 ~~t array ;J2 of the oo:i:ncar ofh~r stqrqi oommod.ity ~Pi\Cii:~ ~l:)out w1 

~ja,~ent.tile <UT!lY ~0 at a\1Ut'lie dista~ce Jf As seyen~r"1.$Veci:l.1ci.~lloy in H!O. '.;C, ille $Wrcd iln'.ay 

56 is stml;:d «benealt\ ihesprinki<i_~ sy1w;m 10 ptci't.Tabl:.y hen~ ftmr- sptinlders.40: ih an off-a;;>t 

t-On!igUtatirfu. 

20 !IH3lJ I'.redict!V:alleat relta!ii <ind sp£i11kl~ octl'lliltl.011 Vro'liies,l.lim be g<{\(1eruWt1 fi)r the te!l!; 

planttc idel~tify li:j.in~nttim; &1<1 .maxii1ii.t1:Ttt1~d (!elitery iliila¥,.Pe.f\~s !i\ld the. ranh~ in f)1?t1n1."ti1i !'<it 

ih!l~il:Q1JO ariQ ifill giy~.~ttimgl;,<1\lCUpa11cy·and s)or~a qp~Ql.!ity corifigtir<\tio)}S. A aingktlriid 

defiyery del1,1y.p~t.'4:Ax ca~~ s~l~t~ for't!!sting ~1 eyaitmU: whe,th<w ir;i;orpe.r~thit~ tlw ~cilectllil 
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Ul~ lll:St fite d.'fe1;:§\~e t() O'\lel1'4lelm l;tl\l:~aei.J.<:i lhe te~ fl~ iJH~.si;ir.ro~ ,~~ iin>.wa C\mfigl!l'.lilio:n. · 

(tl,l.~31 TI1e·:l'lre tej,,'t,canJ:i~..i,niti.aieiJJw ll:lligWtfon: lll lhi!'~~ arr.ay lid aa.d rer1nitted to t\lfl. 

fnr .a i#<>tperiod~T O\lrl~g ~ test ~1$i T th\:! .m:r-ay. S'P l;l1rns;i~ t])oo:nally OO:tiVJM one. \:lt~otc. 

sprinklers 12 •. Ftui1t tl<,\ltVel'):1 to. ill:l)''Of the: acnvated :Spf.uiklers :'litdi!ilayt.<d fotthe. sekcted that! · 

aeli\>ery de!ay.~d At m perrnit tlle t~.r., lo f.mm.'imttihenrtall y *'tivarc .a ntmil:i\'lf of tij'.irinkler~, If 

th¢ te~'t resul,ts.iit~b:e:i;tfc~:;sfol. Slfrrq1j!ld·l!lld di<}V.1\ of The fite,tf.re:i'<.ls)lltlng ~'tpt)i.ciiv• 

1!) Zo can l!<i ~-Otmt(l'jl Md compacy:d,i.o the nu1.oher ~1)' aprinkliits,p:redkl<id:to he. ai.;ti vliied at fomi Al 

from tb:<i rmed\ct:i'Ve$J)liin,k:ler ·~lCtiYatiMJltofile. Provided hefow fa a<lisc:usili'on :<rfel~ht ""'i 
sc¢natfo& ·ustd to illtlirttate the cfi%i. of :lhe fluid delive11' delay ttreffectively form a sptmkfor 

1ipelilitk!iial.arei:Z6. for. ru:ldressirig a:fife with.a sutr1mndand &:oi~'ti t<>nftguratio11. Details ofthe 

15; Hviilu\tj:j!)~ offlcy"t~pe. SpriilklE,it ~l.ii fur P;ro[i>Ctfoo -0f Cliil!s ll, J1TM<J Groµp.AJ;'i!lStic 

~Q!lln).Qditle:0Usi11g K~lti.8 Sp~~:'[';(ll;bnic!!I R.<.'PQnUn4~ ~rar<;ries Jru:. Projoo 

OONJi;:QS!l'l4,J~~9.'(l for:'l'yoo Fire,~ B1iiW:in~Pl:P4ncts 06-0\"t-2®,h/; whitJh·i~in(lO!fK?!'l'f~her~ln 

EXAM:rtJil! 

,A sp,a~~~ '.!'.() foriilo pmtiw.~un .. ofC~ n SM>t~~CO\nl'.OOdityw!lS 
oi=t-'t'\Wted aff a·te~t piantand.111oil§Jled, 'to::generate·the·p~icifv.e heat rel'Qase anil •1Jrinkler 

aeti:1tailmi pi:dlifos, Tlll: tc$J; plant'room.'meaatmicl 120 ft •. x 1l:O fL.a:nd 54 ft. 11.lgh. 1'he test plant 

ind.uded ·a 1 OD J\. 'Ii \no 1L·.adj t1i.'ti1ble heig:httleilfog wi1foh. pelril.itt«l 1he coiling hdil:tt of the t1Wttl 

to be var1iili~yset 'Uie. ~ys<em.liaramwrs i!i.clooei.H::la.$ U cominodl.cy i'fu1i.u1ilple.rnw .rack 

IP-TEMP
Rectangle



WO 20071048144 PCT/US2006/060170 
57 

~o,tJgement sfoX,cid IQ ~ ~iglit hf.iioojit tlfiliY•f<~'!X 'fe~~:<3!'1 ti) fotj1!~.in a;llt!.l!a~.~~ ht:\Vlnir ~· 

ccilinghclgb~qfaP,.~ut.1J,my !~t(:4Gtt), Thi:~~· spi;inkler,sys~em 10incl\lded mieh~mdrw 16.&K~ 

fuct{1r uprjgl;it $pOOl'f.fo appHC!i!loniillrage spcinkiers 20 ha.vl111{a 11omi:rill.1.RH pti9Q l;J:lc$ec,)" ro:id ~ 

ihew~ rat.lug of :!8.6.: ·11 on ten. font l)y fmi.. ibot(Hl. ft x:. iJJ ft) .i.'Pacmg, TM'};pririkkr systel!l IO' 

5 w~ iocated ab'outsevm im::hes (7 fQJ ~eath the "®if mg nnd supplrea :Wftlta loope/L piping sy!ll.~ 

Th» spl'l.ilkliJ,t: s~tiptl.~ JO wi.«. c\)~ijgU;i'i;:d t(J ri~vicle; a ff11id deli'veiy bnvif\g ~.nominal. di~ohm:ge 

d¢mit:t of~b!,)t\t 0:8. gpiµ/;tl~ i!!J a i\Ol'Q~!ll\1 4ischarg¢ t'i{¢~~e <;;if •\~out 22 pi>i, 

!ili3$1 Tli~ti;;st plaiit w;i:l mooe1<;4 fo 9¢.v~l?J):the piedfoijw, ~ai telpl!¢ and sptfa.kl;r 

~tl¥•ttiop priJl'Ue 11.'! !leen..in:PJQ, s.: I'i:om ~ predi~ii~e profil~, e~glity µ,ete~'ll\ <;if th1> ~peci11!1P 

l Q i:naxinwm si;tirikli:t opi..'l'litio.mil otrea 20 kiWin~ aoout sixteen (Hi) .sprillklers 'tvas prediitetl to ft\rin 

foll.uw!tlg1a.1J;!ro{!mnm .tlui(t,lell~defay periotl(lfaimt1t fort?'Si.'i-'bndl;(40 s.). A mirifrntml fluid' 

delivery delay periilil':(1f11oou.tf01ir siici'mds f 4 ii\) wmi Wenti:i\.etl .!ill inetin:it' l~$eJo t~ ptedWtoo 

fat ~. gi~'et1 ~~ljng heignu:n of furty feetJ40 ft J, . 1:he first $prl,ti:l::ler actl'f.'.iti<m w~ Prooieied ro. 

ts ~r at about t\'.\'l JiUntiteiran~ 'foorteen S()\mnds {2:l 4) \lffutignltlop, A f!ui~ ~!ivecy d~kiy ~oo 

crf iliitly !1.l;Q-Ouds ql! s.). WlJll. ~!i;ete.d :frmn !.'lw range• hetw~.n the m;i;dmwrnmd min!mJim t:<uid 

d~iiv.ery delay ~tiods fOf w•'tinw. 

flll36i In !he i!lilt pl®t;the.rmiin:oommiiiilil)' may 50. &id it!! gellm~'1mo oontct WM stor<:tl 

beniiathfol.Wsl'!ril1F-.iers'in l'lrt oi'f.'set 0011tig!IOOion. M.ore-~;i:ffoi\Uy; ihl)mrun ,11n-<1.y 54 ofCitis.S II 

20 i;ornn1ootty was l'ltQreq upon. i\uiust'.dru .mt:l\s od\l;ii.pg ll4\{ih1prigjl.tand steel bean! dririiltruciiot\. The 

32 ft. kitW'hY 3 IJ;. widt'.1'jl.~ me!Uhm were:rur{inge~ tiJ iJi'nvid~ a m11lt.iple~row tJ.lll.ill rack with foµt 
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st®! 1;1pP:}ill,1J:.!iJ;ld stecl beiµn. cull.iitrootlOµ,. Ille 3:2 ft: long by .;3: It y~d~ .tool< ({Y.s~n t~'l!s a'Q;tiiiged. to 

pro:videa singi)!'-rOW t\f_&et ~ wJ.th jhr.;e 8 ff, l?ay~, J:he beam tnpS."1ffuQ mp!(, Qfthe target mey: 

S'J: were ~Qn(;•t im. the fl(iqf ·and !lt Si\, ln~ll.lw!s:iifio.v~ the floor., Th~-bays. g:f.~·mmn !l1ld 

tlll'get l!n'aJ.il .~4, l (} •vm..~. te J:m>Vl~:~ l!ominal sfa ii:Jqh l.cngitudln11l .and l!ailiwer"e ;fli1e ~a<;~ 

5 thro~utthe atmy. The nWh and lllfll'et~ay tllcks ~ aw.wmately. 33.foot•tall and oonsiswd 

of oo!\ien vertlcat bays, 'i'he dass IT etimmodity>'<l.as «ms~ :tfom ·dollhl~ tri·,11nll comi.grued 

W!l're a .nlJl:lli:ri,al 4k5r,i. \'ii~.~ 42 j~, l~g ); 42 in tlil1 ~m i.i. single nomjnaj ·42 in wide;-; 41 m. long :x. 

5 i1:1. tall hardwood tl4~traf eirti:ypallet. 'The dpuble ~-wiill catd~ooi:d c~tou •Yv"igli~ ab.out M 

\.no;njn,aHyJ41t.), und ib.e mov1ible cdliug:was set to 40 ft, 

[U137J An.~ctu.al "11rn test.was ii)ilfa.tcd tw1mtY,4.11'.le lncllcsx.1ft~ccntet ih1m.:tlle ce11ter nfthe. 

main url"ay 54 ~.the t1:st was tw1 for & test perioo T ofthlrt)f ituiiutes (30 i11in}, The igi1hio11 oourc<i · 

P'llyetl:\yl.en,e ~ag. 1~.ouowfag t!m~l:a«t:i'vu.tfon qftl1e iirsisJJrink!er il:rth~ !:\}'Stem 10~ fiui~tdeliver-1 

.and dlscl,!'trge ~~ ~lay<;d ibl:a period vffh!rty secoi;ids (10 s:J byw<w qfa solenoid ya1v'll lei;!lfed 

... after.the pilnll\ey wawoont1-ol ~e, Table 1 blllfo.W pro.v100$ a .summru:y, t,rofa.-Ofboth iher.nildel 

and test paramewr.s. fo. attdiOOri. Table 1 pro>'itks !he predicted .sruinklllr·o1,erationi!.1 area imd tlu1d 

20 dcl~ delay~ nm t(; tlre mel!SuredY$uits fri:tm !he test 
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flJ PB.J The W!,1 ~ul~~tlt:V t\1a~ a ~~ciiicil .flt1k). 4i::H".lizy -0f llihi:Y, se~9!'.ldsJ~Q l!'-'6,) ii!tn 

modify, t\ uro·gro'l>ih 1,~ ~vahl ii, set of swmklci'S and:f~rin, :a: 1ij:jrl!1kl".r ~atfonaj'. area 26 f(} 

(lddr=.~ fir<:: in 1l!sim'Quaj'! ju).d drt~w1H;qnfigu;.itlon, , Mq~:sp~lti;:;~i~y, th!) p.redil,itiv~spiink,kr· 

w,'ii'1lltk11:r prqil)~ ici,entrf,,00 a fire gi:ow~ t~ting iit i!T:\llt!t ~. ( ~.Q) sprinkler ~tlva,tio~m; .as ,mo\yn. 

5 · hi fiKI; 5, li;n~liatcly follQ.win&. the thirty se()Ol'ld fluld. :deliver.y delay peri<id, ln. tile a~l fi~ te;,t; 

~ { 10) sprlnkler.aatlvat:t'Oru!· 1'esttlted fu tlo~'.iug the thirty soooild (21:> .sec.) fluid de.J.iwry delay 

petioa, as predlct'lid. M M:ilrnol'lii! fotir flpri~i<its-were ae~hiated in ilie followhlg t~l~ ~orult.{l o 

i;ec.) er Wliich PQil1t thi:: ~kier sy~e.1n ~1h.Wcd ~ disclmrge.pre$~'e of l~ps\. to illgnlticaril'Jy" 

i¢fm~ .fite g!'OW!h.. Ae1;ol'di4gly, a *1 o:f fotum:in, sp~iUkli!l!S were ac.tiv~ted, k1 ,form a sprinkler 

10 ope..-ati(/Ml ~ea:2$ .tQit," 9e9<)1,lds (40 ~q:,) full.owing the fit$t spiink.ler activatiOJ1. t'hc mo®! 

p,redic~ nv.ettJ;;e swne fo~ty®!:ond periQd a sprin~er iwtl vatkm total ;:if ab\l\lt l'lihete'm sprinklers, 

Th<:1 co.rr!!Spmld\:mce het~n the moddoo anilactuat sprlnkler.activail:(.)nS is closer than w-0\lld 

appear due to the fact fuiit t.00.tllli!l three ci'f the niiwt6ell.activa:l">d ·Hp.nnkk~rs in ·tl'W 1~! v1ere 

~ndlctoo 'ruacth•am in thwtliirty·nfot~ !JOCqnd qfthe fortY $eoond period. Futili,~r. \lie in,o.:fol 

L:'i :pt\\yldes a <X~lljlei'\l\ltlYe>i:esu1t1~1 tb;it thi n:todel dges not acct1Qill :I'm: the tr.ausltio11 )'.'!'.lrilid Jlet'vveen 

the arrival qf .:ieiiver,-00 water at the :l1Pfi4Tder 9P0t{!tianf).l area, to .the t,imc full di~hitrge pms,'}t\ri; is" 

n.ehi.eve•.L 

HHSlJJ Tl:ie: ~\:f. lfil.'Ultp .s1mw that a CPTi'CCt.\}' !lredit.1edJhikl dclivw;y deb¥ resµl!s in tl~e 

fcimmtii1n of:lln tlt1U<il sprii:1'ldEl!' ope@ti'mial area 26'Jn11d1> up ot'!burlllM '®tivllf-00 ~~!ll!rs wbiclr 

5!-0 effec:tively !lfldros>>ed the: fir~ &$ 'predicted. as ev!d<:riee.<1 l:iy the f&ct tliatthe last ihm1nttl llct!Va!icn.{)f 

a spdnk!et tldc1.1rroo fa ,Just l.'lver 3 minutii~ front the n'\()mr:nt.ofignition. a.nil no atldrtioiim sprirJ<:for 

a¢tivrttiofli; ou~m;,>d for tilt next 26 n'lltrute!i t')i.'ti\a,rest,peli9d, ;~dditionhl i\.mtureg \~fdr.t sprinkler 

s.ysteJ11 l O P<;r~irmiii,lce ·w~!:l· obSer~'ed':!ucil i!Ji, for' exarople;die ei;ie~t of the d!ll}litgc to .the 
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~''1.\8,oPs<irviifl that.~e r~ and $l.'1~~·~l'lfueii [i.)1;1lledtQ \he.~ll COD:!tnodliy ~y'S.O. 

\014ll} ,Sh<1wn 1n :j\'I(l; SA ia•if,~upb.ieai p}J)t lif 'tti# sptlnkier act!vatloiw. iJ:l(liwtillg t~e 

focm.ltin of e&cl1.mtuated spr.i:nklertelative to tne~nkm loC\lS~ '111e.gtaphioa! pb:rtpri.wldes an 

5 itldiearot <rf tl.'ie \Uiltitmt wt'spru~k1er iktppfoZ? ti' ooy~ . M6t1r:specnfolilly, the pfo~ gfaphicaHy sh():WS 

the ·conceiime· Hags ,i'ff sprltikler actlvati!:!'!,!S proxifai!w t1re .igii.iti.oo lu00$, a\1d tl.ie -lolll.1~{m1 of 

unacl:l.!ated sprlhkkirs:wilhill orie. 9r l'llllte rjl'.lgii fl} lndillal~ a ~ptin!dili~p. A~~&'<ling t@: tfu;.plot af· 

ooromQd~ty ~s 111~1~!\\ld ro'l<l ~st¢, m 'fall ~~ plmJ:t moon .. Thl1 zy$e'ln pati$li:ter-> ~c\l:J.de.ti C!a.11s 

m couimodlty itl P. litiupie.-.t(}'\'\' ~~· ai:ranglbll1f.lQ!. 1'.~ iq 'I.\ helWit ?.f abOW: iliir.cy .ft'let• {3.0 f;,) 

lGcated:faa ai:P'.l'<l!S!? arffa having a i::¢illng hei.gbJ of .!l;bout thir!y•five t~t {35 t't). 'loo.dry spl'inkl!lr 

syst,em l O fodmlcd on&1 hl111dred 1.t.UlJ(•fuctor µprig!,t $!Jttific appH.catjo11 ~wrage. sp;·.inklers ha'.1,11'!.g 
' . - . ' 

t5 atRinifoal RT! ofi90.(ll:·.secf' am! atherm1.tl ra'tlllg ofi86 ·:·p on wn foot b;r ten !bot (lOft. "'LO fi.J 

spaci'iig. 'the. >'Prmkler ilysten1 W$ loooted !iboutmeu inches ~7 in.) beneirth 1hi: ceiling. 

!01~2J 11ie $yll~ rn.·wil/Hn<X!ellld as nomllllia:tl to tle:ve'll.lp ~ pre<iict)ve heat ~i~ *1fili° 

21) f.Ql11Y;'?'i!,l{! <I maxinwm ~Jliil at ii very d(liay p\'lrl.i~\l .of aoou~ tji.irfy-fi¥c seconds {35 s:). A mh.rlnWlll 

iltlid.ds:livery delay period 6f llbout :flve se.oonds (5 sJ. w11s lden~i.fied as.the. tlmc fapse to the 

predicted .J.n"'1mal aotivlltion·of thefj)b.r :cri:tfoai sprl.nktets·for the given :ceiling 00\ghtllJ of:thlrt.Y,•· 

Jive fott(a.5 ft} '.fh.e1ii·!lt apritikleri'it,'t.i'Vatil'ln \~as predicted t~ eccw at iihotit ·one .minute and fi.ftx• 

li\'e secoild~ ( l ;55/ after '.igintion. A flui~ dt'~h'ecy delay period of tllirty-threit sec9uds (3 3 s.} was· 
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seleilwt'! 1rom !Ile ~_,geJ:i~een the maJtiJnl.}µ):anq m!tilci;lun,i: t1J.rld 4tilfrery d~lily 1w1i~~ f~ 

te$\lnjt;, 

flli 43! ~ the'te~t 1llallt, t]le µlll:\n•cQml)J:O~ity arc~Y S-0 ~nd li'.$ g~Oim;;:qc cc~~ w1;1s store(! 

Pl.".ll~~ four 11Ptinli:l.f,'.J'!! ii) !\Jl ptl'·:set:;;oufl.ir;it'.itilm,. \vfore,speqifi~~ll.1, th¢. m:ii;in iu:tay 54 of:C\a;;s nt 

5 .eomrom1ny ~ Sim:ed 9P0n iadusl'!lal r.itks ulillilng sieel upright aud stecil beam eoruitrimtlor.. 'n;e 

32ft,.long b:r S 'ft,. Vriile.rackme:mbers were. atrlll1~!!dto provide a dhuble.:rowinlJi.ri rack w!ilt fbrLr S 

ft. bay:;, B~ tops wm .positi(iJ1ed itl thill'!ieks at vertical ti~lieighti uf 5 fC J:ncrerire!lf;; ~b\)Vli1 the 

fkloi'.. 1:Wo !l\\!JSct iutll:ytl' 52 ~e ci!ICh .. sp;icetj at a. di.<itai!OO of <light foot (8' !l.) lll:!Quf the mlli11 \\!]ily. 

J:iach target m:ti!Y 52 t9tlsiswd of ii:ldui\:dal, ~iilgfoc{'QW ta\';k utj1faing >tool :upright a111hft!.ll.lt 11~ 

10 <,'OJJSfrootron. 'r1ie.J2 .It. king tiy 3 ft v4~ ;~cksjlst~~ V>W ~e:Q'w proykk:a•slngk»f,)W't:111)1:t 

rack. wftb.tbree ·!! ft .. !:lays. 'i'11e·l~ :iopsi:if tm rack oft.he'.tl\t!}e\ ur.m;c $2 were 1'.!QSitfoi:ie4 .ou tbc 

tloor and st j. ft. inc:reinoo.ti> above the floor. 'The bays of the main ro:itl target m.ay.s l 4, t& Wl:l'<i 

iooded ttl provide!\ rlOl'ninal sbdnch: !ongltudliwl ruld traniWerse t1ue spacc.tiiroughout fue.attay. 

Tl:ic main i¢tl tati,wt mr.iy racl\s w~appro~imaoolr 29 feenall and ool1sistcd of$i:it vertical ba)'l'i. 

is The sra11criird .rna~s m Q'Pmtnildity ;~Ill> oo~cfod fi:Oni piipci' ciq:m (~mpty, ~ t'Yz;~} 

GfJ!llt)ilrtl!len!?li.l in. Single wall, c9rrul¢tid Ce.t<llmll!'iJ oorto!'!S .meilsutjng ,21 ln. 11·11 l !n, x 2 l tn. E!ml:, 

~i'rol;.;;ontllins li5'cl!J':.~"s l{ty()l'sof25 .\lJ:!ps •. The ~q.mp~fitliWfon wasa,ccomplishetl,with 

slnglewall OQm.~gflted.c-ard~om'd sh~to se~thc five 111yas and vertical hlterloi::ldng sing,ic: 

wa11 '-'0lTilgated ciu-dboord divitiersw .sepw:ate. the 'ft.Ye to\vs ·.anci u:v0 ~olum11s of ea1lh layer. !ll.ght 

2o cal1ons ai:e. roruioo on a two;way hilrdwooopallt.>t; approiimatcl~ 42 in . .x 42 in. x .5 Jn. '11m p!Ui~ 

"-'elgrw iipptoi.1mati:ly 1:\9 Jhs .. i;f wh1cnll\:iout200A is papet Cl!pS, 43% is wu;.}v and37% 1-~ 

corrugated c-~ Th~ QVer-.<i.\J ~'!l l!ej.glrt.was SQ it, lm.d the 1:1.im~ble ceiJlilg V.'a'> Ii¢! to 35 

ft 
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[~~ l#J An i!C!Xfal fife tci;t' WiJil i!iit!~ twen.ty,;Qp~ :lncli.es llff•P¢nter frOlJ1 file cenWt' oftbe 

·n~ .!l!Ili;ll H4 !lll4 ~ te.~l'Wll,S l'tl'!l .fur i> .test,p~rktd .1'of tlijr1y 1.ninutes. \~(J miu). the ig:nifi<lu. 

sooro¢·w~<it\'(Q.1it11f,stimtl~d cei)ulas!l C!Jlton Igi1itttr;l. thl$'.igriirerswere construtm:xl from~ fflree 

foph 17. lbre~ hwh(:l fu.:)t 3 hi) lp,tJ,g \Xil.l!ilOOI'! b'!Xndil} somd with 4-o:l:. uf~line imd wrapped fo a 

s· polyethil~nlJ ~ ..!i'oil.(1!\ving thennal iictivatit'>n{}f the l'ir!it ~11kler in the ;iystem 191 fluid delivery 
. " '· ' . 

and discharge was delayed for aperlaii of ihitcy.t11.i'ee seoOndil (33 Ji.)< by \~ay lif a sote:neitl .va.'vc 

looofud after tltj) tirmiaey wat¢!'4iontr.M valire. T !1Ple2 below piQ¥id¥s. ·a sum!haJ'.Y tll:ble o.f l;)Ptn th¢ 

nwde! itnd te;>t pa1'liln~er$. fn addition, Table 2 J)xQ.viqe;;: thi: pn..~ict<.ed 1>p1.:fokler •we11.1t!onal mea 2!I 

.ang l'ltio;:4ld ihild .delivezy 4.elay ~od n~xt ill the: measure4 resi:i!ts :tram the ~t. 
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!1!145.l Tliepredfutive pr~fi~ i(!entified a fJtegfot<{th·co1tcsp9i:icl~ng.tct'a p1lldfo~ldn ofabout 

f91~ (14) ~-prinkler .aqfiv.atl()n~.:Jl;)lfowfug a ihil~y·three ~ecorid fluid d.<1lh'ery delay. Tl'\e w:itual 

flf\'!J:esi.r<!lsiilttm.in 16 Spl'i.rikler ootl:v<imins.l.mm~liaie1y following !he iflirt:l'"three second 03 Jlee,) 

fluid d!:lhiery. (!@lay JiWiiXL Flq aclditloo.e.J Jlprinkl~ were Mt.iv~ in .tlie sub.<req\leil$ tw-0. seOO!\ds 

5 (if~,) etwhillhJ:iOOiltth~sprWk:lcr system aelueved·tlm dtlreharge pte!lliur<l e!22;~. tlJ 

Significantly impact fi1:'e growth,. Acc\'.liX!.i.ogly; a total of ilxteen•s:f)ril).!Uets we;re activ!rtl.'d lo form a 

~ptilllctf!r opi;..'rlil,10,mtl m:e\I 2q, thlity4i \ie seconds; (3 5 Sec;) 11:! !k~V,.iiig the :firirt. 'spi'iilk,16r a:cflvatfon. 

'.l'he f!1Qdel :Prewotey, o;rt\r tlw $tuni:ihfrty~ffve.m.>co.nd period, a sprinkler actiyru.i\'Jn ttjta[ 11!ro Qf 

al:iout sll\tc.en 11pd1tklers a.~ fodi®ied in l"td. 6, 

itl1 ~ sprlnldcr Q~ti!lillll are~:26, made i1p pf itixtoon {l. 6.) at.ii vated i.-prink!.;il'l:l, which 

efI<ltii""'lY a~ed tlie fire as.ptildicted !IS evide11cectb/ the fact that ihei last them:i!l! 11{.i!Yation of 

a sprinkler occm1'-ed lri jµst.under tlwee 1tiil:lute's from tj)e.inon.1ept~'lfign)ti(llt !lnl:l li.o askfllihnal 

sprinkler activ11ti.m.m 00-01.lrred for;the .nei-t t~V!,l.!1ty~~n.1:11;m:it~ pf the ll};}t p~ri6d, AM,l:tfo~1til 

.15 foatllr61' qf dry ~prmi<:ler sysfum to. p.c.rform<moo wer~ Q~f';ll'Ved?14Al1 ;t~,.for <*!ll',l'!J'lle. ti1;;,:e,'®11t <>f 

thi.Hlimiage.ro the commGdilly or .tb<:i ~havlm: of flle fire wlative.tu ~storage, Ifmthe·1.0s~ 

summ~l. in1'ahfo ~, dt was cibsi:ivW th;rl the ~mid damage lW!ained lfmitl'liito the matn 

>:lUl):)lnOrutJ array 54, 

[lH47j Sb!t)'iVJ:i ln flt!, 6A ls the gmphkal.:plot.oftlle sprinkler uctuailtms litdfcatlnJ!;the 

20 .location of each ac:tfillted s1~tlnidcr rda!!ve io 1'heig1.1itiii1t locus. The ,gi:aphloal piot sliows:two 

oonc~1f.dq ribg$ n'f sprhiklet ~tivlitiuu tadla1ly ci~IJ.ll~ugf~om the lgxiiti.on foCU>J. N6 sprinkler 

skipping i~, oh!lervi;ld; 
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EXAMRLE3 

m COl:Qil;!Odity lli K!'lo'Uble"row ~k atbµ1geiuent StQl'e~ to a.heiiI1tpfaP:out forty fo~t (40 fQ 

5 located fu i\stornge are!!. having a.ee1liJ1g h\light .. of (tbout furt;·~tl1iye. foet (43 ft.). The dry sprinkler 

system l 0 inllhlded qne hundxed 16.ll K. -f:hctonipright specific application sipr;rge spdnkk:rs havhig 

11r.mminl!l 1<'i:'t uf 1~() (fi-sec.)"'and a thermal.rtifoig ot'iSS."F Qli ten foot by'tcn ib.t1t·(J.O:A: J\t.lQ 'ft) 

spacing, 'I:h<i ~:pi·inkJer ·system was 1ot'lafod aboutsevell itlches (1 in.) beneath the ceiling, 

was ld.enti'l'ied its the time. fapse io the· pre\lictQd ti1enm1l. ;1di:va:tlon·of the· fom' 'critical spdnkk:rn for . . . 

15 ltie:.giwn i;eillrighei.~hi fl i ,l.i"forty-three feet (43. ft), The .first sprinkler activation was pi:1idfoted. to 

occur at.liboiitom: mfimte!!l'l.d liily~five s.ec<lu<ls (i :5;5) ai'tei· i.g[lition. A fluid delivery de.lily period· 

comnwd!ty was ;.-tore.\h1:pun fadusliiitl nrcks utiliiiug su:e!. uptiilht imd :ste6l beamco11stn1ction. :·me. 

32 :i'L !on;g by. 3A,·wide•tllCk111etribers were:m:tfill~cd to provii.fo:a.dotible-l'OWJm:ifo taok wit!:l'icr(ll'. 8 

ti. hays. J'leaui;.t1)ps we.i'e positioned hi the tacks at vertfoa1 tier hei~iits of 5 ft iti,,rernent;~ ab1Ne·the 

ik1or. ·J'wo tarj;let !irrays 51 were.each spaced.atadistam:c of eight feet (S ft,): about the r.n:ihl timw. 
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i.'ilek \\ifh ·~ 8 ft,. bay$, Thi;iheilin)opa Qftne ~ iyf!Jje target«uiay.54 W?l'!! ~on~ on f\ie 

llo~~ anp:lil.:5, ii, )lli:;rl-'!!\Wllts aj)ovetiwfkitir. The bays qf lf\e;m11i11~t~g~·llftllYS1'4,16 ~t,"l'e 

5 lqaded toJ.lrQ)()(le a limJ:iirial ,m,.•iuch l9ngif1.1<!inal M<f~n>-ver~e flt;;.; space tlmmWiout the aJ.111..Y, 

'f.he·ftl<lln i!OO tar~'i.an:ey racks wetiHl~pro&~Jy 31! r~'et.'ti1ll.llnd C@nsist<.~1 of eight vi'ttic!ll M)l!l. 

Th.:: standard ClaSl! ill ooirun&lity·wM constnil.l~ fttrm paper cups (clX!}'lty; 8 £>:&. -siz'l) 

oompartruet1tt:d iTl ah'lg!e ~ll,.i.:~trugated. C!U'dQoo,rd cartbn8mea~11.i'illg 21 i:u, x 21 m. x {.! in. Ha;;h 

cartons ~:!!Wdli\d on·a two--way him.iw'Wd prulet, approxii:mit...1?' 4'.a:in. x.42 iii. 11:$ fo, The pt!llpt 

wei~ approxb1at(!:ly, t 1.9 lbs. o!. wl1kh .~bout 26% fa paper ci.1ps, 43% ls woOil aiid 37% ls 

ci:irrugi~ltd.cartlbbaitl. Thi: IWcl'ill stui'11&e hcight.W!ls 39. ft .• 1 ·in. t'rfonli11a!!.y 40 ft,), mid the 

~wh.by fur~ incll (3i.u,x3 .ln) ioog cellhlo:re.]}unille Sl)aked·>v1in 4:--07~ ofgiisolii:m t1n4wr-app~ in.a 

:ZU po!yctbylc.u.e hag, f ¢l!ovrii.1g, thcrmal®tlvatfoi1 of tbQ firat sprmklct Jn the: :;J!ltem W, flttld delivery 

~11d dlscli~ WM delayeli for. a 1)etiocl of tweitfy;<c;oo sect>nd.~ {21 so) by v.>ay er a sole!lOid vaivc 

lootl!ed irlier the prltnill')r'"vilter co11trnl va1v<:>, Table 3 below .i:1m\iitks a sumrri&yfablb ofb<:>tK me 

mo\ii;>l 1rnd fos~ µt1t.amefetS, In.l!id\iltiim, Table 3 pro~ th& p.redlcflld sprbtkl.~t opemti()11al fu:ea. 211 

atid sclei;ied f):ui.fl. d~\i\iery delay J.l<rrkjU ncxtto. the meim(lrecl !'~sUl.ts from thf !'tl,.~L 
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pi:ediC:t!.ld sprink!!1t' activatl(tlll\ :thll(!~ing \I twenty·\'lrie SOC.!lndl'.iuid ®livs,;ry d1,1lay., l'ilb. adc!itiellJ;ll 

.apr.\n\defs wei:4 !Wtivatcd. fu tli<:i s.ub~e.ir11e1Jttwo .tmmids (2 'S~,} at whfoh :pqfoHlle $prinJ,;len1ystem . . 
1>cbi~yeii tQ.e i.Vlillb• 'pi;e.li$Url,l l:if 22 pst to slj!nt!Jqatrt!y fo1pru:t fl.re ~th. AeCQ!'!!ingly ,. a total 

5 nf tweuty (20) ~Jill's. Wei:e !l(,1iVaied t~ funn lrsprirtkler ~ratfu1:ml area 26, thirty seconds (3() 

sec;) followmg the fli:st sprlnkl~.l!Ctivatimi, Th1nnbdel. prtidfot~'Lov\'Jr the srune thir\y $~C<:ln<l 

p\'JriQl.l. a $prlnkkr.·~ctj'vati~ total llllllTlifabout .six { 6). sprip:kleri:l as indi9at1.1il ~11 fl(l, 7, 

{ii.tt!J I ~htiW!l m PIG. ?A l1;1 1he graphii;{fl pint 9ffue sprinkler ru..:1ua:tion~ li:ldJcatlnli\ the 

fo!la;til.'>n of ~aclr.;1cluated. sririnkleN-ela!lve t~1he igJ:iitioo fo;iv,s, The ~~;\pLlic!il plo.tllhows tw\l 

IV con.centric rlng.<:r ofgprlnk:Jt:r:ariivation t$.dialt] eniariailng i~om.tll~ ignition !0011s, A singl!.l 

13prlnkler skip ~'1' the fir$ rfag i~ oboorved .. . . 

~MPLE'4 

I~ 1 Ml Jn a fou~h :ffr<:{teSt,. a :sprinkler sySteitl. Uft'or tli.~.pi:o:t~i:;ti:on ofCluss m Slllr!!gll 

eommeiliiy wa~ im.itleled and tesred, 1resyst~m para~s included (~s Ill <.'tlmmiJdity in a 

15 doubk•rnwraek !ll1m~tm1ei1tstor.m:lto a hclgl11 oi about forty feet {40 fL) · k\cate.d in I.I' storage l!i:llla. 

ll!l:V.liig a t.:0timg h~lghr \ll llOOilt furt.y•nvef11e1 {45.25 ft,). Thcdzy !!p.dak1~r srstem. lOilic}uded i)l)t 

htmdi:ed l 6.&K-factor uprl'gm specific ~pplibaJio1i stQ!ilg.i:~pririk!cts. having a nomfoa! RTI oflOO 

(ft-secl\ tlXid inh~fill.W f.atitig tif.~&6 'F onlc)l foot l;iy ten fw.1t (lO It~ W It) spacing, The 

sp1'hlkfo1·1.lCtlvl>il\)ll p.n'ifile~ seen Jn.ilrG, !$, f)i'Ornthe pr!lltl.cfrvc prox1i~ eighty percent ef the 

mnxin11Jn1 spnnkJ~ opetatkmal :ate!!' 27 hllvii<ir 11 total. of aikiut Sixteen ( i 6) spdiilde.ts wa~. predictlfd 

to bccur follo:wk1g: a moodil:mm .tlml'l tlliliveit diilay period.ofabom twent)Hilgjn seeonds (2S s;):. A 

mloilnum !l\ild dcliwry dday pedod of alront te1r s(;)tlm1d.~ (10&.) \y<IS ide~tl!ieth\s 1he.1.llne lapse to 
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the U'iennal ~JV~iln efthe·tbur etinQtil S:pl'inklers forthegi'Vim qeJlitl1fheigl\.tlll of forty-five met 

(45 ft}, 'flle firt>t spi;ill)<~~ aQ'tj.'j(~on w1.1~ ~redi<)l-e.d to octtJr'¢'abo\1ttwo mil:!\lfes. (?:{)CT)lli'l'lir 

ignit:k1ri, 4 fluid P.eliyery ®1~ ~tfod' '1f ~'ixl:eea swpnd;; .{l ~ tl.). w11~ ii¢~tlekd. :from ~he.mnge 

tmw.eei;rthe maJiimun1 an,d minimmnt'luid deliv.eicy (4,iay ped~.for testlnf$• 

beneath 1(11.n•-spl'inkiers fa an Jff:.seticnnfi'guratfou •. Mti1·e spticl:lfoal!y, .the l'lliiin im'!i}' 54 of Class iu 

otimn1oi:litywas st0r<ld upon 'iiidu~ rackS utiJJiing steei uprlgh.tal:rd site! bea1i:i coristmetid:tt, The 

32 ft.: !11).\g by 3 ft, \'iii~ ni~ members were il:filllf.gi:d.N pX:-O:;ide ~· 00\lbl~·rqw roain i'a<lk >\jib four l! 

ft, hays; · 11.,am top$ ·~e• J.X)lli!it)11~ i.1;. the r~ks at v~foal tierc.heights. t;i.f ti It focnw#,!ltS atmv!l:t.h.¢ 

lo' floo:r; Two !ar~t attays S.~ \.\we e~h·'Sp!l~d ai a distllllt:e M' ci~ht l~t (8 ft,) almut the m.aln <Itta'" 

Bach. targetamiy 5'2 c.onsisted.of lndrist:rfo!.,, il~fo-row rack utilizfog ·stOO! upright amlst'l'C! belW 

oon~'ilon. The. ::i:tfi. lOll!{bf 3 :ft. w1dil rack system was ~edm provilk'<lsin~lMOW !argot 

.l'iroli. 1>vitht!:rree !i ft. bllys, TM. heron top!:'ofthe rack of the'tatgitt 'liimy52 'i'l'!lt<i J,11.isifaitoo on the 

floonmd ?t S It ii~lheli!S.aoov.l!I too lloor. Th~ hayl'i. ef tne nj~iil and t<ltget atta;vs llk 16 ~'l'e 

)'he mafo !llldJlltgt.'t al"!lly raqks w~ ~proxlrmitely, 3{l. tbet tan and .cons is It'd of qlgbt vc1·tical buyi;, 

The $~Q Clit!j.~ ilh::nµmmd!ty W'.JS cO!llrtntci.t:;cl frQ{ll paperc:up<> {l'mlpt~. 8 ()Z.;~\ze:) 

('9nJPl!r:tul~ed ins!iig111 wru:i, corrugated Clll'dboaixi.Clllton111ne~surfog;21 hr .. :t21 in,·;,; ;n in. )Ew;h 

carim1 co.uhai!lS J25'ctips1.5 layerstif2S C.UJ(il. til<:i compartin1.'lrtalization W<IS!lCCti~lishedwith 

W sfoi;tle wall con:tij$11ted ciu:dboard S!ieets ·~ sepanrte th.I! five 1tzytirs mld v.ertl.caJ lilrerlocldi'lg sil1)tle 

oo!.i c-Om1gi1ted 011rdb1><1t4 d(\!iders to.sepMate the five.rows '!llld fi:V<icOltJthns of ea.ell iay~:r. Eight 

~;arto.u~ l!re .. loaded O,n a:tvA•-~'i:tY hl.m.!woo.d Vl\IM, apt»:oxii;n11t~ly 421µ. ~ <1~ fo. x 5 fa. 'fhi;; pallcl 

wei,Sf1$ apf!l'.OXi~ly t1;9 U:is. qf~hll.)b abc;¢;2Q"'Ai ls pJ.IP<lr oops, 43% is:wqqd and. 3,7% i$ 
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fl}l:571 .~n 11~ fi1:0 tf.);,Lwa~ ininawd tWt'Uty-p~ inches .qf1:.Cf.l!lter.fro11:1 ~ ce~ter af the. 

~ai11 array 1141.1r$.l-the tk>;,'t.~:rmrfor idestperjnd tPftliirtYlni!'lufos (SO min:). Tn\l Igii,ition 

5 source were.t'A'tl. h$lf "lltllndard \!elh.tlose ·cotto11 ignitm:s. 1'he'igniters·were -0fi11strueted'. froin'a three 

inch by t1t1-ee inllh: O il1 ~!{ 3: in)·fong; v-eHulore tmridl11 soaked >vlj:h 4-oz. of gawline at1d wr~J!~.d 11l a 

pmyt:lthylene bag~ l'olJ!Jwing th6.l'n:iai ~'ti'\'<lt!On. !)fth¢·fiim s~ in the);ys'tctt> Hi, ~uiii tltl.li'1%!'Y 

ai}u dllieli~o·wiis d.~a~d for- ap!'rl~W of sixt.\en seoou.d,s (16 s:) hy mf ofa ~ol~i;,I valve.Joc;t~ 

~wr the·.prlrirai;Y ~~'iwer Ot»l)l'.()I w,lve. Tab!~ 4 be).ow •pl\wk!e;s i~ ~um!l')ar,y l:ll):il<.'rof ~)lht.he m<Xl'\!1 

rn. and t~st j1atmtleien;, fo;.add!tloo, table 4 i:m:wiq93 fue·:predi~ild sprinkler op~at1!!n:sl11rea .26 and 

sdecte.d fluid deiive•1 ®lay p¢r'i:.-;d ~ to fue me<.1suwd results fronr the t-est. 
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{Ill~! Tllf.\ pr~i:ve·µrofiJ~ ~~tified 1ttlW.gr\'.l,'\v't!J .oorre..'lpom:ling tq :;.lb.Qut thirl:~t,!!i (l '.?) 

pry~ir;ted .sµri~le.r ~~lV;ltiCllscl;Ollbl.¥ing a sbi(e<m S1Wond. (16.s,} fluid de!J:v<"r.y ~lay, Ji{Qwi;YW, J:qr 

ill.e porporM! <¥mw1y4.ngtbe predic~iv<.t.~i fbr·this·~'!ind the impad .of the sixret.'n second .!'fold 

delhrecy ~dtly%1n addrl:Slifog,lhe :fire. tlie rt\lel'.imt ~ind for 1\mli:~~.ls the tim.e from first l\prlnkk.'1' 
• -~ h 

5 ootivatm1i tn the momet1t.full lo)~g p!'CSMetil i!clifov~>d. Fot tilis televfillt'.Piiriod t~e 1\'iodel 

prt-41.cted !tight ~prfokfor att!Vfitfori,~. A¢ardirlg to the fiw te~t;. foµt sp:fuikler~ \.Ye''re.\!Ctivafed,J:j:oi:n 

of 30 psi. ~\'1dll.fonal ~'Ptitik~"l' a~tiVatkins. ~cw:red fOllowfu.g ilie syst\lni l.lilb:f\\l.'l.ing !Jp\lrlltlug 

pntfl.'>\m:. A"11.lfo1 of nif!ct\IWJl sprbiklers were operating at s~rempm.m:ire throo. mlr,,ut~ 1lild thiri~M 

JP :lll}11en seconds (:k:i7)' at't¢r fuiil tirnf .fl]lrin:kkTaeti'v.at:l<>n to significantly impaetfi:r~ 'l!towfu, 

Accordingly; ll im.al. (Jfl'ihicteen p 9} sprinklers were actlV<tted tQ fomt a t!prinkler 01~eratioltlli artm: 

2<)ithi«re:minutes &\ii 1-hlrty-seven ~rt& (1:37) folfowirig the fuist'!Jfirinkter acli'Ya~iim. 

15 effoofo:e!y at!~~ the fir~. :.f\'\lditiooai fe4i\.ue.~ of dir spt!nkler !;:)'~!ml JO peiformanoo were 

'observed $tl.~ as, for example, the ~xteni <if !he .d:anll!g_e to tl1e eommo<llty ow· !be l'Jllha.vlwol".l!ie fl.re 

rela~ tP. i!<<i. si-qr;;_ge. Par i!le .t¢s~ r<l.lmtl11lfi1.ed' Ju Tahfo 4; it was obsl'lrved t~t 1'~e fire traveled. 

fi-11111 the .mai11 iu>ray 54 to the t~ !.\fray 56; howe11'!lx i'.lie ctama11e-W$ not o bstr;e;t to-travel w the 

e11ds of'!he arrays. 

.~LES 

col'lmmdity ·was modeled and ~ed in .the t:e,<ft pl.lint tt~di!'.l. 111'l.system parammetsJncfodied Groop 

Aoomnrollity lh a oou.Me.row ratik ilrmng.,m:e11t stored to a l1-eighr~fit!$oni tWentytbet (20 ff.) 
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system · 1 <.I l.aC.lu~i:d OJ.ie l:t~ .t 9.~ Jl;:ifactot' UJ#ight spetllfl~ e:ppH~tio.n ~\)rage sp1'.lnk:tersJw'!i1:1g 

!l:nmulna! Jtn: of!® (ft•seq'.')'.11 ~d ;>lhim)'.ll,11 :i:ating:ef'2S6. ~r.· gn teu tm.it:t/y ooii.!h,<;;t (1{}11. x 10 ft} 

sp!!Ciog •. t1w 1$ptlukl<ir. ~em wall kmated a'bo.ut se11e!l'.)h~e~ (7 ill.) beneath the ceil.ing. 

[lfl!il} 1'htl :test p~t"w~ l:lWdeled II!! .t.iPl;l;ruiliZt"X!. to dev.elQf a; predfot~e .!~eitt J-ekase,l;Ul.d 

5 sprinkler ~etivation pt:Qflfo as.sceil fn mo. '9.. from tful predictive pt:Qn~ e.l!!)lty'percent of the. 

specil~ed m.<i.~mtm:i \i?riruder Qperatfonal areit 21, totaling aoout siXtet.'r) (l 6\ Bp'!'.inkler\I, Wail 

prel!ief<Jtl lq oe1.>')..>J; following a ft!a,'<lil)u¢ fliuq tl~iv¥!)' l:l(;li!Y pei'ioil of$out ilijrty.-fi:ve: ,~~qnds (~~5 

$.).. A min\mt1ip)luid de!.ivery .;lelaypetjo.d pfal);~µt 1Ml ~"t.wi.ds (IQ s.) wcas ldentmeii.11.~ fu<l:tf1.ne 

fiip~t~~· tl:w th1.1rr.rial aeHvaiit:ii;i. of 'the four critiqal spxlnld~ ti?dli,e gl,vev: ccilii.1g ~ght HJ of Hilty 

l \l · fe.ii (3,Q it.), '.l11e t'ifllt spr1.nl!1er aeUvatfon wa<>predk~ t<J flecur at about one mlrtuw, f'rlly-ihe 

sGoOonds (1:5,5-l;56).af~ lgnitiQ'n. A fl(l!d rlelivezy 4e1ay 11eti<Xi uftwenty-nit1~seoonds (19'i~JV!IS. 

scl~oo fro.tu the range between tli.e.m1tdmrun w.w minirmJm t1:uid delivery delay periods tnr 

te~i'ing. 

1.5 bei;e;lfu Wtir ~?rilikl;m;·iil •lli;t 11ff::se~ cpnfiguratlo11, Mor{' ;ipooifically,. lh<';~a.in array 54 ofGr.oup A 

cnmn11/dlzy was. store411pon il'l\ll.lsti:li;!.rackB urili,zfug $1.:Pf up.right and steel be~r;onstru<:iti\Jn. 'Ii+lil 

32 ft to~;g.byS ft. ·wjde r11ck1111llm~wew manged to provide a doub.!e-tow·1mliir rook wHh.f oui: 8 

ft; \Jays. Beam tops .ware po1>!ilone<Lin lhe.racf\;s.at veriiCai tier b.e!gjns of 5 .~t. incr¢metrt$· a!m\'e !he 

flOQr. two u~ iin:ays 52 Wv"!I: each spaceif at adim:m1ce o'f eight feet (8 ft:) about the maio atmy. 

2Q l\ach lll.1·~1 array 52 cun.'11~100 of mi:iustrlal,; ~it!gl.,..mw•tllllk ml!izing steel up.i·ig.ut imd steel. be!lm 

con.~tructi~n. The 32 ft. Jons by 3 ft. wide rack l.lt;tei.n ,~ .#niPg<!!d ui pxnvide ii s.ingll!•row wgl-t 

tack ~il~ lhri,.'il ~ t\. l»ys, Tl),p bea;:rt !op~. of tlie rt> ck nfthe farg<i! array 52 we.re p,o~ned ori 1he 

ffoor anfj .a~ ,.1.t. ibcn;m~ 'l!jlove Jbe floor, T!:ie bays .. w th". ml)in i)!)d tai.:get &Tays 14, 16 wcrll. 

foa&d io pl'Q'l/~de; ~nomi.~<il six inch. l.11lngitudinal a!,ld ttansver.sa .t1 u~ space througho.ut the i1rray. 
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. : . 

(empty, .Hf~}t, sir4}~kagt;ld lnJJ(tttljmmnent~Kl).siugie·v..'1.111,~rrugate(f ~dboJlro ~ill\. £~~ 
. . . I , 

!\t~at:rang,ed m five:layt1:~,,2~ ~ lay.e; fut&' total (If J.25: pet car.ten. 'fh~ ~o~neundt~tion was 

5 ac~'>li.ed witt.iil~ wall ~ugated-0ardbqard sheets- tQ separate the five lay~s arufverlieal 

in:terbtking single.,wulteorrugated carob~ di{iail1'.s tti stipi1tlltflh1.;ic five. rows and five ootumnw of 

1 f! 

each !iryl:r. E1gb! 21 "in: eufy11. cm:t'oiili~ !li:ran.ged Z k 1.t9Jm u pall lilt load. f>acl\ palli>r low! fa 

:;up~e4 by a tw<H·Vey, 42 Jjt,, eyy 42 m; by 5 uj., s}~red dedk llm:dw®d. pal~t. A pallrt we\gli!! 

i<WNitiimlicly l 65 J&s. ofwhl® abo.ut ~A is. .piilsifo, :u % ii! w90d @04 2~'l:ll i~ i:-0w~ted 
i 

catdboard. T.hc·overall llidfage lh.~'rt wa~ nominally 2:l:Ht., lil:ld 'themovabfo 'ceiling Wat! llet io 30 ft . I . 
llfHi31 An ac~ual fa:c test W'.:!S faitlllted t>t'lii!lty~one inches off.'.centei: from lhe·CIJl'lt¢r oftl'!e 

I 

maiJi. arN~y 114 and tte· test was nih for a l.t'!>i pi:J\lotf 'I' orthlii:fmirrutes (31) 1ni.h), ·me .lgnitil.lil 

. . ·i . ' 
!Rl.il.l'Ce were two hruf.standa.fd.oolliil!)$eeott1.>n if.ik)!1l. Theignlteni,>>we cmistructl)cl froiti a ilitee 

mch :f:i~ i~r.ee i~h (~in 11. ;3 hl) long ce!fu!oskl tlu\1dlc ao1li{<iti Witp. 4"bz. of g!\S9lU:ie and ~Pi~lld in'a 
i 

15 pblyethyJ®ii bag. Filllpwiugther.mill ~i:i'V4fienofl'1ef~spri:riklef in'the h)>Stem 10, tlui~ delivery 
i 
i 

!!Ud 4isi.;harge w.asc delayed for a peifud of twe.nty·nine·.se<'lQ1ld~ (19 s.} \'ly w~y of a solenoid vi;lve 

!<)lf;rte4!!fter th{~ prinwy w:ater contl:Ql valve, T~ble5 belowprovii.fu:, ti summary table of®th thcr 

modeLmid test paumieters; In ood!Hon,, .. Table 5!pt0\lldes·the prodicted sprlnkler.·oj:leratiom>.l area"26 

alld sefoctcii ffoid dclivezy delay perkld next to.the ineastited t.~.frllili ·fue test: 
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l' - "'""'_:- : 'l' ., . Doollle,Rtiw Ddubte&w 
,.,.,,.,,.ge · .ype. ~k lt; ·k !----·-· -.. --..... ..::........... .. _ ...................................... ! ............ : ...................................... !.!~ .. ..'... .......... ' 

1 .............................. ______ ~..?..?:211w~ty 'r~~--__ .................. J'.lwu1 .. ~ .................. :~~!P,::;}c:.. ...... _ 
[ ............................ !!£~.i~[~t~rage.:.!~~!~;~~1. ............................. ............ :~ .. f.t .............. ____ .}0 f( 1 
~ ............................ ~g!~~~ .. ~¥..~!!.K~~.~~!1~.Q.:lf.1. ....................... _ .. i .... _ .. }P..£1 ........ _ .............. J.Q.~ .. _ -·~-
i 'N:ottii:rn.ll Clearnn!:e (I.). I l O ft . _____ .} 0 ft ....... 
' I . . to ' I Under 4, Under·.4. i 

L. ________ . ___ :!1:~on· .. "'":.~:=~~:._. ____ ·-·-·----f. ......... Qfl:'S<!.~ ......... .+---Off<t~L ......... 1 

[···N"~ful;r5·;:;1~?iji~!~~jt!Ji;;~'I'i111;;111ab~ ·t-1··-···---·-~!!··-·· .. ·t- · -;; "-··-[ 
1---·--··-··-·--··-·-·n~tlooJir ro c~m1;:gt§y .. --·---·--.. :- 11n ·---1---·--:ii;;-- · ···-I 

Nonilm11 Spririkler.Oi'S(l~ge c(lC:ffi.cfont:K ......... t---l:~;~--·-·----+-·-··-:~·~-----1 
•_ - u.I l. % - · ' · i 

}-'--··~---,,,.~,,,__~ ···--·--'-··----- -

I s~~~~1l1if;its .................................. , ........... T64-Xjo -----~----···-io~;;~to·-----1 

,-----... Fb.d4 ileUve'~· P.fi1fod. A~~ __ ., ___ ... ~.. .. ...... 29' sec ~-
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up!Wllting P>'>'SSt\l"il ~ psi) tliirty. :lillPonds {30 s:) K~llmving the lli:'$ $J!thlkler ru;tivati.on; !llli! ;1y~tem 

p1·es.stn:e w.!l$ will!ld >Vitl:iin .3 minuWn1lli-'!' 'i.girltfon: The,:Z!'.p:,1 •.. discharge· pressure was obromed 

hr tbe'$¥stil:ro .<11.lch that the ~ririkler. i'.6·diseharg~debllity equaled abQut .0;79gpm!ft.i suWtantlirily 

5. com':l\j)m1l:lingi0 fuespeciffud dooigtHititeria. O:vet !he thiny !iec.1n1iipeiiod I0:lh.~11htg fitst spr!nklei· 

ainivmion, thii:teeir :.;µrfolrl~r activations ocetll'red. "l'be pre4icti:ve ;P.rofik>s ideil.tif~a fire grt):Wth 

re;;t1lting !:µ aboµriwclve fo fuii:tt:ien:(12·l3~ sprlri~er~tivm;lon:s following a l;Wetli'.;1!,\tlne secQnd. (2}.l 

s,) Iluid d~iwry delar; c\:wtai 11f.fffi~1 sprinkler~ were.ope,@ti.ng ~hiriy~niue seconds (39 !!J a~r 

i\)1;' fi:rst sprinkler actiyatfon tl) slgnificantl,y .iatpact .fi'W.fi;rowth. Accordh~!y, a fota! of fifumu {ti) 

HY sprinkkrs.wm activated to fotm a spdukier ope1•atihnal atea 26, l!:drty-nl11e seco11& {39 s. I 

fi.,ll<lwh:i~ iht\ first s~nkier activatitl!i; 'n:rus, h.'&.!~thall:.2{l% <#fthe total a:\>allabl.e sp.tinlder$.Yifer¢. 

atiliiiie<t AU frftoon (15') ootiva.tdd sprl.nk!em were activated wfthli1a1a11ge l:retwe.en l l ()acc. mid 

JS 1m actiml ~p.riulder ~rati~1mi! ru:ea.26,. made VF! irf:tHlt:en ( 1~) ac\jvated :ipri;1k!ers, which 

elfootivel;y .artdtess.ed the l1xe. A:dditloual features offity sprlnklcr.sy.srem HJ pe:rtbnnM«e'WC!'!:l. 

~'r<W-d such: llS, f<>r~ple, the a~. of t,be damagew die mimtoodily \'Ii' tlre behavior of 1lr1r fim 

rclalive t<Yt!ie.storage, For the. tesl: in1mmw.ed in Table ~':fr lda'Y.t1bser11!ild that the Jim tn1veled 

from the itratnarrc,y 54'ki tlwta'rh,~l:arnzy 56; oo'\.\>evertlie<f'lre; did not breach .the e:;,'1rtlnlitles ot'tb<:i 

jpoqti,on of e11i::'h ae!.mW:d.11.Prl~ler relati,ye fo the fg.\llUOQJqcui,< •. Tll11srap{ljcru pfo1 $hOW!\ two 

00~1Ul."Jltrfo ring,~ of splii1¢ler ~i,ltio.n ra:diiilly emi:watins ft~ l:h~ ignfti~11 locus,, No sppok\er 

skipping :is obl;l.'f.Ved •. 
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EX;;\Mfl,.E-6 

{fi161} fa a sh:tldlre test;.a.'5ptink:kr system iO for the l,'W~1.ion o1' Clmr!l lf lrttirag..,. 

com:inodity waidmJ&il\bd imd .~Jn the t!llst plllllt room. The ~'jstein ~l!lneterli irtdudii-0 Cttl!IB H 

~rnmm!ny hi ~uble"'row i:ll¢k;un'a~\3in¢n(si,()Wd tp a beight iaf)i~outtlliny-four .i~<t!.(34 ~'.) 

5 lqeliled'ili alltpr~ge:~a ba'i'ing ii.cfJjling height of !Ibo.Ur fol'tY foet(4Q fl,). 'Hie !fry spri~ &~in 

1 Q inc1uifud ane htiru.l~.d 16;$ .r<Aactor upright. spepi~e apptlf.l<lti:on stt1!ll1?e sprinli-\e;s 20 in a. k>QJ?cd. 

pip~'&~ bav.ing:a uo.mniar RTI \)f 190 (ft·&e<:.)" and a t®rmlll roii.tl!i1 ;:if 286 'i' 1}11 i¢n foQt by 

~i:d;le~ (Hl ft, x W.ft} $pm:lng, '.fbe spri.illder sy$1!."!11 l Q Wtlli°focuted ;i[~ut seven mches {'J in.) 

lienea:W the celli11g; 'lTut.sprinkler system 10.was canfl~uredJt} provide a fl.tiid delivery having a 

HJ numfoal. .dist~ge deru;lfy of abm.1t· OiS gpmlftl at aoomfoai dtscliarge p.t<rnimre ot\ih\•tit 22 i"/Si. 

a~fivation profife as seili,t in F.IC:t l \l. From the predictive profile$, e\gM;y pet(fclli 1Jf the. spt:'Pified 

!U!i/l.ll1lmll sprink!~ op1.1r11.ticmal awa '26 ttltalfag !!\lout siAt.oon (16} sprilll;:;lers was pre4icted Tl!. f~lrm 

foil!!Wh)g ,liJ. max;imum fl.ul'd Ql:liY!lzy d11lcy po,ci<Jdo.faboot.twe.rify:fiv:e.~~mmls (25 s.). A minimum 

JS fh.ilitcle!lvery delay pe~iod of almut tencset.011~ (fl) s.) V-'llS identified &.;J!re time lapse. 'kl the 

predicted thenrt1.1l!lctivcllon oftlie"mitlimurn sprinkler og~tationw art.\a 28 fQ.l'.tll.ed by fuur t:rifa\ill 

sprlnkl<11iil for tlxe.giV.ei1l1e~~ licigbtl:U..offorty ieet(<i:\l.ft.). '!'he.first sptinkleiac~vaffon ~~· 

pt«!j.ci6d 1.ti opci.i.i' i\l'!. rtb;$ut of,ie minute. aiid: . .t:ilfy-five ii~o.i\4.ll (1:55) after ignltfo.il. A fhild. delivery 

·de)ily-p.edqd ofth.iny-G1l'f',S!JConils Gil s.), oqi,sJ'dl\the pnidi'<'ted :flui.il d~ivmy delay ra~ge.,)f the 

20 maxim.mn imd mfohm1.m, ful14 deli Ye!')' ii~lay periods Jor ig~µng. 

j0l69J fo t11e.iestplll!li..tli<! 1'J'llli:n co1MJ.odity itffilY SQ ai:id its geqmetrfo ceriterwas~toi:ed 

l;epe.irth fi>l:tr 1>1'.rfuklm.in.:ai1 Pff-set ci;nt'i~unitlan. ~fore ·s.pecif1cally,th¢ rn!iln ftrray 54 ofC~ass ll 

001'.lnni.'ldJ(;y· was, sterel:l upon ini.fustrlril rai::ks u1i.lhi.t1g sted q.pr.l~t and steel bem:u 'constrw;;tio;t. '11ie 

32 ft, ltmg_·:by l ft 'Nioe rack me.moors were.arm!lged to provide".a do~1bk-t6wnmin nick with four 8 
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Jt liay}i, BeaprfoJ?s .\~'lire:posi!ioried in ~e r.:icJipat ~rtic& tietheigllls i:lf $ ft. ip.~e.li¥lJ,its abbve-the 

1lbi;lr: Two ~ 11tr~Y$ :S;;i w~m egicli.~paee,4~ 3 d:/:stanetHifcig!:lt feet (8 ft.). i.\00\'it. the m.~ ar;aY,; 

BJl<lh ~get iu;ray 52 ~'P~futed qf in41i$;.lf!l~ .single,.mw ·ll:ll.lk utilh;b.Jg srecl '\lpagh'l a~ st¢el · ll!ll>ltl .. 

~'1.llan·iwfuin, Tlie :iti~. 1~by 3 ft:: ~vid<;.~ SY.$!!em w~ a~g«I to p:i:o•{de a s1iigte•.raw ~t 

5 nick ~th tbi:ee 8 ft,Jiay1;. The. beam wpll of tlle xack o.ft!w1il.rget.array 52 w.et>e positiuned 011 the 

ffoor and.at 5 ft. i.i1cre1nel:ll:s:amwe t;he.ffooc. 'the !:iays ol'tliefnilin atid tm:~.-et m:rays 14, t6 wm 

loaded t;i .pre'llide ,a nomlnt\l six-iit~n·wngitudhial ~14. traitwerse fl:IW space· flw:oug;!inut t)ie ;filr~y: 

'!'iii:) miili.i~ fau·got.m:ray t.l.\ck'11Were 1lPPJXilW\lately 33 f~ lli!l ai1(! efl)llSiBted of ~e'l'M vertleal bays. 

~ <.:~!L'l'i; 1J c!lfamodii:y wi;1s ~nsttw:ted fr;;ilr! di.l!ll{le tti•wl).ll CQ.!'.l't!8\ited c!ll"dl::.11\ttd «\rtons Witl1 

Hf five !lid~ .ste\IJ iftUreners ill,.<:eci~d tor stabifu:y,. Oui~r c!lrtGn :mea.s.tW"Ylne.nts Wilte a iwmirml 42. in . 

. \'iide 1' 42:. !11. kmg_ ~ 41 iµ tal!oo a siilg.le nominal 42in \\1de J<? ~in, lo11g.x 5 in, tan l1ardwoo.;i two· 

tray emtyJmlkii. The dm.lhle tri-wall ~oord.1«aifun weigl1ed about &4 Ibs. ruu:l »aehJ:>allei 

wdghoo apprrni.irmdely ahmn S'.211.13. Tlle:i.Veni!l stora¥e Might.was '.34 ft .• 2 in. ~nominally Sil 1.'t'), · 

and:the movuml' c<.'ilitl.11 wits set !l.l ~ ib, 

n'l<iin :array 54 and'tb~ fest WI.ls tun fur a wilt p~o~ r of fhiitytnimti:et (30 mi;i). !,hf, igj:litfon 'S,(!Uf(,\l). 

were t'wo half~tandard qellt<!@se .cottonignjt~ii- The .igµltcrs were cpnstt~cted frwn a·~ inch 'l?y 

ilm<"? imdi {3 u~ x.3 .il\) lol:!g e.¢)lli!osl:'l;lun4k:-~oaked x,,Ith 4-l.'>z:, 9fgasnHne and wr-;ippt;d in ii 

ptllyetllylooe bag, Following {hennal·~!}iivatii:•nof lh~ first spririkier in fue.s.ystem l.Q, f1uld detive:ry 

20 and disclm.rg<rwl!S del:a~er.ffor aperiothif!l:ti.rty setondil (30 s.) by 'l.vay t)f a sufonoid valve. located 

anct the.)?rl.rbilry W!fil:r oonttoi-vmw. Tuble 6 trolt:iw providlli.l.iH>uhlmm'y M:ilc bf bath tl.le m1ldcl 

!lrui l-e'St ~·s. fo ~dJiion ']'af:;l¢ 6 pro;ide,'!- the pt~dicte;i i\ptfak[<tt 6petati~11!i! ru·ea !lnd fluld­

dc!iv~ deJiWJ!!!cl()d n~xt.t9 :i,li!;) ~i;1te~ r<1sults from tl.ie te\st, 
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f!1171] 

mimries tl'illoYvJ;ng.ign~l® . .A fatal of~,;ih'll sj'.l;rlt\!J;l~re ;,.\'er~ atjivati,:(l::!o form a sprlr,di:lllt 

~ouial ~ :Zll lbiity-eigl:if ~ond!! (38 St:C.) ~o!low.ing the~ sp~~df,\11 a9tl:~on, jt. slwuld. 

be nol~ t~ll;tJbe·!l}'sU;ll'! 4\d ~hfove AA ~p.erot'illg;p~SSUr;} 9i about 13;:psig, at !!bout J;1¥•1 mit;,utes 
' ' ' 

'.) fot()i-mne:~Qnds (2;49) fullO\vih~ 'lg:nition,;anit manual atijustn:ient of the pump !5pOOd was 

1m~:tl1kii at frern 2:4.7 to abom '.h2l. At three minutell followibg i~niti-0~ 1be l>ptln!lifor dfaclill'l'g~ 

prei!sure.was abont fifteen 15 piilg. 

twenty-six and \ll(;)!e pre,fo,rubly tw~nty tlr fo:over ~'Prinkk:r$. lt shmild be fo1:ther 11ot!ildtn;1t all thMy, 

afa fl)Jnnkler »p<mitions >~re op1;1rat11d and· dlseliarging at des1~d ".Pl:lrnti.11g pte,~s•1r<i witi1Jtr llil 

1~plah!e tin.ii::&amc'. for 11 fuy spi'inkfot.systel'li coru'lg.t1tod t() adili:eSti ii fl re Wifu a m1rrou1iJ:l and 

15 iliSl;Jiarging ai d~igi#i o~ pr.lii;l.itt'l h;t u!ick..f ffye :rhimrt~s -- tllf ee mhtui,~'$. efove1u¢o<:md~ 

(3: 1 l). . Add.iti9niil faatut~ pf dtir sprinkler syi,~ I 0 perfomia~<;e\'le~ obse(!.'t,'li l\aCb as; for 

e<\ample, i~e0e;;Jf.lllt {)fthe diu!l!!gt),to th~ coni.mndity or the behav)Qr oft.he {i;e t'l:l!;<tl~ ·tq 1;111:1 

Jl{nrai,'ll. forih\H«!t smmnarlz.ed in T11ble 67 lt wi1ia1bM'I~ that 1111;1 nr.e. and damage remained 

llroirod to the.main rommOOitr~ 50. 
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l~XAMrt1~7 

Jn n seven.th fitt: te..~ a sprinkler $jstem to f1)tilie. prol~ct~n .of Class: DJ stbrage 

cilmll\1.1di\y wa.~ i;t<()del;ed !llld t1;iltf1d ii;i tµe 't!l5tph:1J11; roo,tn. Tli.e sysre!l'rparam,~t~ ilic) ud1;d Cla;is 

m e-0mm&iify fo . .a a~cyi!e-roJ.\i l"dl,l},: ar.rangeipel,lt ~t~ fo;li fu.;jght~f 11l;i9.u! :tbii::ty·.fi.ve fQet{,3:5 ft.) 

§ 19~1?4 fa.~ sl'!)f,llg'I! !.4""1 havi)'lg ~ cqliJ).g be:ightof about fQrty-:flve. f~ (45 .ft,), The. dr.rli:P.rinl<l:ei' 

sy~m W im:;fu\1ed.oo.c;hrm,drei:ll$;lf K~:fii;.iw:r l!Jlrighi Sp);'CJfiG applll;ati!ln srorage &prlril<Iern9n ii 

loope!l p.fplns ;;ystem.hax>.ii:ig a uomfoal .RtI Of t 90 (tl:i1ioo.) Ii and a fut\rmal ranng of 186 'J? on. ten 

toot 'by ten toot (10 'fL oX Hi ft.) :spacing, The sprinklet ~tem ·was kinatcd such .#lat.the del:1~tS· of 

the spnnkkltli wet1.~ about oovC11 ~OOil (7 irt.)iienelitb. the ~iling. 

~p.diil,:rer act!vmfon proi.ile<.a.i ~"!,\ in FIG., IL From the prc>\ictive.profilcQ,. eighty poroont of the 

nialdnmm. sprinkler npe,rat101~!1 ama 't.T Pitvin,g a !;otal (lf <i,bout ;;J)lt~n ( 16) 11p~ers was p:r~tj.e@. 

to <le<;llr JVflO.'l'il!¥ a llUIXimtll'll ;flu!i;l .deJivel'y delay period <tfab0,m rwenty·Sh; ,io:.abt\ll! -th.lrty•tWO 

seconds (Z6•1l2 s.J. A mini.mum .fiu{d delivery de!.ay·petl.oil ofaboutQne tci .. tvvo.second<> {l-2 :s.)was: 

b identified as the !iml'i lapse ro the tliemwJ aetlvatfuil dfthe !'our erit'i&al spill1klers for the gh't'l.n 

~!lng,hefghtJJJ of .f:lirty~fi.ve ·feet,( 4 5 ft); Tiro first zj.irinkll.!1' lk.1iratlo.n was pt1:dicted: tu occtti· ·~ 

iilioii\ one minute fifty seco.tads (l r50} .ail er igitlt:l.oo; A :fl\iid ijc!ivci:;;i dela;y pllriod of about zy.>enty. 

tliioo ~c®dil (23 ~;} Wall tooted .fr.om the. 1'.linge ,h<;tweim the n1!lldim1!i1 and min,imum fltiid delhr¢rf 

delay ~rlild,'1 f()t tes.ting.. 

hi)Jl~th ibut spd1~kler.s ·in :ml 'OiT-sei ,Cllllfiglli~Hori. More specifically, the malt\ array 54 of Cli.i$S m 

oommodl!J. wa.s llftlred upon lndruifri!l! :rackS irti!iiil~ ste.el upr!ght and st<.<el. ~\m IX>nsb:u<-iimt 't11e 

32 ft, ki.fii\ by'.3 Jt wrdhr,~k.Met\1~'1''!'/01'.o& llri-.atiged ~i'!'prp'1,ii:ie a double-row n:rain rook with ftjut 8. 

ft_ bays. Beam to11s werc .. pomfonod In tlic raeks at Ye!'tic.a! per heighl.~ t:if 5 ft. h1tt~m.e.nt.s aixWIJ the 
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t1oor. ·'!\vo taiJgttt m:t1J,ys 52 ~.each.i;p4i:;eg·at a, dftitarice o:feightreei {S ft,) irbdu! the: tn.ain ari;ey, 

Stich tru:gef.~Y' 52 ,wt(sisfed ofl!'ldu~tj.al; :;~l\l'-row ra9k ~l.i7.i-iig ilti:Jel up:rigtif !ind stecil ~· 

Clli\Sttucli:O.l'l., 1')Je ~2 .ft l6~g_ ~y :3; it wide taek. syirem W$S !lff(lllg~ (¢ prr~Vide a ,\>'jng!~w:Ulr~t 

rl!Ck ~ith t~ 8 ft hay~. The.heii,p.1 'tep.$ <.lfth~ ;rad of¢e tru;gei; arrgy ;52. w=·p'1.siµ~nl.%l o.n th1.1 

5 ®0r an(!~ 5Jt lno•oo1enta al:mv:e fu!l)floor: 1'11e.bays ofl.he :!Mil'i and tm;get .artays 14; 16 were 

ioaded -WJn:Ovide a .nemlnal Six ltich: kingitudma'lattd ll:!m'sverae fluec :.-paoo tlii'Ougoouttlie w:ray. 

1iie main imd target nmy r®bcwereapproxi~ly 33 feet tan mio: i::uiil)isti.:d o-r~even wrti¢il1 hlf)t$, 

'l () 
.~· . 

The: 1m.111dfit4 Clasti.UJ comm.OOiW wwoonmueteu fh)m p~ ctJP•.(41~pey~ 8 07~ size:) 

ct>inpar.W;i~fo!l b;t&mgl1; ~all, cbm,l(taled cm:db~~-yartci1s ilieas11.r#)g 21 in .. x 21.in. x :n in. Each 

c~r.t'l)!,1.;cw1~s l2.S cup$, ;5 myen; of2$ cups. Tue campl4'tlnentali7.a;titm wa,~ acoon1plishe& wit!! 

$iJ)f!.fo.wiiil ·\;'1magated c~d ~lwei:; :tQ ~<Irate ihe !ive fuyers and vertical intet!Qcldrig single 

wall. .oomigatitt.ciitd!xiard dividers. to sejlfil'l\te the five rows 'lllttl :nve l:cilumns tlf ;:acb "llzyer. Eight 

cal'tt!nsaxe. ioodei:l-o!i a tw,)·way ti!m.!Wood pitllet, approximaielf 42 in. x 42 in. x: 5 in. The p1.llici 

weigliS .app,roXi.mately l: 19 lbs, of~vhleh abol:!t20% is paper Ciipsi 43%. is .wooo and 37% is 

niafu.&ray 114.'1® ttre-test W!\,'; r.un :fur a test p,..·'rfod r of1hi.rty1i1fnutes (3n mil!} Tll.l'!.lgllrtkni. 

s1.R1ret1 weretwo.hait~:rnm<iaro·ccl1ulose.conot1 lgruiets. '.t!wdgnitets·mreconsttucted:frouu1ihr~>e 

20 l.nd1 by tb.lltt: focl1 {3'. i.n x $ .. in) fong ceH.ul~ bm:idie,willwtl .lliith 4~,iz, (lf gaao!ine and:\vri;pp00 in. it 

poly~yi....-rie bag. !'olfuwing thehilnl :ami.vatltiri of the ffrstsprlcldt,'!':in ~he system 10; .fluld delivery 

1md. disc,11.ittge \~ de\q«l fut ~~ri:o(,1:.of twenty.:tbreesi:lcti1ids (23 s.) by wtty.ofa solent'lld. v.!li'vl1 
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m~hmd ~ITT ~¢t4'l:Si fu ~dd,itio.i'i; '.faple 1 l)rtrlli~es tj)e preiiiC:tei.f s11d1liil~ opei'l\ifqixa]:a~ ... ~~6 

~ ~l~ed J:li.!id de!lvpzy \'!ela,y p.e.r~Pd !.WJ(1; .t!.l t)ie )l1.ei!S)~r;¢ I>lllUl'Ui fi:9m, the t'es.t, 
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.101181 The ptt:di~ive pmfffos:ident1t1ed I'!· fut~ gm~ l~(.)rrespocilini,,t~abotltilixteen (US) 

pn.>d!~tcd sptlnkkt. :aciivatk>iW :ful!oW!ng a t\.vei.it:Y~ix w thhty~twb ~e¢{li14 .flnii,l ilt!iVtit:y c!ek1y, 

Aci:otdilig i:o.ob~1.1fv~tio/h~ of'!he fl# ~at~~ oftwel:v~Sprink;le!'i! Will'~ oiw:nrting a\syst!)m 

pt~:'!llute ~11\;ywmil.le~µ:qs (Z9 !!'.), a:fu;r the first, sprinkler amv;mooi<i·$igiilfroa:1).tl{ im~i:i ~Ire; 

5 gro<o/lh. Subsequently, two ·additioool, ~prinklm were ai,>tiva:ted il'tfurm a .~pr!ulder l)petaiional IU'el.l. 

2i>tota1ing.fuur!e<:n :1prlnltleits thirty se-001ids ('.Hrs:) foilowing the f1rst spril'lk!et•acthmum. 

!Of1\lj .Empkly'fag afruli:L i:le!i\lery t1efa¥ period 1irtl1e sy'lltooi H) re~t!ltei.l ii) t1k forri:mtio1nif 

ru1 Mttia! sprinkler f1pet!!i.lonar ·~ 2~,c!;\'mde up t;f fol,ll'te'<.'ll (l<t}activated svrinklera, \i;lhkh 

etTuttivelj mj:lsired the fit~ Addltio~i f1i4tures of.dry ~inkl~r symcµ;i 10 p,ei:forw,&J~e w<.c're. 

Hl i;.bserve4 s4th,a;1, fOl: .l'IX\11.mple, tb.e 11Xtet1.t ofthe.damagei tf' ili,e OQmmooHy or tl:ll?' ooluwh;r oftlie·»J:!l' 

rel'!tive,to,i'lw stor%\e. Forilie·les~ swnmllrl.:i:e<i ln'l'able 1, it was o'bservlil\i that thG ffo.o ~pt~dwas. 

!J;lnite<i !ti die•twi:i ee11ter:bil:ys ~main.an:ay 54; and pre>\<etting of the tatget arrays 56 }mtv\.\tltttl 

ig.1mfo1r. No sprinkler s'kiWitig W•L~ (.)bserved~ 

lilX~MfLE8 

ln im cigfith li~ :test, a s,prfok1.et ~ysten1 Hi fq;: the pr.ot;x;tlon of C!a'IS HI stor~ge 

COll'.llllOOiiy was1nodekcl and 't<lstL-4 •. 'Xlwsystem.. pai:an1cteri> imituded Clas.<> m l:'1mmodity .ill a 

d\)tll:ilerrowJ.·aek .arr.,.ment swred to a hliig!K of !lb'ailt thJrty·fl:Ve. feet Os ft} located ilr 1.l':sfomge 

1.1i:ea hmdllg aceilii:ili!, herght:ofabo'l!t.f{irtyfeet (40 it) .. Tlie mo/ $pdnk!er ~yl!ltem rn .incluqed one. 

hutidroo :t6,1,i Kd·l.lt'tor. uj:>llight $pl,"Ci1fo ap~cafion 'S!oxage sprjillcl\;)!s'oi), aJp~d plph'lg !l)'litem 

20 having.a il\'lmjp.41.RTip.f 19'0 (ft~.}u, anu a .. themial f!,itlng df;z$6 'f'qn ~ foptl'.ly~t® (oot (1.0 ff. 

x 1. 0 ft:) .spacing. Tlie s,prl'nkler sy!lfurn w.as looated ~µ® tha~ ibe. ;:fojlector~· i.>ftkl sprinklers W<ll.1.\ 

aQQQ! $111./!m inches. rJ in,)\?~ooth me'®iling. 

fOlS.iJ '.J'l~e t<is.t pfant Willl moi!ded as rn.im'lalized•tO·devefotta predicth'C heat release llll.d 

sprinl.der attivatfon pti9fifo ilS set".!! iu: f.'.IG. 11, From the ptedicfivill pro tlies, eighty pett~nt uf tl~ 
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)na~\!num spfinlelllllf P~il'tio~ml. iirel! 27 bavjrrg •!:l tetal Uf .. ~"Qtj\lt sixteen 0 4-ij.ilprmj<l~r;; WI;\$ Piwditji.;d 

to:J,Jccur fulfowhi.g a.m~~'l:11ll11i tl\.lj<l .deliYt.'fY deJay, 1?eriod.ofiib9ut'twei1ty.seven S.~)nds\77 ·s;). A 

ruil:iimmn fluid ®li~y cl~ayj)t»'iod of aboo.t.silo1ti(:tinds :I 6. a} was idt'lltified :as the timt'! lapse to 

t~ ~. ~ctlv~ti:® 9f:the four crit1~·:1>Jlrlrikl~!J>Ji."lt tbeJ~iVt"n~l.lng hllightHJtif ftiity ieet{4if 

s· it). The fil'l!t SJ'l'.irilder amivation >'i"M pre~ to oocitt.at.ahotit one miw~ fifty"fuut '!iecon<ls 

(1 :S4)af!er ig.iiilfon. AJl:uid dciitvery qelayperidd of twentr·seven seco.n'dit(27 s:}wils sdected. 

frum t!li; r~g<i b<:,r.(~\'een ure tr\~l!l:iwn <j.'ld.itrmii»um fuild dclivety'd()lay perl,ix.ls for !es.ting. 

[.OI!!Zi In th~ ttst·~4 the. inmn oorrunqdi,j:y.ar,my 50 and. ii:.~ getwe.tl'.ic ce1iter. wqs s1med 

h~ fo11,r s.prli~J~ in <1,1r off-set.c-0.nf.igu.ra.tllln. Mtl.re $pe~ifiool!y, tl:te;.um1n'rumy 54 \lfC!!l'i!!> in 

I() t'-Otn.tnodity Wi\s• l!tl.\ted upm1 inclU.'lifW rnoks ncllizitig meelu,pright.1.md steet bemn oonstrnctfon. The: 

'12 ft. ]{)Jlg by 3 11.:. w)d.e;n1ek !11ettibetS Wl.\f(;f, (ll'mngetl to prt.\Vide ii double-row main rack wrt!J fotw 8 

ft. bays; Beam !:Qps Wei'¢, p1.\s.itioned in the .ri!l':ks at vertical tll.\r heights of 5 it.· k.1ore1tien!s 11bnve. the · 

fl{ll'lf. '.l'wo targ;,"hiTI:ays ?,2 Wl.'re e«,ch.spac...<d iii ii ili~tajice ofe~gl:ittt"l.lt (8 lt.} lllXiiit the JJllli,n nmiy~ 

l~ fa.tg\it array 5:2 oo~ <;fil\dl.iJilfi!.d, mgl1rro~ racl,:·ul;Uiz!ilg •l upriS!it ail\! s~l beam 

15 eOl'l(l!nlvtk)i>, · ·nic 3.2 ft. l.ong by l fl. wk!,ii .r;wk syoteiri-wa~ ai;r?nged fo pm~ -a single:-row ti,irgili 

i:ack vJith thn.'"C:g ft .. hl\Ys. The bi:am ·:lops otthe rack ofthe .;target army 51 were pesJtfomil on the 

fl1".or 11:nJ (it S ii. iuotements ai:x?ve the Door. The hays of.the ,main aqd target arrn;rs l 4, .16 werQ 

iQndild to provide a non1inals~ fucli ton~lldmitl llnd trmlh'Versti flue spac11 thrt;ugl1oui faa!lmiy. 

'I'heroiiilHmd. w:ger ~y·ra.w w~e l!P.Proximmelt33 timt tall aild ~-onruilte<'i {lfW'Ven vertiaal bays. 

'iW 'f:lie'stalldal'd·Clas~ID 1.:ommcil.ify'Was oo~-iructed fro:rn pa!Ji:r cups (em:j:ity, !l iiz. size) 

cmnp1~'fJ.n~'riied :in ging~e wan,. (IQ!'rttgated tm'Q.bgai'.(! caf:t.01-IB l'li<l!l~\!ii'ng.71.lrt. ~ 21 ·in. x 21. ln .. ~ch 

!"(!rill~\ COf!tj\l!lS 1;!5cµps,,:1 ~afei1'S ~},f~S·Cllps. The(l9J'.\1Paf1~ltc't\\1111za,tion wa,s accoq1pli$!\(l(.!'Wi.th 

singk"W!tlT cprn!Sat® i:ar<;!bQ~ !lit~ W.$e~ the f!ye ~ye!1 aail ve.r.,tlc!1\ in.terl®Ririg,8;i.n!l'"1 

ws~l !;:-Ort\lgai~~ ¢1Jrdboaul di:vi~ ro ~para~.\he :ilv!l roW!l .and f'n,~ !JQlllnll1S of tl!.illh layey . .Eight 
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t,mrfotis are.looi.'le(! o.t. a 't:w~wa~ har.~hvo6d. p~Hel;. appl\'lldi;i.atefy. 4r:.I. J11 • .!\· 42 ill: x 5 m. Thio pallet 

~j~~ approx~e.ly rl 9 lbs. Of \v:tlici!'l ab-Out 20%,is r,l!Per .®pS; 43% is 'vvooa !.lljq 31% i$ 

h«ih by \:luW: lOOh (?• ill IS: 3 in) loog oe.u ulC!se· bundle.soaked w~fu 4-oz. of g-$\/fu;.e ;ui:d wrapjjt:d in a 

polyethyh.::1ie bi;g. Fnll9wfogJh~ a¢tivati.on of.the fi1-:.i. spririklerjn ihe .. sy;.:rtmn H)~J1uid oo!W~ 

J(l and· disl)hatge. wM clefayed' tbr a period.of twenty-seve.n·seconcls (2111.) by way ofa wloo.old val:ve 

located filt!lf me. }W!mm:y W:ati?nmntrol valv!: .. l'iible 8'hei{JW p;oyides a s=m~ taole Qf~th~ 

.IT!()del.<m.d ii:st parameters, fo J!lduitimv Table 8 provWes the predicted .sprinkl.er Ol)emtional lttlla·26 

mid ~loofud flttlrl delh."llr}' delay11enod. next.to the nreasUJ:ed roSU!ts from the test. 
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J\!li:pf<;ij).ig fu obsCjty11:tfons: Of fhe ft¢ rem;-3,!l tw.~111:.y-.si's: jdh1!!00d.$prink,lm W.tlre ~ctl~:prlt1no 

i;he l>")'.!ii~ a94ie,'1.!.!g 5J$\e!+\. }l~l,lt)!> at th!rty-tw<l secon1fa,(3Q s,) follp>'l!in,g th~ firstspdri~:ter 

5. · twttv<1tion ro. ~!,lgpfik'llnt!y: imp®t :fire growth. Acqor.dln~ly; nventy•slx sprmklers were !letlVaied ti.) 

flJffil <l sprinkkr openilionaI area'26 tW<:i mi:m1tes antH'llh'teen seconds (l: 13) foilowlilg ilie h1iti11J 

W et~f)ct~vely a4clrea.~l.ld ~- J!ire, Additkm.al .fuatul'l!S ofdty spri:i'!ld&. syst~m rn 1)'.ltfotroanoo were 

qbser.Vl,ld ~ucn GS, for ~~ampl.e, the. extent of the d!ll;J:'\age;to the oommodity ·or ili~ belwi'k\r of.th~ fi~ 

across the aiskto the top oftll'i' tm:41et may 52 but '\Vas immedi;itel.y e&iitigufohed upi:tn fluid. 

dischm;~e, 
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prefepibly. ll!Ultn!fa.i•i.<i f'i11.!llly, !he Wl\tli d\ltll®l!\T\\te t11<1t.d~)aying .fli.U<I. cle!l:very· l\'l 1!fa)Wf(lr 
' . 

<1dei;i11ate fire .gro\1\11.h ~ lt>t!llize: sprlrikl-0!' a<::tiJmi1Jn to .an ai_~. prolciina:te the. fir() and a.vcltl of 

5 1:1ioornise minim1~ are sprinklt'it ~vations r~tnote ffu.tn thefite.·\Yhieb do wt n~til'f qh'ectly­

imJ:Y.iet rl1e fire.imd add; acldltlonlii. di:lch¢:ge v(lhµne. 

\lprlnkler opei:~onal area'.26,\iq.cf;i ofth<i: tesi:s de:fi,n;.1 at. l~·~w~ 1naild11ttll'.Y fluid•h;H>1e1y dsi!ay 

µc\fod ~bdhe ~1"re:!IP'0.\~·sfri1".lge.oommodity and conai~iqn. Tbt'!lt) tiwts WW<HlOndt!4ied for 

\l9ooucted :fur a variety of st.onig11 configuratl011i:nmd heights and for 'a: variety trfil0il~ to 

cmnmodi!Y cl:cattmces, J.n addi..1io.b,: these testS were tondncted with a preJW!'oo emooru1nem 1Jfthe 

si~inkler ~n .at t"v:ti differerd {il).(,'r.~~n& {lt di11eM.rge presJl~\reil. Accqrdingly, the iilferi!U liydtaulfo 

demimd of a tlcy/pre<W!loif apriiikl;:;t:aj'!!tefr.t 1 u is pt'iefera,bly a . .furu;ti9n Pf oi;ie or nmiw facfor!l Qf 

lS sf,~i'llge qc~npfu'u.:1di!,Imil.uding: the·act!laJ fl].lfd, de!ivci'y,delay p,ciioo, Cl:!:ll1mot!ityelass, sprmkfor K, 

J~, sprlnl<ler ha~g sty~, sprjnl<l<Sll' i1Wf!'lllll ireS,pml8e, sprllikJer !.lJscharge•pNsmm llll41Qta1 

1111.fl;lQey<:Jf ai,,-tiv11.l(ld sprinkler.;i, B.eci!U$e tlw· al:;Q:ve <.light fire tests were condU>.'ltl)d ;vith.the l!ame 

spi:ltlkk~· \IT.Id ilflr.illklj!l' cont1gu~aifon, the tesulianf nmnber of sprinkler 01iei:ati0Jw fa m<Y¥i:ven test. 

v,ras.a functi~n di'untr or m:dre of: tlle actual "lfui:d deliVl;lty dclii)'l'lllrfa.1,, cl:immodil;)I ciin;s, <ll:-Onigl!l· 

'.l\1 £oru1guratfon and opera.ti~ Oi: SJ)i'lnklardisi:hirgl" pressure. 

Pr<l!>eJlJ: ;i les$ ch~lienging fjre U:ian. Cl!is.sJH, a: liyste.m 10 .i;:~nfiguretl f$r the i:n:o(l;l.itlon .of (l~lH is 

a,upllcabk t\) tbp ~t$Il;lg~ O(:g!pll;llci:'\}S wrCl)\Sii· II, Th~ te~ ~)ts l;lenwn~i~ ihat a &>uble~l:Qvv 

r/.)ck conflk•1<>n ~~'en.ts a fwter :fu:e growth .iis. compWliho a m!Jlti'-iuw mai~gement Thus, if 
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pmertted with the'.!<'am\'! fluid U,1;1tiV"ety deley !\llikd and µ.rot.i speclli¢a1Jy, il)ii ;mm;i !tdlla!Jfaid 

cleJ.iv.ery delay.pmiiw, !noi:e;illfo.W:l~:\1i'bul<\ be ~el!tci41P. op~e befl;mi. op~tl.ng p,~s~ ill 

ao)>foved 1n ~ ;'leubli:,"-l~W ~k ~nal!iq a,~~m~area,ln .tjle-ro1).!li-J9W .. ar.f:l\Ugj.>mt)tlj:, 

{1)~4Jjlj Eaqn ~f'tl'll.t\$ts W~ C.{IQ(!U~teif <()ilt'~~ra_ge.<1.tr~~f-,•!\!11.l i)l~l!;tl\iil, ffle· 

~ resu!j.llut sprinklt,ir IJJ:>en:lti~~ :M eff~etlvtiLy o.vW1'>'.IW:!m&l aild suhdui:d the Ure; · 1'he .test 

sy&'ierl1s .1ti were all ceil~orily ~>pr.inklet ~rsren'lll unailled ·by !i:i..r.ick .sptink'lt>rs. Based <m If)!) 

m~ults ofthe test, ii illhlllie'<.!ed that i.lfy sptlnkfor ·sysfuins <Xmfigwed 11~ aoai,.-e.~s a fir., With a, 

:.-prl.likler \'igcral'.ii»l!ll'itr.ea 26,.<:liln.be tii!tl.dilll c«!ln@•o\ily sprini;ler p!'e\eyti;;,n ~'Y~fl:tll. for l.'llPk 

;}(<:\t~, tJWr¢j).y.hlfurillaiing tl1e !l'ied (1'.ir)11~rack sprfukl\lri>,. 

. forniation qf)f)~inkl.e.r qpeyafi\)nal ar<."11!' .21S haVillg prefei·al:i1y fewer than tlm:ty .~piin)4.lers and t"orc 

ofteiJ fewpr fllM twenty spr!llklci:s,. il fo belieY~ thnt :mirage ui:cupanciti!l pmtet,ted hy dr~· .spi:hikl()t 

sy~ 'havfug a mrutdmoi:y. ffuki deli1refy del:ay perioo can be hydraull.caUy stlppN'ted fir des!~d 

With Sll'll.l!lcr h.Jd,"<lu!it capacity. Jn tetri:\5 of 1Sprlnkfor -0p¢tati-0n?,l'atca, the msitltautspr\-9k!e! 

t5 !.\Pl?f<>ti011i\b~ )\av>i> lieeri:S11~1wil :it• b\l ~1ialto •or iiit'laller than hydiaulic dcslgn.11reas used in . 

cili'rci)t ~vct or dry 1.1y11!001.desjgn ~tand~td,~. Accmdli1gly, a.dry spifak#ll.: sysw:,m h~vi.ng u 

tmi.n(i!ifury fki!d deli:very tlii:l!<Y perled <;;fill produce ~ sum;imd an~ drlf ,.,.'ll ef'l:ect ·in respon.'le fo ~ fire 

growtla and can ~1\n1hl\r 1iydnw1ica11y C!>*l:fig1~ ~ir.si:~cd witli.a smaller v1,ater vplunw ttu111. 

ctrrnint:.dry systems, 

ia !lH92.I !t:shoWd. he iillther. noted !hat mt;ilie SJ;irihkllirsthat serve m provide the sutroulid and 

drowneffl>Ct are th!!rnmily ;\lltuated 'l:l'ithin .a predeterinined tin1i1 period. Moro specffl c111ly, the 

.sprinkler 1>)<Sttln\ is ~ii.figut¢d s®h fhiq: tful JaM 1.u;it\vat~d .. !il),fa1ldei: oo.c~irs. 1~dtlwi teX1 l'.\tlmi~s 

fulliMing ~ tltst tJ1erinill:sprhJ!(l~ OO.tiv~!im1.l.11 t}ie !'Yiium:t. More prefcyabcy, tne. las~spripld~r fa 

activ~ wlthi.11 eight .mijllilei> l\lld lll,(.lfi.l pref'erai)\y, tli.c lru;t sprinkler. I~ activated "'i$in i}vtiJ 
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!l1imit!li$ <'lflb.ll fil1ll; spi'ii1!det .!:l{.'ttyatk1)1 in th!\ lfylil:efa. Atjlqrd11181y, even :where 1M dry ~nk!er 

eysfean i®!ud~s I' ~/il!.ld~ ~µ!~ il~li:v~y·d~lay p"l'i o4 ou!s,ide theJ1~f<;ll:rec1 n.1~ni;n.:ium11n~ . . 
<J1'k..,;im!Wl-fWiiNidlve1y:i:apge ~h: ;piwides a mor1tbyd1-aulicl!ll:y: el'fi<;ie11t 'pP®ting:tl!'e~ a 

spffeil!kler operntl-OtJ!ll l.ll:® !)!l\1 be for:med ro xespond to''ll.fire with a sul'tOO!td ....00 dtnwU:efrectz 113 

5 s~n fur example h):test No. 6,.ll!ilillugh agt~tlli''.iln\n~et·of!iprlllklenr may be1herni.a(I)'. aml\il<ltei.L 

acti;.catitin pl!'J~pr\lvl<led, wtly q:iie pfut (FJO'. 7A} $li0wed•~t ~ingl~ spricl;far skip. f'.on:amp~'v<:i 

J.1U!'pi,'>lll.t&ll wi;ifsys(m:r~ fir:~ tl!!!IW~ 9ood~11::1.\ld Md:ihe sprinkler acti'Vatlon1~l~tted. J)ortnewet 

l 0 il}'stem te<1t, itsprink!er·sy~tero W filtilie protootionofClass lU i.'U>~>e commodlty v,;as moclclctl 

;md· wsted. the ·~m r1an!metersiooluded Cfass III C()l!im\xllty in ·a <.foub!t ... row ~aok ll!Timgertleni 

s~>red to,,: heigh:t dfahout furty feet (M} ft.) 1.ocate.d in a st6~e are)l,bavb1g a celling h.~ght tif ial>oiit 

fbrty:fiw feet {45 ft.}. Tl-re wet,S'.p1;ji:ik}.ilt systeJ~i. lo ine:1ud<ld-0ne.hu.ti4roo 16.R K-fm,1xin1priglit 

s~fic .!lfJi)licaticrx i>tru·age i1pl'i11klilr.! hirvin.s 11 .. nmnii.jAI ;R.Tl {ff 190 (fl-sec:)" .1mx1 a tb<mnill r'alh1g of 

15 Z~(>. '.F .6n ~l fq()t.\'i)' \citl~t tl.O ft; x 10 ft.) spacfu~ The sprinkler symem. was !o<;a~Q suql!.ihat 

tll!}.deil<:J!.,i~rs of foe sprinklers WCJ:C.l!bOUJl!CVCn inehes (''/a) tnmeath the ceiling. The wet ptp~. 

sylli<lm to. was ~ as closed-hr.ad and pre.ssuiized. 

beiieath i>Ui· spHnkiers in.m:nif!'-..'rot oonfigm:atfon. More specit'ie<l!Ty., me m(tili ai:~,Y54 01.'GfosS:lll 

20 l'Onnnodity Wli$ mo,'td ui-wn industrial ratks ut111zlri,g: steel upri.ghh1n(i ~\'®!. beam. coiisftgclfon, The 
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The.32f+. lo!lli by 3 ft,-~~ syste!lf~11s arninse4 to.p:ff<l:vll'!ea:Sit,igl'hillw Ui~gefraekw.ith lhr~ 

$ f!:, blfy8; The Ii®m ~I'll w.i:r~ :iiqW,tiou~!l .lµ !lle r~k~ qf tlre:tai-get. a,r;ay, ~2 f1t V'llii()<\l ti<~< heights 

f!1 $ft. ~r!i\OO~l!! !\fxNe:th~ :fiJ,ior. 'Fhooo~.of lhe. main·~n¢! lar~ai;r~~ l 4, J6 \yercJQatl~d't.0 

woyt~e i\.n~m:i.lh~L sht Jm .. 'h JOpgHwfm<il. ail(! tmµsverse fiuii lip~ thrqughou\;ihe \U'l).lyil •. ~ ll.'fl.\l,i:i 

5 Md tixrgehooks .of.tl~ arrays 50., 52 .. \~re:i\pPro:dhi.atdy 18: ft. tan and oonsisted of cight v:erti~aI 

hay~. The ov<.\l'il!l stotilQe height '>•1IB 39. ft. l Jn. (4iHt nominally} mid tl:ic ipovabfo C<Y1ting heigl1i 

was s¢t to 45 ft .. si:andsrd €WS~J~f «<?Im.tl<ldity loaded iti·~Q!i o.f the ~il41 ru:i4 l'!lrgtit~Y$ )I), 52. 

Th<i stanifat¢ Cl!\~~ ID .oopjlMdify w~ lXll\Sfrooted ililm ~-r eupi; ( ~pty, & oz .. size) 

oom.~iid ~.11l.ngl~:>Y1ill, i;;~m1gated ~~?<U'd ciirtQllll meaw,ring 21 l.n. 'K '41 J11. x'2 l )n. l~ 

\{} · c$rten. <;on~ I2!i i;up.s; 5 lay,ers·or 2:5 i:ups .. 'fh.e cnmp.!lltn:ier11all~atl0n · WilSJ!@JQn.1pti$ied with 

single w\ill l.lQm<gateii. ~bowd's1mcts to ~cpal(ate fue five layi!!'S and. ver.1.kal intetlpckill};! sill!$~ · 

wall oorm~ed e$dboard. dividers tn ~arafu tile five rowiHmd :five ool llilm!H'lf eaci11ayi'm Higltt 

ctllions ·iite TO!ided on a twi.r-w~y !.mrdw*od pall.et, app.ttrxim111dy 4i in. ; 4Z Jn. x S in. '.iJw l';>!ilkt 

weigns <lppioll.l;triate1y lJ 9 lbs. oLwhlph lilfuttt 20% 1.$ pa)'ie.l: cups, 43% l~ woot\ and. S'l'.'V<> i~. 

l 5 oorr1.1~wd C1µ:dlll'.ull:d. ·samp!lls v.'tlre fakeii..ft1):lX!.tli11> eoinmod.ity!Q dl:iertnir\e appi-Oxfrtllli#m1.tish1te 

co~nt. 'lJie.sitr1w~ w~.lnft.Wly ~-eigh,ed, placed l,p; ai;i oven a:t 2Z0°F fot apµmxju111tely '.16 iio!.!rs 

!ll>4 !lron wc~gl'!ed.agillti. the, appro~i)l};tte.p,ioisi1ue.pentent qflihe 11onumidiiy fa a~ wll()Y/I!,: b01' -

7.$ %l1Jld C\l!Y6.9o/~. 

f 019Sl Aif actll£ll fire. wst was faitlated twent;y-ane inl.ih&s <:1ft:.C.entel·frtim the center .ofihe 

20 mitlrtm'lly 1!4 usfag twXi .. i'i111f.starttlilr&cer1ufuse coitoo lgriltero; aiid too teiit was run for a ~st. 

perfod. T of tlifrl'Y minutes (SQ mn't), Thi> igtiitet11' w~. ~nstructed ftoru ;i· fa. x 3 IJ1. !11µg ooilu!o~e 

buml.le !:\O~oo ~i\fi 4 6;r.; ~fg~~ne 'wptl~Jiiid in a iJ9ly~thylene~. TabJ~9 be~ow {iov~g~s.a 

~~!l'~Y table 6f t\je fest pal:attJ.ei~s,;and-resu1ts, 
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[ll1%l Accm'.dlng to ohser:virtfons of the flrete.~t. the .first ihe (5) sp1fokle1"' (}piltattt.d wlihin: 

a thirty $1Sel'miifm sec:}fotervaf. Th~~et}ve ~hllclets·~e·un,abre 1x.) adequately «l!.\dress·tbe.fire 
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~'flrlliklm tc!llti\ie w i!ie lglliti'on 1~~$, '-'llll: suhJ~otto \Vt-1ting Jrom the fui):iru ;g.rtiup,9.t' aj)tuat«i 

1"1'rlnkl~"S l!4~ llid no'.!' <iclivate (S:Prli!kl!!r $1\lpping). 0ncetjle t]l.ird.~lngof sp;'iuk\ei;; op1»'lltlld, . 

. suftl1;i~ water flow Wl\S.Pf()\'.{dil4i fu pr-0l:u'W't the,ac.tiyatio11 ofaddi.tfomtl s_prinklei!!. 'The third ring 

<>f. s!lJii:ik!11:ts ti'> 19C!!Wd at:.i mimmMnl of.aliout &-ent;<-'fivc,.feet (25 ft,) frmn t® !IX.ts !lfthe:igllltlon 

:; !QCl\0011, -Md~';!lrlnklera ~star away .rurthlrty-fiveJeet (35 ft:,) froin tlie'\~11iiion weteactlll!foo. FIG~ 

l2A.sirows a ii:faviltc plot of the ~etaC\ivl!cloili>:mlhe.wet syi!t~1n t\JSt ili+<it (1-yoQilervatiomJJ 

'i:tin111adspn ·tr. fui!l" >~t'l'\)!!lt101l'l test, i\ w<mi.d Jappeartl:mf the pi'efcned mil!"l1bd lll.1d s~fom ~fa fu-y 

l:nimd\'lttir# tl:llid ®HV'\l!\Y ~lay ~dt;ld !l9~ld p,~yide k~$ sprinkler (llci9r.jfog, (~Ve~ a .wet sy11wm f~at 

IQ de!Mirs.:fluidimmed~lz". 

:K~u!ranlitM\v S~tri'i,.g!:!rlrut Systtim. lJ".Qr Storage Qcmmm 

hydraµlicaliy ~'!r.oie spi~nklers'2.l definiu~a :preforred.h~-atilic ile1Ji!$)J. weii 2.S w suppert lhe 

.system. W in r"i'spondwg tp a fjre even.t with, a SWI®!l*.laud Uro\¥11 l:onflguratl®. Th!.1 prelbri:'ed. 

15 hydral.llfo d~;gn m:a.25 is ll sprinkler operafromil area de~ii!i©d ·m:t:i:i the' system. io to. deil~ u 

~'Flfied n(ll:Uina! ~isehartfe'd<lllilttY. D1 from tlw.mllllt hyclnxulieaily remt~te ?t'lrinldm 21 ·a~ a 

no1¥lina1 '4lsc~ge pr.cssim: p, 1110 ~yllf.em l O is prefurnbly a h'Mdiaufical!y dllsignt>d.:i)rSt<rot hiWfug 

i)lir!J.lte pt.'!'. !lqtlllte Ji1ot, ~; Eil~/ll~Yely !l pr\.\llctihed i;ninl}!imn disqha!'g!l p!~S>.'1!1:\'I odfo~ per 

~J?ri~er, ~!l!()ibutoo. >v1lh.il-~rutll!i¥ tfogree .ofu,nifom1ity ov.ei.: a p.rnforred hydrm1lii:: Qe$~l area 

25~ '.fbe h~<ir~~:tljc i.lesign area 25 for tbe system 10 i~ preferably ile.Sigoi:d or specli!ed for a .glv.en 

.i:('lfllrrlt)d\ty undsful't\g<>.lilling h;,~t to the.most hydrnulically remote sptinklei:s ot ai\1a.in the 

system!&, 
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.most ~ydfl!ll!lca!ly rnmQt1l sprinl;:lendn. ~he ~stem l() to ensure· t!i~t tile. hyi.lrm,\li;; d!lmm:Jd ;Ut the 

rei~n4¢r offb!l s~e.m ~ sati~fiei,t Moiw¥e1\ tli.e J?rCfei.'re.d hydnu1Uc !:lesigu a~ 15 fo sized aoo 

.ui.mtlgu~ed.sµe~ tlmt,a sptjri~m' opei:ait~·'lll'!ia i(i can be effoctlyely g~rated' Mywbet~ in~fu~. 

5 t1}'.Stllm tfi abwe's 'fit!il itrowtli, P~erabl1, the ~furred hydraulic design area 25 e!llI be deriv.ed 

lroru·SU.~fttl tire tc~.suchas il'!O:m previoU$ly tleseribi:cl ~in:aoove. fa & suce~s~M' fi.i:e 

ti.ll!t, flu!(! deilv~ry thtti)Jgh tbe aetivilte\i !!prlil.kkrs pr6f~bty o\'.mvllehit$ imd. Su.bd,ues the J~xe 

gr<!V.th 1\@ the :ff.te il'litaim; k1cali*"i 1!.l the ar~of igi1hioo1Le. tht>'1ir¢ preUlmbly oops P.dt ju111p tl;e 

at'iil.y or. othe.\;W! il'.li~>rat'?. ckrwn ili$.n.ialn 11nd target amiys SO, ~i. 

liptmkier.opel'ational are4! 25. Sununaciiing ·tful activation results ofthe eight testii dlsc11J>s<:>d <i\iove; 

the .fmto\Ving we w<j,~ i:a'Oduced:. 

s1~i;ing, ea,;h lde1'.\1Hy :ll p~1.;"n'.t."U;ydr4ii!ic d"'l!ig111.1~ 25 :lbr·a glvcn conimQ\Jity, at,t~ given 

>1-0!Jlge l!ml -.~i!ing h;i.gh!s tQ mtpP.Qrt a eclll.ogHmty dry spi.i11k1e:r <'!YStem l O configure<! i\1 ai.1dres$ ti 

Jlr.e ~vent 'l'ttiH\ ~lm{JW.ld rum dl:QW.n '<.:l!flfigumtion. ..f\ fJ.,'\-'ieW '\if the r~sults furthen!hOW lhat tb\l 
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OOm.bey ofi>p.tlfllder ~\Wiltfons fuiig¢ genetftl.ly f\tlitt fout'!®lt to ~rty !!j}.;i!;.Rlera, Applying t~~ 

a\io'ii~-0~1ibed .~o®!tng me\h9d11l9gy, C{)Up!ed >V\tl.1 tiie i;~lecyion. o.f:aruipproptlajely i1R1!ll'.lliliy 

raw<i-Jmd 1'1!I!lli'liv~sprlnk;1m- Qi\pel)1e. of f)1Jlduc;lng mkqJ.1at1d:1ow fer im a1:iticip,me:d level o.ffire 

chali~ge, a hyilrm:tli¢: ®si~ llr'-~;l~Xot a.dry. ciilhlg,.only'fit<i protect.fo.n ~ysren1c1n1 ·be• id¢ntrued 

15 which. oou!!l.J,1tk!tes;; a ffa;·e"1ootin l:i·sttirage 'llc>:1,1pat11)\y With a m1rrnund a1id drow:n. c-O\tfigumtlcm. 

TM~, a:nmge nf 11ruilfls ciu1 be exrtapclarud E,. where indicitttli .b:i the tabl\:l ahove.; to identify a 

prefur:t'OO!iydrwllc design area a. Tfwr~l)re, prefeired hydrimliC desigl). areas QS <*n lw pro~<i<l.etl 

fut a!t.p;;.tmumtiims, ofcmnmodtties, ~1:~ge a1iq ceiling l:;eign!.S,. fur ci.•i;ill'l, tbooe SOO.rege, 

cilnditfo~1s '!iste~timnpt tt;lSti;µ inth<z S\l®.l;tmy Table o(Desig!:! Areas. hi adil#iw, bydrauJfo. 

rn d~gn: llt!\lal! ;)Jill f.w;l.hei· be lil)t!rapolat«l fortlrose C®dfilorunwither tested nor. listed /.l.bov<;Y. 

lOlOH As npi\m atove, a prefutttd hydi'.aulit sJef!nkk'l:.op.i:mitronal area 25,u~itr i:ruJ.ge fr.om 

about ·fuurteea ro abmn twenty aprlhl:le.rS wtl :m•e prefurobty :fttiin about eighteen tn ahGUt tWtlnty 

l!ptlhk!llrs. Addmg a f~r ufsafetym me e:<trapolittlon; it L~ betfoved thru: !he hydrimJfo sptiiikli.l.!· 

operati11rm! ilre~ .25 g;ill be si;;:ed f.ttlm: about ~venty 1P a~ut ayertty-~ sprinklei% Qn il $Pri11lder 

15 i;paclng ofm4:iy·ren foef, this ttaniU.:ites to a.pi;eferreP. ~yd:tall]lc ~eslgn .. arilll of aboi,1t 2000 sq~~ 

ll;ehe 11bo:ut2.500 ~<tJ.l<Jl'e. lm il!ld ini;ire pret:erohlyiol'b.o!.lt.22l'.l0 s9uim; foet. 

tU~!JZJ Notably, ci.u'IW!i 'NFPA·l3 s~s .s~ify de;iign are!ls to. the most hydt-auli~)l 

remote «tea of wet sprlni.der ey$lems .in the pro:«.>Ctlon of 11wr11gec 1:ti:'.l.las. t1.> abtnrt iooo sqi:iare :feet,. 

Atico!'ding,ly, lt iii! b-iileved that 4'8f1rllikler system rn c-Oi:lilgured to· address a t:'ir.e with ll> spl'iukler 

:W· operntiOilal area 26 tilh he ronfigwtd w.ltli <a desig!i'ai'<li\ at !eilst equ:;I to 11uu of wet $y!1f;en1l\ lJlidw· 

~A-1'3 fu1·siinnl;\t storage ebnaitloti$' As'alfeady shotvn, a.sprinkler system o<.m:fi!/,'Uted tc) 

i.lddte,.'ls a .. ~ <Vi!P a. mir;l:!,tµti\i !\U~ ~\\'1) .;:1'!W:it c~ ~i:ice die }Iy4m\!Ili;. ~<,')11ands on ~·~;'.leflmr.i Hl 

as qompari'Jq to eurrtmt tb;y sprlnkfoi· ~~¢.Ill$. incorp~~11g ~ S!lfi:ity pr, •'pe~ialt.y" desig~ fu.ctor; 

P.reiem~ly; tbe:pntff..U'l'lld.hydmnl:fu design area 25 ofthe ~y8tem: 10 cim be reduced furi:ber such that 
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di~ pte;ibi:rl!J:J hy~ul.ic i:!e~ign i\i.'eu21l is less tliati d~qi~ ~s f01· kn~V\:n \Vilt s~iJ,1kJ¢r syir.em.s: l:h 

!ft le11st '!l~ ~est li!lte4·11b9111;, i:t ·~s,~:wµ tiµit a.dcy ~p?iti.kJer Jl~sten~ wi: the JW>~tiOll, Ot G~Qµp ,)_ 

pjijll!ics ~h a ~!ling heilih!; f)f tlil)ty t~l.Qd~im can mi. hyd;-a®~Y. support«f by nftC!:ll 

sprinkJeti; which define 11,hy4imi!fa d¢.~\gn !,lre'a 1~ thatdhe 2000 squl'l'l'e ~t. sp-Odfwd,.um!er the 

S ®s1$ll $t!\i>dards for ~(@sysren1s. 

!OZ03l Morti lipeci:l'ically; it is bcli6ved tlliltrl;.iHire t~t data i:l):lmoM~ates th<lt a d6uhl,,.mW 

rack of (lr<i<lp A pll'i~il\l;;af2!l ft. faigb ti19rag!l. ai;guiilily ~v!ng hJgli pf!Jt~f'iim d~mandi=~.is 

PJ;pt001ed wlth a dry pipe spriilkler syst¢l:n bi.wed. l>n. openfug a litiii~d.n'®~ci: <if spr!rlkl~s, l.t iii 

fui:tl1eK b¢l.ieve;1 tl:tat!h~ ~$),gnci:iteria tbr 1y9t.l;y~'ll1~ wa~ ~l~hli,shcd b~'l.i 9n test resnlts.J,hat 

rn '11\lll.l<i:d a sit;di!ar.nooioot or SJlrlnkfors il,').t'®, :testr.esuli:Jor C'i:roiip A ~!astl~ ru."SC1ibed above. 1'.hi.>S, 

.lt1w>. bee)). tlltmtmsW(;lted tltat 100 .~gn ari>a o.i' a d!)> · spri.nk!er system tan be the same odesa fhtin .. 

ttie derugirarea.ofil wet~ririkwr sylm:l.dl. B~u,~e rook!b'tomge·wstmgi11 gmerailyki'it>wn to be 

l'llOl'e OOVCl'e 'than paJJ~fiw!i \ieiitl.tig, tl;e te~l~fs are 11!siuipf.1licable t~) pajk<tiz<llf J~iing, .and to high 

chi11lenge fires in g,ene:niL Nj:tireaver,qfu!;id on l:lPPlica&s;detn(.}1:t$t.mti11n that fue iJesign.l!ii.la fot·a 

i:; dry sprinlder sySte)l1 can be eq~rtt> 1.1r le!!S th~nthlit ;,rf a wet S)'$tel!l, it JI:\ b<i:lfo:vll!d.1Jlat tbe dl;sl~ 

~ '11111 be ~tende.d to c-OmlJ)1:;tlitl~'? hav.mg less strfogeiit pmleL.iklll d~;maucts. 

[oiO~J l}ooiui,."t'f t):ie 1>.xzltem tfi pri;-ferably llti!iZf,l$~.l'!(\iivatfoµ of f;smati i;r;.urilltlf'Cf 

sptlnkl~ 20 W prodlli.'f! aJnttWund and &o,m effect to ;.werwhlliiin .md. subdue a frre;, the 11ref<mt."f.l 

hydraulic d11eig:n aroo.25 ofilw dry ilprinkler systt...'i\1 I u i.llil11.1!110'00 b'ased up<in a reduOOd.hydi'iiulic 

ZO deslg11 mas foi· dry s~mnli:Mi: sy.srems-s~Jffed trl.l~!:ll'. NPPA·l3, Thus whei:e, fot exawple, Sei:tfon 

1:2.2.2. i ,4 of NFP:l'\d i specifies for cof\frol mode pt11'te¢i011 criteria for palletized, !ll'll.ki pHed,bln 

bi.rn cir sfie;ifs~cirag~ O:f c!asi>:tthroUgh IV eOOJ.hrodities, \i :d~i,rn ·~ ;l.60(1 sql,\are f~t Jiaving:a 

w~ den\lliyof iJ,.~~ gp1wft\ the.prf.lt~d hydrnultc 4emgn iireii :.t~ fa preferably spooifieAi nnd(;))". 

th.\';. wet.$t.~1dapi !lt 2000 square foet l1avf11g e. dea'lltyuf {); J$,gpm/ft2, Accoolingly; tll" pi.11fe1red 
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hyl;lr.a.nlic <les1gn ~ ~:5 iS pmferably:~.etthan: #:eslgnarcaS' for kt10Wi1 ~ry· i;ptinlaer sysrom.s Ht 

The d.t'&ign ~iii.'iti~s for th11 ~ystei;:i'l 1.0 11re pr~forJ.bly !h.11 ~ as !JiQi;e ;;pe;;rifl!,\(l ip:tder. Seciian.12·6f 

NFPA· 13 for a. ~iv~n C\1).tn:fl.lOOltr, stwi:lilge ooi~ im\f.ccilirlg l\eiglj.t. The.x4l<'ii¢.~otl {);l: C\lrrl:)_t:it. 

bydl·awk.t-4efll~.nllrl.Jll'S.:1J$ed in the des~ Md cqnllttU®011 Qf '<lty·sp;irilder system~ ~~.~~!! t~· 

$ !\.'q,Uirorrumts ;\;id/orthe pr~e demands ofp!.ll'fiPS -Or irthenfe\'!ices [n100 system 10. 

Cctmietili<.mtty fue P~·imii de~'ice of.the sym.em:ba!i: 'be ttr>ecifl~ to be siim!ler .. It 811ould be 

<tP."Rh.~i®d lmw!.'v(.'f ilmt drx sptlnkler s)'.!§ti;;t:ris l 0 can. have a prt:feni.'>ii'h:tdr-auHt design m'ea 25 

sized t<) be ~· lro;gi.: i\.~ de~ a.~~s sp~lfied \filder tif.e '.l~t ~vailabk mmdM:ll! .;rf Nt1~A.:B fot 

d;y api:inkfor !!)'St.ems; Sti\Jh sysli,,"mS' W .C<Ul ~till U}ana~;i fire with a surround a~ '\lro\'ll!l etifoct am! 

j () mininrlte *'!rte! discharge pro:11id!;dtl;le sysleln lQ iilce.ryiomtes a .fltiid .delivezy dda:y cperiilil <lll 

dtwussed ·above, .AC1..-oid.in~iy, a r.mge (lf design. llreas l,\i;,lllfu fur si:l!ng •a prererred hyd.wulic~iga 

ru'ea :l:Y. Ah\ :ni.l11lnmiil, fue :pl'efurroo hydraulic desi$11'aroa25 tan be at a mini.mum •!lw siw 11.fa11 

adiva(t-d sptlnkfo.< ilJli:m~fomi:i arei\· 26 pro'vldert by avail~le ·fue test <fata. 1:100 llu:•h;ydraulfo desig11 . 

~a 25 C!t!1 O~ af a,nja~in111n1 as· la,tge If!/ the ~)'$Wm .t:iem'iits. pi"i:W.lded the ;fiuid deli Wry dtiay periQd 

l 5 l~l,iffemen!$ l.\!'1,1'.1 be safufie~. 

S'pecifi~ltly; clfy sptlnkl<:it S)'s!l1l'ful m tah he'iklsl~d. !1.11d configured wi:tll prefetr<,'li hydraulii; 

20 ere.Sign are-lll! 25 eqlla! «Y the sprinkler operatiomi! desijjll ar;,-as spel;ifled fot'wetpl'ping eyi>tem~ il1 

N'FPA-l.:J. Thl.\s, the prefori'qd li,Ydrauiic deilignw.ca25.can be tisocito desi'gt;i andconstructadr.y 

pipe sptli1klet sy~1em that avdidS !!le dr,lr pipe "jjc.nalti<.~" p,r~ytously discussed I.is .ptescrihetj by 

N!•!> A-13 by t)~fa1g desig;>ed tu ~erforrn nydnnillc~y ;d le-.,,ist th~ same. as a wet system designed b~ 

irooordru11)~ vMlr NrPA-J 3,. B~e i(is beli'o'>'OO'fhat tlry p,ipe f'i.reprotec.t\O!.l system~ ca11 be 
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<k.> .. ed 11n4initli)ltl4 wilh9u1,'.fue~f,'itil<M;1 ;:i!il)~.~~ig.n peii4lt!~.Jll'.ev.fpu,~!y F~Ylill ~~ .1;1 · 

u.c~y, Ulilde~ NFPA~ ~!l:~ the 4e¥ PeJ'lllltie.t? ,for ®'1'\P~·:IYJ!!!l11i$' can be. tnillim.l~ Qr ofticl)Yi~e' 

,effmilmted. Mor~Jver; the~ h1dicate that.W d\l!!ign m$.d\'ll9~ C!Wl b~~:rtecffv¢ly usey'.I. i9f.(,!ry 

sptlitlder:.ey!>16.i:tl fir.e·prcrti,.~cl'oo ,qfootnt:n<1didt.f w~e tiu'!re is no e,'{j'stfog stan¢u'd.tbr ·MY systci;t:i. 

5. Bpecil'kail11 mandatt'iry fluid ~fnlery dtifa:y petiOOi> 'OO'd pref~ttetl h)ldraulic: deili!!Ji ~ll·~an be, 

ineorjm~~ Jntii a dry ilptfuldei: sygterti pelii;~!l so to defiµe 1Hiydraillic-'pi:ilfoti11{1nce onrerla >"11\erc 

oo ~llPh ttltel.'iil.~s 1<;*1wn. ~ ~mp)e, J'lf.P A· 1'3:prov$d~ ei'lij' Wilt 1iy~fu $.i;l.rula:td~ ·for vermin 

lll!!Sll~ vfcommQdl{jes s~1c~.l\ll C!iil!ll lH .CQJ)ml~ti!:s:, 'I:I1e PrefeI:r!Xl metl\odl.iltTW cilii.bll .~ to 

t$labli.'1lr;tceillng-011)y ~ry sprinkler system,~dmif.fu~iCla1;1s m \X!mmoditil)ll by.s~ifyfog.11 

l i.l .requisita]Jydrni.llk tiesign area ffil(ll'l'lil®ai:ii1\)' tluid. ilel.J~ d~\>):''P')riod, 

f02llhj A mai1~atm;y fluid!. ®livery delay pei:i.Qd a!nng'~mi1-thl•~'~·l'remeii hydraulic d'~ftl\ 

m:ea,zs can pi.XJYidl? <k!(sign trim from wlifo'h a dry spti.nkier systein cm1 preferably b<tdeslgnoo 

ai1tl C<l,ll~~. ~'!~ }lr.efei'ii;b1y, ~im~l1ll .a~tl \i!in,lmum .matidafofy flu.id deli'vecy ~elay}icrio4s. 

afong wifu ~· pi:ttbt<.~i .hyd:mn1fo d{)sjgn ilrea 25 ~i proyi4e de.Sig.tt ~ireria from whl<jl1 lit dry 

l;? .$J)li!)k!ersystem t:an preftmibly \;e~e~j~dµlip CQnsJni~ed. f<1r~11'mpl.,, aP,mferrllii ¢ry spril.lkkr 

sy!!tQJU 1 n C<ll'l •Ile ck'·signed and cµt)l!J:l'.l.\l!Jc4.ibr ~l!al'j:\l!J irr a t>'f<?1oagt1:ip.rw~,70 hy ldootifying or 

'.l)peQlfyii:lg:iht: pf!)'f~'l'iydrauJfo U"8lgn lll'ell '.{,:5 f~r ;rgiV#11 s~t:of.~l~ll.l~ify par-an~~!'$ ~'ld· 
. . . . ·. 

St{));11ge Space ~pecificlltions. ~pooft)'.mg ib1r w.tefbrrodllydfau{io tte'Slgn \lNil 25 preJ'~Q\>ly fucJ(ldi;,~ 

Jd~tif}"tU!$ tl11.l number ilfsp.rfakl@lil; '.20 !'!ttlJ.e rllost'eydf11uiJca!lytimi<Jte OO'Ca oftl1e·S¥.i>tei:\110 trurt 

20 ·<:;m Wfledivdy iliitiifl,Y·the hy~liau!iil re<1ujrenieµw tif thetYstem. A.'l Qis(mS.$¢1.falitkt, :Speeifyi~ 

t;he pr;ffer.ri:d l\y<~ra\1fo::, tlesi~ m:en .45 c!W O'e.eJl:tfripo!~ ft>01~ fire te)rti,ng or ot!iervri,;e,l.l<\rhtca 

. Mi.tth{\d ~filUJ!,lllmµn#ng S~&t1)nlf'9.t.~~ O@!!.MP,tt 

M'etlui'QFor G¥!,1$1!f:iltmg{lp:ftifil lJ•'$ftw C#,ti!'Htt 
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. dty .sprl'l}k!er.~'}'st$li. fur·prot~~ng a _,omnwdlty, equ,iprQer)t .,)r 0th~~ hems focafod:in a. st:orase·11rca. 

The· m~fogy'ln~uiks .es~!isllln!iii:leslgi~ e~l:!eri.a.mun.4 Vv1iich: fue;.~fan:t-'4 sprl:rai!t--r~i;~m 

lt<!ll-1'.i!)Cu~>d ·!hr.1.1. !itm:Pt~ J'!l.1d ihcwn .n.'lspi:1.n.~;i;:a:,n;~ mode~. i!l'!lti\11ted 111:id, ~\~tru;;:ter.t A. 

ti· . ~t~ sptlnkl.eN1yStW.u de.sign mcl!rodokig.ycan. b11. ~p,fuyeti to .t!eiii~ ·.i.:iw sprlnkl~ ~m ! o. 
1i)be ti:ei;ig,'1 methtli.k1lq~1 preferably geiie~l)"lnehldes elita'l:ilishlng ·at li!Mt three desigiHlriteria m: 

17.iir<!!!lett.'l'li: tlie.pret~'ed h;rtlimJlictl.~gn i!fea.2$ ~ fi1e ihlnlmw;.1 and niax):iniun 1uim!li.\t11t~ fluli.l 

d<.1li~ de!a.yp1iriods:.t{)r Are,&-y~e~p ro u- p~edkti\'9heip, ~i¢J,'W.e m:ia sptink\iir·activi,itkm. 

Pw4l~ fod~ !!Wr~d ®J.m:nod.ity pei;ug pro~~. 

!JP!lstruc~ the dry-sprinkler system J 6 ha11.lng 11 sprinkler ~~nal area 26, The pri.1brr(l(i 

.n1tfuoo0Jogy prel"1:all1y itlclm!ils:a complling:ii:lep l 02 which g~thers the patmnewrs ofthe mmag~ 

and eolU!l'.lOdffy to be !'Jro~ These parllri'.l~ pfd¢.'<lb1y include die comrriodity d~'ll, tlw 

'1om.mv.dltx ~qliflgw·~on; tile i>'.f.'erage cclllnglltight-iu.ld;1t4}' (lib.er ~¢ters ihatimpi1tit fire 

~vi:lop a fir;; moo~. a.a.ct a ~i¥e bJ.~ai l'l,iJe;i!ie pr~til;; 4in a,!! $(!f.n, ii1r e)lrunJ.'lk\. ip.J'Kt 4 /illd 

®scribedabqyc. fo a gene:l'!lilng step)!)$, thepr~dwtiVeheatreleiJ,<>e pf(Yfiie,isiit)!X.l,W '!l).l:Y·e fat t)le 

premcti!d sprlrill'let~ivationtlm~' ttl ~llJ.mlte a.~IJi~t\:ve:.spririk!er aetfvmi1m pr0'1,ile·4(}2.t1~~ 

in ·Fl'.CL4 mld ~lbed above!. :t!:re:sroragc ·and i:omnwii.ity p!!!:an'l~ w.oopiie.d .hi ;;rep Wi are . . . 

;w ftili'~rer uti~ to: identify a. pr.etb.r:rea h¥drau!fo ctesig1Nw~a.i~, 11s lndfo~'ted in ~P 100. MOre 

pref¢'rably, th.e pr.:rer~q hy'Ura\11.fo. de<'!ig'i1at'ei.\1$ ti> exftapol!(t~ from 'fuiall~hliH!re ti;\St'datt1~ •us 

fg .for wel ~pr~raysterris; 'The p,i:e((ilfx.eef by~mµll,e d~igµ $ia ':!$ 9f sj:e11 JQ6 defines Jhe 

requ~~ nmnbey of sprinl!.for ®tivat\oo:. (lm1ugh w!fiqh.tll!'!.l!}\SJe/tl, l 0 ml.!$! b¢. abk to ~ply iii !el,1.-rt 
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QllC i)f; (j}a ~tli$li\\1 fiowf!!te- of wait:.rtlroth:~r fire figµ~ lriiiteri<f!; or (Ii) a ~ifilid d·~ f;l:icli 

as, fo~ ~"tii;;nP,!~. l),.~ ga,1~ns ~ 111$q~ p;:;l' (i;i,titsqiui.h:d. 

(Pi~l '.!1W!i, In ime pr\\\f~m.'iii · c~tliUl~"nti>f ihe. nll)t1wd11l11gy l QO, 4«iign l!'riMiii. {;.~i;d:t i,\ry 

.·!>prh~dhe pret~tio11. ay;,~1hat ~~_qt;;:~ ~.IGrtit{ c911;lmlidiiy is pr<\Vld~d and. can ~; 

5 su~ru!y the- $rul'le as that of a wet 1>')'6tem specified tmdl..><f NFPA~B for u siltrllar cmiJ!Jiodey:, 

PrCJ:ferablY., ihe eoninJ:ediW fm·whfoh iM i;i.l'J' ;Jystiim i~prefo:i'iihcy i:k'Slgi:!ed. lii Ii Z-5 ft. htfill..JoubkY­

ftl\\• i)!ck uf Oro'µp A.p!~stj~ yon;;tt.\Qdity. · Altt\mativ~ly, thii! qlll:!lmodity cm'l ~ <fl1)' d~~ii qt sr<tllP af­

&...~tidftyJisted 1:~11d«N'fl·~·JS or.i: S;(i,.~ al}q .5,ii;4., l.l\il!tl.!1<rinihc ~feJ:1~ii;tivi:, ;\>J<linoually, ~n~r 

.~011ma~t~ sue~ 11s:<1S,'U.\SnjS< l,\lid f:l~m~~~ liquids pafl::he pmi~ted, For "'~P.1~, NEP f\~9 

l t) Flammable :ar1d6-;11tb.1t.~ilkl11. MqutiJ.r Code (20\Jl ed.j .Md l'1!PPA )Olr Cqlfc:ff!!r the A1am!lai:tuN:;.~. 

Star~ ¥lfA«mwil PrrJdt;ic!t,f (20!12 ed.),:eac-h uf whi>:h. li!:;il1;:orporatlil\ll. in its ¢-fltitet1; .I!)'. ~ful:enc~ .. 

Futt.liel.'ffimil,p;il: NFPA·D,additioruHooromOOitief; tobepr-Ot~ i:fth include, torexarnpia, rohoot· 

ti~, i>tak~ p?llett, b!lleiil.c111iqil, ani.l tilJ(ed pllpe.r, More preft.-'fli~ ,; tlw prefotrt>'J .~ · I 00 

illdui.fes d4iil~lpg tli,e:spiem lW a1cerq~;t«li:y plpe:~-prui~ler sySW.tn foi protecthig thhracldn 

1$: an endositre. ·nie en¢losu,ri;- profer<ib1y !)~s a ~() 1}. big!.\ e~ling; Desigi.ilhg tl:J,<; liry. spriiikfot 

im.~loo¢<;,:preferiihl}'SP•~d!}fog.a;n~tw¢rk .grRfqJ' ~'Pa~ h;'l.v:lmi a.K~-fuctol' ,)fa1mut l ;;;,a. T'.h<i 

network grldlnclui%.a.a pref~.Al. sprlnk!\)l' OJ1e~atfo11.\1.i desig1v<lf~ trr al)oµt 2JlOQ sq. 11, .;ind. the 

m>;tll._')d ~§Utthlill' includemotfifying. !he mo®lSG llS . .to.w:el'embly be at kairt the l:l;Ydnrolji;\ 

equlvfiltllihif a'\'lli':t syswm illi specified';b.yN'.fiiiA· 1..3, 11.h.t eirample; the.model cm:r lnccrrper-awa 

;w ~igri a~e-a ·S<fiis;fu substar.itjaUy ~1fusj1ol1.d hl the de&i~u crltm<f under NFP A, 13 for wet .~ygrern 

pwti!Ctliit1 \)fa <lual r.ow ~a~R sfo:rage of Group A pla~riNxmm~ollizy staoked 25 fr high' m1der a 

ceilh.igt.liii.!Jh.t {if3Pxt 

{@4l~j 1lli;J:Je~igf1Jll~\trodQJo;.zy !()Jl@.(l tb,e exb:~p~~tjon.ftl!lnava;labie fa<Hest daia, iJ!.' 

desei:ihed above, •1,.>tm furth~ provide' !!·pwforred. lJ.ydnrou0:d~g11 point. Shown ln .FIQ; l3.B: {s m:i 
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iHµmm.'!lv.e. &>n;i!zy·arna ~h for US\l i11;4~!llgniJ.1g J:i~S> spritik.l~;r b:Zste:ms., More spccfl~oa,lly $h~wh 

.le, a de:slgn i.mfnt ilr• havfog a· ¥.akie ,,r Q,& g<i!lqm; :pi:;r:mintJt~ per ~ooru. foqi (~fi!':)tQ defui.:: ?. 

requiiire ~mnt <;r~Jlischarg,td {)Ql: of a. spti:nldw. ever 11 '~lmi IW,rioo in tlmfll ~1d a glv;m,, ()l'e:a 

pi;ovldOO:~the sprinkler 'svitcin¥ f0rth¢ sy~ro is: appropdatcly m&nthlned. j\ccottllng m the: 

;5 ,g~ph tu, 'th\\ p1-eferrea ae.~igtl area faab<iut 2000;.sq. ft., thus ddlrnn~ll: de:iij;µ'Jict"~!et: 

qj:iei:ii11011ru area requirewnt.iu-.v!~kh it pre?ttre.(j \iry sprlhlder ~}:stem.~ 'bl; dr:slg~\ •so ~ w 

in hydi'aulk caiculatinn11 tbf, {j,eslgning. a d\y.pipe·~ptiJl~ w~n1 Jn <rol;Qrdanoo wit~ '!he P,!'1-'fwred 

m~t:l1ooofugy ~cri.bedherein: "The,pre:fel'l'.ed~gn ppirrl 25:~ ~~iibooa!ro-~li@s~eu,slwwl'I t°' 

i-0 ov.troon;.e the 1Z$% ~<i penalty :irtertl\'lse because rlledes\gn pofrlt ·2d I providlil$ tbl' dt;y ~~t\\:l'.i 

pl'.l.dhmian'*at 1t1ast•equl!!a:lcnt w· thc.·wct systmn p<-"tfmrnan1i\!:,· Acct\tdin!'!:h\ .atl!isign .nreruodokigy· 

ihoorporatihg too Pfei\'il:red tlcsi!,in are:~ tuid.u ~ystem oonsti'.ucted .in ileooidance M:lth the preforr<.:d 

witlwu'l jnc!l~lli!fon ~lfJhe ;,l1.1liigtJ penirlli~~. pre\ilbusly t'.ie;:ceLvil(I as R tfuc~y, uttde.r NP?A-:-13; 

1 '$ AciX.'f!ilm:gly, 11'pp1k1mt.l!S111.>its .th.al'. tlre"!Wed foqie~!tieGW ,designing dcy pipe syS'iems·l;ool been 
' ,. 

!il'.il l,l !n additl(')l1 to•prn"idfog a. dry $prlmkll:r J?'O~lc'tlQ!\:sys.!;,;m wfrt1 a.dil$irl.l.(l >;vate~ 

de!lvet?'~·.~prcrerreii deili}pl method.Ii~ lOO i.;1111be eorifi~red.fu.mect.otl'!e< requirements Qf. 

:NFPA·l3 smih as,, for ek!lli'lpk~ required wmetd~tilery. ti.nles:~ Thus, llre prefctted delii\1,n area::t5:. 

20 4lul ~dofogy ion(!~ .be qonfii,:lured ~ as'tp.a¢;.'>\lntTm Hllid de~verytU the most hydfau!!miliy 

r~Kite f.lCttVh!ie\:l spri;1k!m ~'~t1<il) a rai!ljle Qf !lh,tiif,t.1 ·~ seeqµds tt} atknr! 60 · siJ;x;Jid.s of$.l:;i:i~kler 

acti.Yllfion. J\41>r~ prefol-'ll111!j', 'thli,! i;ruMllpd,~!11g;Y· lf)l) !tle.ntlties .a;prl/ifb,rretl !1lll!1<latof;r' fl\lid:,k:livc)'Y · 

delay ~ ~<;: preyi.\:lll~Y dto;~m;se<;I AA air tj) ~91)figur~ :th~ ;;ysl~m 10 for ad<}re~~ing a fi~ e~ri, 

with\lil>1.ltrormd 1whll:own roni'i!¥J~tion, Acoordih&ly;tl11,1 deSign ~hodology· I Q6 prefet$\bly 
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'm~udes ii UU.ff.erlng ~ Hl8 v?}iiclt M1;1rit\fre&· ~ fi:aetfoa Gt: me specf.fl~ .ritali:imun'I. li)Xinkl0r 

<)~l6,nal,$n.zr ·~ be fo~M by ID.ai:inulmJtu!il d,ell\'~ ~l¢y period. P.ie:t~y, ·11w 

1\1mmmu ~iikfor !1~.umil. ~~ '21 T~ ;eqw;il to tl\.e miniQ'ltlT.\1 ava):fa~li.l: pi:ef<!«~ hydi:'<,iµl.i(}. 

\iesign lltefl.':Q; ftlt·fu~l\yStem rn. Al~al,lveiy, the Jrul,"<ixl'.llll'J;l spr!Phleir npe.taiiQllfl.i lll;ll4 is .e~ t:o 

5 '.th¢i design area. l!pecifltld um:ltW Ni''PA,13 ft1r: il'Wet,system p1~i1g 'ibe !l!lttie rommodio/, at ~ 

.sa1m sto~ewd ct1il.ing hdght-

[iiltaj '™ hufterfug step ~ei:ab!y' prO'vil.teirthOO::cil:ghty pereent of t!ie'speeHkd m~muni 

sPfulkler ~~ ~r~ 27 i~ fo .be &111'.lvlrted by lhem~>ini 'lJ,\lid deliyery delay petio!l. Thllli, 

f;,ir eit~le, wneti.1 th~ ~U),\); f!cid ~~ll\!¢ey d<iley ~riill! 1~ spooifl~d;lo. be tw~iity: !>i;d~tMJ Qt 

10 2!1rni sqi.1ru'i) f®t, i:he huff em~g ~ i®ntlffe$ tfo.it iruti'~I flui~ de!i V\:l:cy sl:rou.lcl occ11rat t!ie preJlict'\lJ 

mententth,"tt l!ildeen SF.iiikl\m! wmtld be a.cfrvaa~!. 1be ~um .. 'ring step 10'8 raiu.;,es.t}w numbtlr of 

sprinklllractl!iailcns.requt."'tld to ill:!!Jaw,m tvr.m liiiefUJJ'maximum spritt!der 11pe1:ati'!lnal m~ 'if$.) 

that Wafut can he introdm>edin'Ul fue,sfurag-0 ~<le 11Y.'elll'ller·tlirui 'ff roo j,ret¢el1t of the sprlliklc~ in 

1M.maxi:mmt1spri11kfor oP,eI-.ifai1'lld at~a27 w~"e'!'e<J:Uitedto be oothiated pri!:'lrteiluid {folfvery. 

15 MQ~qyi..')', the e~rli~ifoid qel.iveryalltY\'\:\ifth!ldiscl:ia.rgingwater·m ®i'JW u,p 19 a.dem'd sJiltcm. 

PtQS~ure,},e. CQIJJpr~iQll tiine; i(.l pro.duC.~ tfie.!¢4).lii'!.,>d fo,i~v 1!it~ at v;hlch finre; plilfero{jjy 

J.11,lbst!ln~fai1y .an the requlred $prin~ler$.nf:fue ml!J{lmu~ sprI~~ o~Uo~ .awa "J.1 are acti"l~!ed. 

!'Q'.i!l:SJ ln defumifofog step f 16. ~ tirM'ii> detennjxied forwhlch ~islio/ pi,'.!'Cel'I\ qftlae 

ma:dmum i>prlnkkr op:ei~iionlll ~!'i. :Vt fa !1tetii1,ied tilbe f(.lntte<t R~J'erdng again tq P~(t, 4,. J.!w 

2a time fapire ineasm-ed from 11\e.ptedfcted titst spd&for11ctivatim1 l1lltle ~ystem lo lo thii la$tQf the 

actl;;-atlo1i fm:nilng'tne pi:t't~d eighty percent: {80%) ufili.e maxili:n.u'J,\ sprltikler UJ11.'tati'onli! llrca 2 7 

(iefmc!! th11 inip!h~lW!1 fti.!4;! ~ive.ty ®l,a.Y,&"1;1,. ~s pn:>vl\'.l,M .In ~~ l Ht ;l'li:e' hli¢ of the birfforin~ 

step 10~ clsi;> all\:01uiffi, for il!l.Y"l'ariaiik..<s ~md $ell' imp(ict Qtt .spfiU{t~et ~eilvaii~l:!that are nut easily 

\!l!ptu~-4.Jril.!w }1re~iclh'fr11e~ . .11j;le~e ~d .sprinkler a;;;tivatlon prpfJ:l!,\~; Be~u,~e the- l!!Mtrir(Jril 
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~.l}.JQer. q~ratlo!!ill. aieii '?.1 ~ b~~i~ved to~ !Jll.the.)arg~t r;pn1xkii.\r Qperatioiial nrOO;:fortlui systen:i :1 o 

that cri;n ii:ffycij:\r!l!y ,il!,li!re>"!l·ti: fl,re w.l~ !l..i>\jrl'ab.tl:d !l'nd d.ri>'w:n effe'cl.,·wfit~i· i.>i in+rot!'uee.d Jn:t1:1 di~ 

.syfltem earll'i'!x l'.'41.11~ iJi:;l\1 llitg'.fu:ereby i\llhl,i~pgth~ po~tlility rhm. "i~fi!r is 13diy.ered top la,l.e ~{i 

fom.1 the ~llltµn simnkleN}1wi:atlo:m\Larpa,2:7 and l\{Jd,ri;>:ss. the <l;lti<;i~too. fire urow!h. ~ru;iil:<l 

5 wni;;!r Ire inirooui:ed :wo lat.e, ilitLgrowthot'th~ t.lm.m11~-~ to() large to be eifootivety l!Mrt.~ed.~y 

the· sprinklet i'(Pi$mtf01iai area l'lr ollierwiSe.1lur.~~ste.m mi>tr(.,<vett i.Ra·.:ontru!n'lOdil eoufigurimon 'i.n 

W!jidi. tlw li¢at ref $;.ill¢ fate ls dilcrellS'oo: 

tixµe a( :Will$ tJw rAfJlifuum sjjrhlkli\)r op).ltati~a,r~2~ ~· 'f'.ooned t;an be &tetrt~1ie4 .in swp. l.12-

tl'.l :u~ tlW iii~bas;id p~\ctj.ve µ~~~i.-e ~ !Jprlnkl~f li.cgva:tio11 pfefll~; P):efor)!p!y, tp,e 

minimum spilnlder.'\'ip<irntwnat •!!rea. 48 Js defined J;iy l} cf!tic~ numb'!!' spfl<l_kl~· f!C\l.>:~iorui fo1'. tile . . 

eystem..10, 1'he ~ri:Uca! number ufsprinkl0rat.1\Vlltions:ptefurab'ly pro~·ide. tbr a mini:t~ initW 

:iprfokli,\f opemti(,)!l <ti'Ca thM address¢$ a fire-will! 11 w11t¢f odiquid disd1arg;;: · io which fue fire 

coi1tlnues.tl>.'gtm'I' in i:~"SpoW!e $l'llli tMt'iiiJ ~dd!tkmal nmnber tlf spth.ilde1-s ate tl!.~1111afb' .(wtivated Rl . . 

ls: fhr.nl a ooii)p~e ~inkier operailii00Lim1ii 26.. TJW critkal nuillljj:f of spdnli:ler ootivntlons ~ 

preferably ~~~1 tm\'11 Aii\h~ight .tif tbi:> spr~kir symem Hl. Par ey/,\mple, whllrethe hi.'Jght fo 

tl1¢>spriµkler ,sys'~ µi1i:$.s i.han tbh{y fom, the critic;:! nu:iriber ufspiiokl~:r w::tivat\.&i~ ~st1«1ut two 

(\J !tmr (:2-4'~ sprh.-Ji:fors .. In storage <1re<'ls ·v.~, the sprli;l\der system is ll•!lla;lled at a hejght of t,ljirfy 

feet .or .l.liXWe;t1!<l' erlUc!\'J number Of;Sp:rlnkfor ll\Jtl vafo.'11l:S. ·lS l'I0\)1.lt llH!~ si;xJ11k~er$. !Yfua>UlW fh>m 

2D th0·1'ir<.'t prodfuted Sp!'illklcr 111.Jtivatlon,·fuis'.t!Wc ·10 predicted utltfoal sp.l'lnk!eractlvatlnn, :te,. two ~o 

fuur. sprlnhlet lll1ivatior.is pref'.:rably tlmnes tl.i~ mimmi.liii roa:uilatOry fluid ddivlt'ry·deiny pl!rlo_d t:>t 

/U!l! !ll!-i~foarei;rtn Sl'l\l' 114. To mb:odue<:l water lnw thih.'tot%:e &'llll. prent!\Xtlrcly l'ri!iy :(lii.rha1)s 

impedeihe fir!!{:;!Xl'Wt~ thereb)'pt:1,>;ieJitl~g ilietn.W:aetNatfon ofWl thli ctij.i~l ~pri:\1.~ie,rs hi ihe 

mi~rf!!!lli ;iprinkfor .Qpera\iffll,aj <trc;l.. 
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f02J5l ~nws; a dty sp.riiik;l;.ii: $)'s~s lll11i ~ p1<!lvig~d wi*. ~~ign mtm~Ju prtlduc¢ & 

S<Jrrorum and dr~~u~ing th!.' •o<J'<l~>erib<ld allov.e. It ~l9Uld ~ Jil>)fcd.thl¢ ~e ~epsnf · 

!tr1e p:refutt4i(:metl100 can l~prw,..i)J;OO 1fi .m~y t<lz'l®nr.-01-de~ pro.vkled thadh!Sl si;ep;l ll~. pn1cti~.,i to 

~nerate th~ 'WP.i'l:\priate .;;le1>i'!!n1erite:ria.. Por~:i;>ie, (he mi:nimw:n mud d4ivecy <l<;>la;y pedl'.l).i. C1.1n' 

5 ije· ik:terniliied h<ifure tke !'l'ltL'iimum fltlid dclivery ii~J.ay perltid de mm ming 'st~.p:. o~ tlw.h)'drauJk 

design area carf ®·d~tllri~ hefore either the mfulmuni t~r thl:.i maximuin fluJd delhmty delay 

~Ji~; Miili;ipl.e ~Y.~tllm~ Cll!l be d~igneq cyf i;.1,11ledjing m~tltipl6' ii'lp\il.s af.i1: pari,lr)i/!it!W:s fur on~ ()f 

m0fll sfcwage nec\it~ancic~ to be pr~ted, The m.l!ltiJ;!le·~gni;tl eys~L'mil cau be~. to determi11e 

:thl; .. ni(1st ~!ccl and/or· ~aoo:iii:al c'ilnfigl.lratlon i1>.protl:l1<t thc109<>i1p1uley; fa i\dditiQn, if!! J!e1'ics 

[.{i .ol',(,~etiicthre roodels .ate 00'1..'>"Clbp!ld,.Olle .can 1ue.porti1.lJ.'ll!1if tne· tnethtid ·w ~val1.1ate am:lfnr detetm.lne 

th<!:.ac~1i:l!.bl<Hnaifl'.ffiftl! ~lrl ~nl.nlmum fli1id dcilzyery_ d11lay peri;od;s. 

~S 1!implify the <ie;#G!\ p~e.!lll by eliinil~ing,l:\il)~Jiµg. ilte~, Ni ~~r\, for e!i.~p,1e, hi 12IG. J 3 A tii a 

sfmpllneii methi:idhfogy. 100' !\Jr ~$igning and,oonstr!ll-'!ir\g a Sj'."''tenrtO: \\'.1th a ~e: ()ffire 

te,~t.clata/W1•~H1.r liesf:~iwr tian desi~n·(;llltlitlr !OQnsttuet a spririld~ sy$tt:m H}, Au lnli;ia! step 

102' µr.;:;viiie11:fot identlffill!;l llllU cmr1pi1ing, project. cleti!Us su~b: ru;, for <::A'lll!W!e, piitat:netenr oi' ltrn:. 

$!Or.'<lge ai'ld '1-()J:nJ?lOOlt)f t{l be. }ltilteotOO, 'Il\ese parat!lOi:ei:S p1'eferab1)1 frlch1d¢ :tlte eommodi'ty i::;h1$S, • 

2\l !htr<llYml\100l1.y:oonfigu:mi)o11, tiw·$fo~ge: ootimgileight. Are'fei:ri:hg step 103' provkleidor 

ct111iliJ!ting a <l~~bai\e.ofiire te."lt data for-One or ~nore s1<:itage oct.ti!'fruil!y apd !ll.Ori)d commddity 

\Kntlij?,~rllti\~l'lS. Frum me <lii~ll\iUSe, a sele!:tti(!ll sfop. lOS Call 00 iwi'forn1edto .klet.tify a.h'Jd.m:tdi~ 

. i.!e_~ign ar~.a and fiµiµl d1:live.ry dela:Y miriod ill.at were dfuctive ftn: 11, st~irage OO\'UP,ij1\~'Y·an4 ·swffi:j 

con:mwdiiy cont'igm'l\~On ·cwrespou}ling to tile pa:r.ilm~ :cmnpilajhl the 1'f~mpillng l!t~p 102' to. 
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!;up:i,i1nta:ri4 ~~~ a,sJ!nnkl&< ~'ratl\lni!l lfroo 16 f nta~essilfti;a telit :!iv¢. Tlie ideo\ified lxy\!J"aoitc 

~<1(gr; Wl'15 M4 tluiddeUvery 4eli).y pe~!!)Q ®'- b.;. i1nplemeu~ iu a. sykltem de.~i"gn f9r ibe 

tx1ustrnctim:i uf i;elll!:ig.-Qmy dry. sprink!ersys~.;i;:ipablepfpmrectiog ~ s:to.i:agt';Qcc-1,11~ wl-!1111 

sw:ro\in\:l: !\tld drt11'l'l'> eff~t: 

'A:.ftt/iq!J oj".0$iltg Dl;lfi[ffi\!riteria:tlj Develt:1p Jiy,ttemP1ftit.ntt1Ml'!I Ji'or St1~rage 
.()f:(tupan~. 

!n11Ximt11i1 iJu.1¢ ~i\'..ery ~lay perioq, ~noorpomtion of#ie minimum and max.in1\un fl\i!d d~'!iytj:y 

!Q d<;ia;qieti;l_d U1l11:'6J:e de,~iiµt agd·~-OllStmctipn Qfttl!l,·!lprinkll,\1' l\yili;em l 0 ill ptc!brlj\'1jy till lt(!?athre 

~~ hy-wlu'cb :the a system 1 n qan·b~-dyiwnically in()del~ w ~termine!f ihe:.-pr!r11i.lers ·within 

tlie sir~1m 10 ilxFrie11.ces a . .fl©.d tleliverr t!elay tbru:.thlls wlthfo the rani;e-of tlw kici1iificd 

t.naidinuni. l\1't4 lilfoin1t11:n.mji11da1my f.hiid (jelivety dol~y' per~. :Prl.•.forab!y, all the sptirikfors 

;eoxperl!Jne-<: a.f!i,iW ddh'ery dd!iy~rlott w)fuin the.f!l.hge .oftl!e ia~mtffioo ma.ximi.im 11n4 in!hfoifun 

!;! thtld oelivtry deh\y p~s, Al~~v~ly, l:it>wev;;:r, the s.yste1ti .!.O can be cori.figur¢d 51.roh t1riit one 

or ~· sekcted t~w oftl:\>l.~'Pti!lkkmi 21}' are ))Ot~l1&~ >>iit.n a 1;:\atidii:ttwj fll.iiil deliV-11.t::Y dcley J"''1'.\Ud 

·whlcll provid\'1S .fur tlnl ihc~ at;tivatim1 of.a minhrruin,mm~ber:of ~priJ.'!klern >Ul"l'(.iun(!fugei-1¢h of 

ill,~· selei:;t $pl'inhlem tQ form a: i;prlnkl!$!' operailonal area 2<i. 

fll:Ulll f'tcll~b!;v, a,dly sptin.l!et. system l O ha\dtig a ~y<lraillfo deslgn area 25 w suP.por.i: a. 

20 5'tJmJund and dfu,\ln efl~C.t \:M b1H\U!lh~nu\l:foidly :n11.1&1ed sr:i·!IS to iimrude one ei:.1:ii.-;1'1ll 11ctlvlrted 

sptln!dersc The mqdel c&q illt'lh~r 1::-h;;i"aotew..e i~idi~w oflk1ut.1 .ami ~s through the system ·1 {) over 

titii.e fQAl~ving aij 1>.~'7\li. whicl! frigg~~ !> tijp of thi;· pthtjary ~'aret fion.trol yruve,. 'flt.e maiheinatic\il 

mod.el :i:au be -utili1'9dfo solve for tlw liquid djs9harg¢-ptl;lilsures anci tliscllll.f!,'<! li.t:rn.'l!i fro1):i (l!Tf 
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.:;umpllanoo '!'i.1~ t~e ~nandiiJ()lj: fl\,iiddcl!\i~.'ti#f.1iir, .t'i.ilt00ver,·me ~ed $)'$t<m1 ~ ~ al~ed 

imq tlle,llquh,j dl~h~l~e cl'.i<U'l!Ct~fortf.;;;s ;;,im. be t<:P#iu-edly sq]vt;!l, to l,')¥i\lpate·cl'i!iiJJll(.\."7 tt} too ll)'\,'/eil) 

.a:rea anil .miµ14ah,Ycy ttµitl di)!lv~y,ool~Y. penq¢. To facilii~ m9delii1z: oft~ dry sp:rin,.1\;1~$y:>t~n· 

S i'it a.ii to s.olve for t®:Jiq;u)d dlsch~:.µlnes ood charm:tcri$tic.s,a JJSW .can ut1Jl;r,e CtmJ,~utatieiiat 

~e capable 1rtbmldin1ra11d snivi~:furthil hJ.draulfo perfortm.mli'l:,;:if the l!p:rinklet JO. 

Alt~nw.t.l'\!cly, t\l itei!l\tvlily 4~#iig illld 'mQdeling the ~em 1 O;a ~ can peyfilca!Jy bwltl • 

de'\lice~ ~(1 achleve,t~e de!tlgn,edJj:tiHt4e1ivery 4eiays ful'$cb s,,>lriril<:.!er 0.n tl)e diwft. The.sy;;k;!1l 

Ji) ·can then ·tXi fostel.! by i.wti v11.iing miy &'Prinlifor ln fu,e ~'.!\ti:w;i ru1d ~t~1ijJ.!ng wheth~ th~;!:1.ui~ . . . 

. ddi'Vi:>U' .trom thetii:imruywamt~)ntrol valv<.1 to theWst;iprhjliJer.ii;.wlthi,11 the·\lesigwqi:ite¢a of tile 

mltiimunt<md !nlll(Jummmm~datocy fltlid d~livery dela~).leliod$. 

l~:lt<lj T!te prcterred.hydraulfo desfgnf.tea2S'and 'tnanclattiry flttld i:l..;;liverydt:la_v perit,ds. 

dclimr ~ ci.iiti'i!l. mat~ ~ intO!pl)!'llied tor tli!i.'! fut~ ooi:np)ll,ilf§·St0p. EW 'Uf llie }ltcibrred 

l 5 d~ign !r\@~li)kigy HI() \!!! shmvntn tllll' flow \lllmof Fl(l 10. The criteria ofl!Wp !20 ~ be 

olilfuid i'!l a ~~igil·~d oons.t.r11ttiQn atei11:2l ~ lI!Qd<il.mi,d imp!~~ tbli). eys~ern l 0. l\.fure 

sped.f\i;a!~y,.a i$1<y 1iipe 11pr!nk).1,,"!' s:y~-tem.10 for pr<:!i\\'ction ~fa $~~1 ¢t1rt1ruodtly Clll.1 be. !fl~lci'I ~'Ci 

as W·oapiur~.the 1\)p~ .dhai:acte\"istics,, pipe :f.ittings; !iq1J1)d sqim.-e; tj&er$; sprinklers-!>;1d vatlm1s inee­

type o.rbranchi~ mllitl&ura1fons \'iiiile Utl<:ou!l.tinj! :forthe:ptefo1-red hydrrrulic del!ig111wtm and fluJ:d 

;zg .delivery i,ielay.1ltil.od. '& n1odet mm r~ inctutle cl'mn~ fu ,piptr&i¢vation.~~ ~lpeht.aim!rln4» 

~letffim$, or otfuit flu!<! ponttei i.fuvi«'s. Th~'dt'STuned'dcy sprli1kler syi;tem cmi. be 

ina'lhtmaHe~ ~d \:f)'.fl\\tiµi:;Uly iuod~cd ro l,\l!Pilll:l:! and sfo1uliite 4'fe s:JeS'lgn t.r:!teri\\;'mcliillmg the 

pre.fur.rad :\IJ'il".il!lfo des!gn-ar.ea 11n4 the ftukl de!\v~i delay penoo, The tllfid ~~frery ~lily pe,rloo 

can be ooj;redcfUJP 11iµj.ulated uslflg\l,f!(,llt)Jm~!'lr p~gl:am: (!escii'!*.1, ibr.exnmpl!)~.in l),S, Patf:nf 
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A1!Jlicttrlm1.Na.JW!M2,lf17 fil!l~ Sei;rt~}lei' 17 ,. 2904~ fllJ.lHislied ~ t}:.Sc ~1tent Puhqc.ation N0; 

2®$/0~J(lZ4.1, llJ1d entitled. ·~,st~m:;md Mc.tlll:ld F.i>r:Eyatua'tiQ!J ot:J'lui4 Fio:W il1 fltf!:uing $y~t;.'lll," 

~vl:licl1 is li..1'1orporared by .ref!l!l:\"t1>l'il hdm entirety. To.modl!fa ~prl1ili:kr :.':)'ilti:m fo tll.)Cordan,:<llwhf! 

lite -n.~i1i:erla, l,\i.\0Wer~qftw11:re µi;ogriun'can be 1.l.~ tlmt is capil~fo: ohi,..·1:r11encirlg s~nld¢r 

5 act!vatfo.n.and simulatln~ lltt!d ~!)Uveir to eff~voly lMdd formiillmf !!!id pedbrmlitlce.: ofibe 

·µtcfctxed ·iiyMfo de:tign area 25. Sueh a sotlwar.e 111~kiliwn fa desctib!ld in PCr. hrtlirootforuil 

P!it¢nt Appli\i4li):ln tlli,.'4 on. Oct. l; 2-0!JJ5 {lmit:ied, ''SyS~ :and' M~thod f (ll' Eva!ullti:OO m'i~Juid 

Fkw; ih 4.P!pil:tg S~n." having J:)ilcket Nu1Abei·S·~'B·00091WO (f3434.029WO}and :Qlalining 

~rlt.>!'.ity w 1J$. Pl.Vvisiomil Pal,ent Appl\catian.f)i)/72.~AM file,&911 O>:l>lbe,ir 3, ;4t1Q5. I)e~i;rlbi:xi 

l 0 fut1rein Is a c<.1mputor pro~ &ndiis un!iQrlyinj;(. a:lg.;irithm 1'!rui OOl'JWl!tntioilal 1mgine:; ~t per[:orru~ 

sprinkler 1>;rstem desil$)1,'spti11ktlll' ~uemilrtg and sfrnuhites fluid deiiveey. Aecor~;suoh a 

~pmer program cai1'des~ imii dyiianifoal!y inl'itfula spl'.i11klet system fot.f.iro protection ofa 

gi:vllu 1l-O'ln!li1X!ity in a g,l:vert_!i!<.~rage ai:ea. '!'hc dei1igned. and rOOdelM spririkW!.· SfSt!Jfu can fmiher 

h'imtil.afe and.~eq_Uimre Qf sµl'inkler, ~Y\llfons iP. ~~ce w:\tll 1~ tli:tl(1><b<1-'iiilcl predlc.tive 

15 sprlrrkl~i: "1oih;at,i.on prQfi!e 40:4, disd:US!le<l :ab(we, ta dyrmnfa;.al!y 1no<l.cl. the system ~R :nie 

preferred sofuv~re atlpl1cAtlonZoomput1!1:pri!grarn fo als(J.s!l~n ailQ des1..-ribed In the. user a:noouru. 

entitled <!Sp1·i11li:.l'!Y(t!i>l SprlnkCALC'rM: SprinkCAD Studio :User Mw,iual'' (Si;pf, 2;110~), 

sim.u!aie thli) \~'if travel. through the.system l 0 t,it a sp<Wrfted 1:1ressure uuktmmine if the hydnuitiG 

W £lesi'gn crl:t6ria ~hd tbe'Jnln:imum Md mmnum nmndat(Jrf ililid ·deliw'l'}' tl'me t:riteriirnre li!!!lstled. 

lf ~~r <l,facharge :fails in: t)CCUf ·iis pl'.fldic.tild, !he 'ino(j.e~ can be t11odi!fod ilccotdiugly to deliver 

wit er 'i>'.Jm.ln .~ r~T:!ite,menfa of lli,e p;:e~~r11d by$at!lfo de~ig,n wea ;iul.q the m11udruwy J~ul.d 

tlrili;\'.ery ~li.,,q~, :!for ~~i.\ p)pfag i:n !he modeled $}/Stem ~.!:le short~med <)X lengthened in 

01rler !:hat wateds •tll,tglld :at :tOO ~ii11iio110Hhe tlt(d deli"cr:y delay per!bd~ Alternatively, tne 
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d~gri~ Pive systei~.1 ea;; fai.\!u~~a p(11np fo tSomply \;:ftl! i!je fluid delivery i;(!ql)ireinen1*~ In ono· 

-<J,.~t, the,.moitelcmi ·~ de1dgn-eda\ld i!irnitl,at<i4 wi\ll..spr~!lf aiiliY\\!il~l'l ;it' the roO,,~i hy.draulic{1lly 

tlqw ~uc4 that ih.e.'\ly.¢ir1.n.1ifoJ,lesiiµ a1't'i_a 25. !!all be.-therim.illym.ggered. lvfore11v11r, t(w slrnu!~i~q-

5 sysr\lm can provide· tot seqwm~ the'thernwhictiwtlions of..prefurahly tlre. fotir most hy,dr;uilfoally 

remote $pdnklet:s w·solvc for a sirm1fated ftiiid dell.Very delay perlaJ. Aiter11atively, thi;i nmdel oru1 

l Q. ai:tivatfous cyfpre.f~ably. i.he fonn:uost hydraullcally l(l(lse-.~;$1~ to !}olve tbr a llimll• ff!.lkl 

·cJelivezyi:Wf4ypeifod. .Accqrdlngly, the·model ai1d simu!ldmn of:ihe~prinkiQr f>J'!l1.0¥!l ~;iY!lrl{yfuat•· ·. .· ' 

. the' f.!uid ootivei:y to eaeh spflilkleir l1rthe SJl!kill.t fuiiiJ '\Vfthin il1!U'.'<lflge of the !\JwtiJm!m mid 

mi.r\lioj.ll:n .tlllid {lellvery i1ri.1e..~. Dytlhlnic i.oodclin:g and Sin1ulation oHi sprinkler zy;,iem pe:.rmhs­

iti.;!'!itiVl:: ®.s\~1 tee!miques to be !l.Sed !o bring spriµlder syiitem perfom:iani!e in cmilpllmoe '-v.ilh· 

15 · design-cri\miu 1~ than re1yi11i,t -01,l ~erc con$'Ucwn !l100i.ficatiomr nf phYsJ.cal plarits lo comct 

fnr pon-tQmpJmru;e with ~~gn ~'ficatlQ.ril!. 

!l;Z21.l ~1io'!1!;11. in fiq. t 4 l'l ~iil\ll!iratlyc,!.'f P~b~ 2® fur Hcrati,,.-e &slgn m,id.dyillttnic 

rmidelfog.o.f 11 J)ffipl"l~lld. dzy sprink;lcr syl!!em l 0. A model. .~i be c;:insfrncti;rl to define a c!zy 

sprinldel"~'l!!iltn l 0 tt!I a; netw~ of~ii:rs ®d~piping. 'r.he:gri1.tspad{ig beforeelf<>Jl!i:nlder-1 and 

~ bn\rieh lines of the ~l'il cmi be specified, .lbr ~ample• 1 O.it. by ht.Ji,~ l<UL.by & ft.; Qt & ft by_& 

i.Lbi;tween sptin!ders. T!w sy~ C!1ii be irtotleled·+oinoorp1.mi.t_e speciffo. sprinkters s.ucli. asdor 

oX!lmp!e., Hi.8 l{-JW;Jut 28.i'.i"Jt uprjgb.I sprjnldt:.fo h,l.viiJ.S a. ~i.f!P app~foali.m~ fur Storage ~1.1ch aidhe 

ULl,JV;. Kl 7 sj1dnlder JltoVidetl by tyi;o !lfrc atld aulli.li!lg l)todµc!'li ;a.ru.l &10 wn arid. d<\scrlbed. fo 

TF,P.33 t•<1 she;;t~~tloo ''Ulm!. .K 17 ~ 16.8 !(.;-..fuctQr: Upright Sj:let'il!e Appli'l.<JX\on Cimttoi Mil\le 
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· Sprii)kret Sti.fu~Jlfl,l .~onse, 2&6"F 114 t "C:'· ()\i,[!lrob 2006) wJ:iii;h iS illt-0rp0rafo.d.!n itli .oolkety !iy 

~fill1~11ce; However,.atly suitabi~SJ;riiµileroo.!lld be used wov.ided fue SJ')J'i.o.k;!ei: crut i;rrovl® 

~ufficfond'!irl4'Voli.mwaoo !.XX>lingde'!lltQ brjng abo1.1Uhe $1,ll.:fOUl'ld Md dl:I?~ etl'oo\, MPre 

~il'i.~lly, ~hi;. s11iiable.;;pnnk!er pruvid¢s a sailsla.;ro11 :flui.4 distiliar¥« volume, flmii. i,tisqlJaTge 

5 y¢l'Q1::lty 'V~r {directfon. and ~ti.1de) and :ffui:d dt0P!ef size· tiiBl:tlbutlon. Iha.i.mp!e,s ~f h\her 

suimJ.l.le,spfulklel'S:ifac!.u<le; buiar1$ not iimired:to tne foU(.\\WJng~~-prlnk!e~ir pnrtncled.hy '.!)'ti~• Fire& 

Ih41diri:g Prtxlu.ots: ih!.! SERIES l~L0-231-11,2!~>Fat-ii>t11pi'ig!it aili'! pehdantspr.l®~;:miindifrd 

Fi;ii;p~ns~, &\\\ti~ -:uvei'iige l;da.ta ti\<~t TFPJ'W\J~ .2Q(l5)}; .tbif MOUm, K l7.a31- l ~.8 K·F'ai:itor 

ui~hl andplll;l~ljl'!t spri,uk!exs,.;itan~droi;pi;inse, £tl\11dari:( 90v,erage (Q!lfit ~;it TFP3~;;t {fan. 

id :?.Q/)$)~; tire MODEL BC-25w 25,2,K .f!awel'tiXt<:niled .ca~e,nr~ density 11ptl~lit sprutkiers (data 

sheet TFi:iat:t {Sept 2004),);. models :1:<:,">:FR-25..ZS.Zfcii\:A'actor (data :;Ji,~ TFPJ 12 (~tm . .2005), :m:SFR-

17-16.8l(,,fu.¢mr(i.fa:i&§lme~1~11S(Jan. 2005)) (data.shll~TFP:316(Apr.2(l04)), and fiSFIL~l-

14.0 K-mcwt(datashlle! T'FPllS{J:uly 20D4)) <tat!y' su'pptesskm .fost resJXmse npxlgbt and.pend!l!ii 

. sp!-'.iriklets, ~ch of fl.tich is (lh9',Vh aoo 4e£K;'ribt!d'in lts.rellpelltl\ie .data sheet~ which are Incori~llrateci 

lJ · ~ refc~ilce·jn ti~ entkcyty .. .fu. ~diifori, ilw dry sptinkle,r ~-yste,m model can. itli::o.rparate ii 'vaii>t 

~i:,1;ply «"wet porti!:m" 12 of the zyst<in~ oo~ied;tfJ tl!e·ili'}' )70:rtion:14 \lfthechy $ptlnld,er .syste111 

i 0. The nw&.ek-d ~ po;tfon 1'2 can i~lui.k the d.ev,i~s of~ pri.i:i;iaiy ~ C(li111:(>~ val ye, bac!d1ow 

prevent!lr, fi.te pump, vi.i:lvi.,-s l'll'l.d l.lSOOC!ated'!>iping. '.f'lie t!ry sp1'!er sy~'te111 ·c;ui tie further 

ron'J~gured l.IS a tree or tr~ \'iilh· loop. ceiling'l'!!ll;f .ilf.>~m. 

flj)®nkn1i.ll11rea26 bY,sih1ulating.:a:~ of activ!l'ted spritiklers·.for:~ ;,'ruroiljld.and drown effect. Tbe 

SprJl'lRlet ,~fiyati<illll 'lll!l l{C o?Jq~ee.,! a\)CQ.n:Jl.JJg t\? <1lref defui.00. pat'.am¢iet:i• such.a.~; for CX!llliple, ~ 

seqUii)nCa ibaj.JVU>.l>'m;~,ptptlictfl(!~~ler at:.tiv~itfrinprofll~, 'The inoool .cai,1 further iJ\coipor~e 

tlw ~J'b,rroo t!uitl 4;;thwy delayJmrimiJiy'Sl1nnll!ililg f)u.iil and gtJS trl>vel :through t~ '!.':l'S\t'.ln l O 
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Jmti ,1uf :&rii;O t~ amiv!lie.il spi:iu~l~ &e}iniaji;. t1m,ptefet\'.edliydr\lulfu <;te~{gn iltea2!l. Tlm' mpgde\l 

Huld dcllv~ry ~~ cwt.be 1;.-orrlpll.l'.e(l ,k} the !!pe~ ltla\l~ofy fltl,l"d <1t!ivery delay.' :¢riod:hmd the 

syiit....11:i ®dro aqJa'!t11d all00rdlngly·$.Uc)1 thait~ :Ru1d. ®~v.my U!'ll(.,'S ~-ed». \Jliltµpliqnei\ with:~he 

riumd~;;ify.111;1.\d di!lh'llry de!at:verkia, Front1£ propefly. mode!ei!..;ind c<>mviiant,~ysl,c1:n.10,.ruJ 

5 &c~iai ilry ~prillkler's~"!ll 10 ·can ~ ooti!ltnl<..'ted,. 

!:iy!it~-n l lf cl!;Signl:cl fo a~roa~ with~ pr<ifoTI;ed' iliisigrt: rri~Jdokigy de~'fiooq. aoove; 'The 

sym®1 Hl' i~ pre!j!ri1WY tenfigured for the Pl't®ction tl>fal:lt&l'agc ~X),1.!upjw;y., 1lie ~Y!l\:em lo' 

in.dudes ;a plur~f1:z of.sprinkh:n(~Q' dfawseiJ.J.w<Jr 11 pxatr;ctfon Ji!'OO,itnd.lwneaili a ceili;ig, Wi®.n 

J t! me stomi:,e.!!l'~ is at iwst one rack Sil.of a st~. cl:in1m~ity, I'.refi;:rahly; the l'(l.lnmodity f$. 

eategarltl:d under N}1'A·1~ oommtidliy·ciasslls: Clasir f; tlassn, Gll!Sll !rLand Class 1V andlor 

.<1toi1p A., (h:<mp B, illld {ifolJP 'C pla~iics; Too tack:5.0 ill located l.ietv.'0011.the protection :atooan:if 

tl1e µl~r.rality of 11t)l'hili:foi's \:IQ', The §y~<:h1 · l 0' i:rn:!~ a' n.elw<trk tlf pipes 24; that are .ronfi.giired · ti.i 

sl,lpply wat~.tD the pfa;a!ity ofsprink~~!120', The m:f~nrk: of pipes :24' ls phiibntbly de~lgnoo to· 

J 5 ~liv~r .wa~i Ul a lly~u!.b design !ltea 25'. 'file &lslgi:r.11rea 2$" fa oonfiguted so W>:t<> iiwliJd.e 1!le 

·most.h:rdt:iiull.cally remote sprinklor in tile p,lum!Jty ~)fsprl!ikl~ ;!O'. Tue 11etwQrk of pipe,'1;14'-.ilre 

prt.11~.ttl\:lly Ji!~ with a !!!'S untll.at :1~ one. of the spri.U.lei:.s:. 20' is a(;1l'vat<.ll.l or rt prhuiµ-y .:o!)fiQl 

· voove·i~ :acioawil. ln :aecordlinoo witrr tlie .design mG!.lwi.!ofogr described abl!ve, t!ie desli;n. ru:ca 

ptef<lrab! y'eQh'e~1milds t-O·tb:e de~igu areas pro:VldedJn NFPA<>'l 3 for \\<'ct: sptinkler s~isr.ems. Mor<:.' 

20 iirefutab!y, ~ d8lligi) lll'M Js ~niv~t tn ·200011q. ft.. lil. atwmitclv.e 'iJmb(idiment,. the d$ign at!:a ls 

·foss than the design·!®as pr-OV!/le<l i.n NJlPA-!3 for wmsptinitletsystei\1.~. 

siirrot1J1d and, drpi;v'll effei;:t, existing wetand d1y sp;j/lll:ler o'Jsfull}S can be rclrof'i{te<l t{l e.mi,!.o; I\ 

·spriilk!er o~ratkma! ar.-0<rto protect a :Storage oocupancy with the. surro1.ind and drov..'11 effe;:;t !l1;ir 
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~stijjg ~t>txi$'.l>'t¢m;"-; a, eopy~~ion :to th~~ syl)tein for ~d aiid ~11 effeµt <ian oo 
~mnplfabtXI by 9J;1rw~ling th~ sy$i;.>i\1 ·ui..ri ilry ik~~!eii\ bY. fo!l!tW,w·of;a.pr~i.l'Wywate:r. \'ionthll 

vl.\lvf? ~i:fi;ie~<1Sacy oompt1111JA1J;S tQ:~~ t\iilf a iJ,llindato:ry :f!:ui;i'll~)lvery 4"1l;i,y i:ii;r!Qd w t1ie llJ.PSt 

h;t~1itdiC\l,lly rein<l~ 11']"!Iln,k!~riii ~tttljne,d, Becaus~ too iave~tQJ:S.bave diS90:V.L'l'.ed thP,.tJbe .bydr~ulli; 

5'. dcsi~·iniherpi:e·ft:ned erobodnn~l!H1lfuepreterred ~'lll.T\Jllnil ai1ddr.Qvm sp'.rfut<J11r.sybtem mm 

be 1'lq\i1 vale.at to the li;ydrauHc. de'sl$11;.1reil: of a wet system de!i\!Pled under'NF'PA~ 13~ ihosa !Jki1f1id;fo 

ihe art can. readi~yapply' ~he t~bfugs.0f t~e sl;Jf.ronl;id ill1d •<!town' teelinitp.ie fo 'exiliti!tg wetsystems. 

Th\\;),, apj'lilcatl:l:$ i/ave l.'Jrovh:led:li:il ~nolhkal rcid!iltk ~h:q<l foroorivefthig ex!i!Un1P~ sptln.kJ~-

1"i'~wn.~ ·Ul p;e!\in'lld. dey aprl.n~ier ~y~nlt 

to lit22~1 Fuiihenoo~, t.':wse of~l;,ill .Q~9 blkeadv!l,l'l,ilige.\'kfth;;@oo@. lly.;lr1wlic di~~ of 

{jw.~ft.')'rl;ld llj:lritik!ei: ~\~rational !11'.¢!! in a Sum:)).Ull'.,I and drown. s;l'Jitl;m to 1nodify <:xis:fil:1g <lry 

systemsi\"it:rro~ fue srun<J oi:iemtfonal area~le,.ofsurrounding ll.tld drowning a fi:w,, fo 

partroalai'; t'Oiilpoil.CI11'1i suclnis, ·for ~le; atN-iimuiarors or aceektatOts can i;e 'adde1H<) ;misting. 

dry &p.rinldei:.sy&emll roerisure t~tt\ then:mst. hydtauljC!lllyrornow !lprin.kte.r in the•systtm 

l S: c:iqlefieJlOO,$ il n~!!ndUto\:Y .tlmd deliYilty iliilii.Y, upon m::U~tion of tile Sj>rmk!t.>rs. The invent<:ii's 

biti1;W.e. an ~sting wet oi'dttsprmkler 4y~n1 I®qflgw¢,d to l\Qd.mi$1J.:i:ire with it!\)lITouiid lin.<l 

~"''ll ·effict ()lll'.l. ellm.ii~aoo or~!~ mh1m:ij1.e the ecol1ol;lllc diSllllvant~ge$ ot clli;tenl'l:l))tinldm' · 

. syswws. By (1dl;lmsii1il fires with a: si:irrqun:d and. dr~)Wl:l configu.rati,ii1 unnooi;>ssacy watei• di!\chilfge 

it1ii.5f he avnidcit MO!:OOvm:,. the invooturs'oolicve that tlre. nre·prot1.>ctlon proviUed !)y lire ·f1reforred 

20 · spfo1lder op~ratloo1.il ~1rea ma)\ provide !:Jette< ii.re pmtectkm:lli:an.the existing syil'.em.s, 

CQnfii?;\i!'illioil R} addtf.'S.~ a ,t:ii'e mi!l tl:!C: iiivetit'Qrs'. ('.Urtl:rettleve\otitnoorof mcthod11logies foi·· 

it1J.11lf:m"'iith1g $~tdfa Sl(Steµi, Vlilfou<r $YJ!letilS, stibi,7stem~ m;id pro<.~>.llles 1\re.1\m;;:avall~le tbr 

pm'<'ld,l!tg fll-© 11mre-0liwi OO!:J1PQnents; sy~m~; <lesjgj;l ajJpi:oach~;; 1).llil ap,tilicatfona; i-irefcrali!J for· 
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9i~&~ qcyi.q:iaiic~; 'kl o~ er fu.ore plirlia';i :.u\lh' ici intermedta!;Y 6r end ~ &tit~ as, fot~llrtlple, 

l)re protedkin ~tl~t\!).l'll,.~ppiilJll'S, l)OntrU.tQl's,.instaU(;l'S, :l;iul!4ing ownefs .and/ot k'S~~e,~~ FO.t 

exampk\ u :pmt~~s can be j:il<~ided :for a method of il dry qp;!Jing·only fi.~ pwt~1ott.$J~m tlm! 

.1Jti1L".!.~Jlw iiu®Limt . .artil droWl:l effect. :A.dilithnllil1 or alternativcly )?ro:Vided can ;b.e 1'l: 'SJ;>tinklcr · 

5 '4i1.t:mliffod for i1Se'in ~uon !H{~stmn, ~ tJtlJVhled can be:.is.11: ctJm,Plete ooilfag-(l!liyfl.m p1·()toctio11 

i'lyswm \'mlplo;iing a the st\n:oudd all~ dro\vn effeet·and its design1,1pp1«100lr. Offerings of fire 

.protectio11s,J>Y,Slems ~ iill rnetbwo!ogie~ mipi.oyi:ng a surrot,IDd .and dmwn:er.recr can lie further 

-effi004fod iti <let.':ign 11nd ®~mes$-tQ-b11sio~ apJ:iliC11tki~1~fut i'il:e pi>ot~\:km prod,U.,.'t1 !!Ind St:tvk:<l~, 

{tt227.J fa oo illustrajivi; i\11Pil'ltofprov,ld:ing·11. devl~ <11:!,i met1wd of:fir,e.,Prote-0fo.111, ·a 

ltl sn;i1Jk..l.i;)ds pxefernbly ohtliiined'for use fo a C<.?Hing,only, pmforal'l!y dry sp.rhiklet J1re, protectitm 

$ysW!rl for tli!! vmt1:Ctlon ofa stot~t.1 .otcupam:y, :Mi>~ sped'fiea.Jly, p~t~nilily. obtained iii a 

s)?rinklet 20 quiillfi~. for ~is~dn t1 dty ceilb'lj¥-Ol11fftre j:i1'ot:ootfon ~ein fut ~,stotage bccup1:1.nct 7() 

-0vi.lf ~ 1'!'1ige ~if availallie Cl"1in:g, hdl!li1'& Ht foi the protection crf a stored wtiiln6<lliy 50 havin!);a 

p.tt1gi; ofdfl.,,'!;!~ficatiq!is and; rMge: ofstp~e-beigbtslt2. Mpre preit:mbly, the sprfrik!et 2o·is 1tstiid 

13 b.y all: qrgani;r,atjm1 nppmY,M by an ~10fity hav.hlg Jt!ri.~dictl~n ~ue;11·11s, .for eX-ru,i'lplC:; ~fl' A or UL 

fur ase in a.i:!cy:ceiiing.cmly fire. pr-0t~iion: ~ysttmi.fur fire prote.ction of, Jb1· e;.'ample, a11y one of a 

(~loos I, lI,. Jli m.lll lV cnmmodity ,rangh!& in storog~ lieig!i.i .. li.:!i!m 1Jbput twenty foot to almlit ftir.ty.t~t. 

(<!040 :ti.) i'lt il.remaiively\ a Ortm!l A pl~'tic crnmnodity .. hav!ng 11. st1~ height of alio:ut·twen!:f, 

foei. Even m:ore pri.,'fi:rably,; the. sprinkfer2!l is·qua!Ji'!OO fur use in a·fur~mng-only ftre;prote~a<.m 

:W ~yst~; ~;!oh as sp1i1ikfor sy~em: 10 l:lesctJbOO above, con.tlgur<id to aiidi:'ess.if·fire l;W~l.it Wiih a 

$Uri'oond .an\! dr'ewn e[fuo~. 

!Ol~l f)l;it?.lnl:i.lg tire: ~1:1rably ll.sted ~fltiit1tl~ can mtire ~pe<iific.Wly inclutje iksjgnirig, 

tnamlflli\Uring lll:ld/~.acq_uir.iJlg l.l}esp.ii;itd!l;~ ltifonis!; in<l,.tl\'Y eelJ:jng·rutly tire pratectiimsl(~U 

10. Designing or mrurul~lng the ;sprhikler 2il.inchldc$1 a& seen ft1r .exljlnple h1 F1GS, 15 and ! 6, 
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trpt'cl'e-ri;.ed.l)prinkhlr J~O. m.i'{iug ~I·spti}l~lei'b9dy µ~ wit!) a,n.·ltilet 324, oµ±!el' 326i\II4 !!. pasiiageW!\y 

32~ t~be~weei.1 to del:lne a.:l\~fai;;o:;: of elev~ (J l) 11« grea:tl!f ·!Ina. moijl j:)fe{~bl;i,n ~dt s~'Vl:~~i 

l;ll1d ~11 i:nor;; prefei:abl:r of.l\bQtlt l !i'a; 'I'he: prefetrc>d l:lPril}K;let 32() J:s prei~Iy co.nfiguted a~ ;<!l 

M£)'1~t !Jprlnkl.et <!lthougn · oflli,1r fosti1l!e,tion \:l)nflguratiqi:is./.!re.ilossihle, Prefem~y dis~ 'WiWin, 

:5 'fue outlet 326 is a i:tosure.nssmnbl~ 332 ha'ldng a;plme.inember 3l'2a amt pfog memliel':~!:lP.. J),ne. 

e.mliodh:utmf ofiitl: pref'etted spniill:ii:r 320.fa.prnvided as the ULTRA K::l7 sprinkler from 'i'yoo Ffre 

~ ~uildfog Pro~t11,.ai $ho'IW! mr;i pe!!!:ril:wdin.TF~Z\3 l <!$ .shem: 

l\l dl!!:t in the .fuce-0:1' .sacl! a ternpe.t4ture, tbe·trlgg$'.$,.'!S!}nlb1y 33!).ae~uat~ ti.r /.itapla(;9 thc·clpstir.o 

~·•mhiy :net funn die ouiJ.ei..326 ta.permltdfa:c~ imm tiw.sprffikler.~ly; Pf!.;ft.>rabl;J', f1111 

tr~ggi:r iiss¢mbl)" l!\ confl.~\lred.iMfa bulb-type trigger .. asll001oiy wltii itRespon~'ll 1rfme l~x 190 (fi,. 

sec)''. The RT! qf !hi.!' spdnk!;it carf a!t,emati.vejy be !lJY.W<ipl'.h®ly ctinfig11ted to•sulttl:!'e 'Sprinkler 

gm sure ~) ~¥i®;a dmirl!imtiq~ of flui(.l ti,; .eff~v!l~Y aj~~ 11· f®•e,>;:eut l'r!lfomb.ly,, ¢.i!: t~!)sjgn 

di~ll!'\!C pn..'$W'¢ nmges frPJ11, ab11ui .uftoou p~und~ nw sq),lfll'll lj1t1h. tQ abocy sixty :pmm(ls ji<,"t 

s~<lare indJ. 0 5·60 \>sl), i:»:etbr-.ibly ranging fi'\.11i1 ab.1.:ut !'J.~.1,outld~ per square hwh io 1\biJut forty· 

five, ptiunds \,l'<ll' $.]U\ml·inch.( l:!-4$. psi), ~lre pro.fe:t®ltnmgirig ftoin·about tw.tln\Y putmds. per 

:ro · ii41m,1ti.1 incli 't(} abmrt ~hirty fl v'e poU!~ds ~ squam fuch '(2\J.·1'.:,5· psl).and ye! even mW'e preferably 

~angli;lg fi:m,I\ about. tw~nty-t\No iJ'iiU1ldfE persqu!lte incl!. t!> abOut t!Urtr poi.mes ~r sqtrure inch (22 ·• 
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qi,ra!J.JYing lhe. sp~'li'ihler. f<& tis:: fu ./i.dzy C<Jilirig·<1hlY rirof.»:i:irectwn l!Y~· IQ fij~ ~oraee o~JillillW 

oonfigm00 to stmfOltnd imd~ afire, More·prefunillly,th~.prefurwesprin1'1er2Q ~mbe fi:re 

t~qdiu a in~ subl:.ianii!J:lly ~'IJ.lar to. the exerilp)m:y ,ejg!J.f f~ te~!l) pn;vklth'lly <lt~ril?~q., 

5 Acco1rling!y, the ~rlnkler 510 can 'be· located itvat.est·plli:ntsprilikler sxst~ 1lirving:a ~wr11ge 

oocujll!Jtty at a ceiling height above a test.001ru110dlty at a storage h~JWt. A phiral.ity efibe 

sprinldllt 31W i!!preferably dii'!pOsed \v1thin a "Spcinkler gtiifsystem slli\penotid fri;initli.e.e<iilfog {lf iiie 

sitiro.ge OCCUfiruiey toe ®finii a sprinkter ~flectQr•tl,l"Wlll;;g height mid f1J,1'iher defuw <! sprlJ:ikkt«ro­

'l\}Jm~ty (lle\'\f!ln'(le hefal,it In any given (ire;teiit,flw e()ii.J.mi.ldlty is fgnit\;'d sq as t<J iniljate tl11me 

YII gi.nwtb: Md h1itia1ly.ffi.erlllllllY aeti'll.U(,l•.o\ll)' or miire $prlnl;'ler$. Fhikl defive;y is delayed f{ir a 

designed.period Qf:dciley to.ilw one or.more fuitially tli.mnally uct~ sprink!i::r11 sp:as !fl pi;nn).t !he 

ti«lnnlll ai:t\llltion of·airuhs'\lquent ~t ,1Jf i!lpi1t.tldiiirs tO' form a .~y.rfokl¢r operational •area el 1-ksi~ 

:S!,~lnkleroperatiilg Ot discharge preS!itli'l'l~ahkof ~venvhdmingarid subduing;t!ie fire tt'i.lL 

l :x sy!#tem fvr a range df commodi:ty-01.a;,"lil'JJ:'.llJ,imis, ax~j}'Storiige fuMght~. rot eXairipk, thii..:iptinki¢r :no 

is fo~ t~>stw for lll!Y qne·oli Cli\~S J, n, JIJ'.,.:Qr lY C()1ilh~Qdfty or Group A, Crri:u,ip 'B, ot:(}ri:>up G 

llr.wtj~s for 1i.r~ge Qi \it\Jra,g1; hei~t.its, prefur-aWy nl;llg,ii;ig,~c<m twenty i~t a!ltl fot\y ltoef, (204{) 

i1¥ '!Jw ti::st,tililnt·~pdnkler ~em ·c;m be disPQsed and fire \<:$illd at v:;.ciabkc;."i.!jug heigli.ts. 

pre:ternbly ·rau~ing from lx.>t:weeit twenty·i'i'l!e foot t<; ab<;iut .foity~filll:e fee.t ('25 4$ ft) :)(>. l!S to ®fine 

z(l range.~ of sprinkl~'l'-.to>'lltor!igetl-tices. Actotdi~;, ihe spri1ik!er32Q can be:1'ire t~reA 1vi:thln 

the· ~~t pl&'ws11rii1kler syil:tem 'for (!t'i;>arfous ceilil}g beighi~; fot a w.u:iety of c"i:nmt)d1tle~, various 

srorag,,i,configwi!!w1:1.~ wid' stili;age hcig11WsU,as to qualify 1l)e srirink!er for use ill. ~~ili~7011ly fii:C: 

pmt~~i.()n ~tel'll\ .qf v~ng W!!ted p1,wnxutii!!9ns i;{ ceiling heigh!, i.'(),(1U1iodity cla.'1,siffoatlqns, 

. S"t-Ol'agc£Qntl,gutaiim1~ and Sil.'l!;l!g~ l:t¢igh,t !l!ld' !:hqse '®mbh1atlq11 in. betweii:ll ... 1i:mte<1d qfi:esting or: 
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fJJlali.\Y!ng a. spri.nk!er 3,2{l lP1: '1o !'fl!tgli: pf s!Qr1,1ge Qt\IJUpancy ithll iltm'ed oorij~odify Ct)!Xfil§Llf.ttiMi'i, 

ih~ llJlrln~I!!r ;~2V ell,11 ~· ~sted ~id <Jl!lllitledJ({i; a !ifagle :parii;:rleJ;:li;ittch. $ a, j:m~fol1;1e\'1 ill!id d!l1iv!Jf).' 

deJa)'. p<.'111'14 for a~ven stornge lwight an<! cciiln~ oo\gb.t 

M<.>rc pNfC.rabl)'.; the sprinkl.;;r 3:1,i) em1 be qua\itfo41n $U\;h 11 m11tm1w lltl ~s. ~lie. . . . 

S "listoo;'.mi1iih .fo defin<.:d by NF'P A l:l, Secffon. 3 .2.3'(2002) i.'l$ .equipment, matw.J.a,hlr S!IM~~ . . ~ . 

foci!i:itled hi a l.ist ·p .. blisfu:d t>y ijf!'orgaWiation tnat:!s aec~ptllhle tt) th.e ilttthority. having J.urlsdit!tfon 

anti 001icem'9d tV.ifh tl!c eval\milo1i. qf pmrlucis or l'ier'.1Cicie$ amlwl)Ose llstiltg matpa that th•;nrlttie!'.the 

t \!. ~torii.$, !ru:,, pr<\fer1.1bfy; lli>ts tne .spcinlier llZG for 11si:: in a <lzy ;::wh1g:-QJti!y :fil'(l wo'tecti~n 

sy:ill.\tn ofa lltorng;:;.oooupan~y ov~t thecrimll.Jl'oft<?\Sted ooniniodlty c]ttss1.fic11tfo:i.t'l, !ft() rage hdghn<, 

ooiJinglieigllts and sprilikler-~d~fl~or clciitatrces, More-0ver, the listing would pri.ivlctc tlmt ~ 

tipi:irlklei J2!l is aj:;rrtived ar q'1iai~tied ~bi: µ..<¢ hi a illy Ccl!ing,;mly:fire,ptotecd!'.)!l s}'Sl<,•m for l.l tlli:r~ . . . 

pf coiµrntjdlti cla.'Jl>i:flci,1ti0Ps'~ swl'\l.ge)!imfigut{ll:fons .rt tl'u.ii,-e ceiling ):ieJ~.bts iuld !l!bl'llge. h~w 

\5 J!lllingin J:x,>t\v~'b \lie tl,ls~cd -:l!lw.."£. 

suQh ;;s for ell'.llmpfo; the previously ~'ribeil. qualified $?rinklpr :3;.:w, eart bll· emb\1died, obfaj~ 

and/or·pat1taged li1 a:prefi.n'l'ed.ctiling-oolyute prntootiorl S}'Stem $\)ff for use fa fn\\~tim1 Of n 

~k~tage · ocictipemy. .'\>i aee11 flilr eX;unpl~. in.FKli I 71 rlwwn: !!Cooroatical.l~' is the system 50(} ,fur 

20 celllng-iinly ptot:~io.n of' a ·storage 0¢<:ilpaooy. to .. i.lddress'll'.'.!:in evm v.1th a sim:Otmtl awJ drown 

ef.let;'t .. Prqt~bly;i.hes:y,Wmi soo incl~deta1~ a~setti~ly5QZ w proV:ide.C(;ntrolled 

1;mnmtU~~-.1t.i,oh l~lw¢~1lfi a :1:1!\iii gr \\l!!it pofti\ll1.5l 2 th!; system $CO an.d the '1Y¢&rabiy dry pmtion of 

Vie :system 5 H, 
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dejh'!.,,.Y belween t;llt; We~ pertkm. :~a 2 ~ tll!i dl·y portii.lf).. SJ 4. M oft sp<ici~'tc!\JJ;ir, 1he. 4wrtrt}l Vl!l::<ie. 

~Q4 in¢lr.1cl\:!S an inlet for- mcei\.ini,s the,fire J:\gh~ng,.flu,i<J. fr(~l th<:l w.et pqrtiqn Sl :l ID.•d :furtlie. 

lmillit'k;;s$11 tnnl\;;t f~ th~.discl1arg7·ofthe fluid. ~~fer.ably,fu~ci:>.lltrolvsJv¢:~04 is I! (lQl~~ld 

5 11Ctuated deluge Vl!lvi;rimtuat!l'i by ·sofoi:m.id 505, but o'ther types o:t control vlJlws can. ~e \ltilized 

such as,.for'f.~ple;ruf..>t:ha'dil;a!ly or.efoetti;.laiJy· latc!led conifu1 val\res, · Fitlther ht tl're·!.ilttmalwc? 

fue.,,-;oittrol V.alv~;504 Can wah' aii~\W'l!i•~ei' )'lltio ~litl'o! Yilh.ie,.fot ~wnptl;:f, as ahown and 

d~~cnJ:le<Lin tJ • .S, V4te;itNtl. 6,557,lj4S whlcti is liiOOi'p<>rated in .ti~.e11t.frd] 'hy refor~; One t)"!* 

dl'P.i~terr~ ~ntrol vi!lve is the MOOHL DV-$ DJ:;I.:t!GitVAr . .vE f!;ontTy90 Hre I!!. Buliclirtg 

HJ i'l'oduots; show11 and desc1,l~d.in'th.e fyco data SP\:Ct TFPf3.05, e11titled, "Mocli!l DV•5 D!i!jage: 

Vill.ve~ .. UlaP,hmgm Style; 1 ·lit \hm lnncll {))'fl4CI ~ DN2®; il:SQ p;ii (17.2; bat) Vi:rtl9!d ot 

Heriwma!Jnst~ifatlon"' (Mar. 200t?), whfob is lnl<O:r!)Ol'llt~(i herein: fa iw !)tlti~'t).1 ~y l'l!r'o:r<m~e; 

Adjaccilt ~bt.olrJetof tlle comrol villveis pi-Gibtahhy d1spi.1iied u·ch€:.ck-valve to pi'ov!de an 

·Jnrerqiect.1&e area or.cliffn)jwr open to atrnO$pherfopt.(lSSure. To is!lla~etl:ie deluge valve '.'104, .the 

1;5 ~ ~sem~ly further ptdli:l\'lbly· i11Cl\l.deS' t\VQ i~cil~iing. Vl!~ve.~ di$>~ed abiJtjt ·too ®l1me :v1>lve 5Q4. 

(lfuer diiu).ill'llgJn C(lntro{ yruws ~4 \bat fi'Ul be U$e<;l iltlhe ri$et' ~ni;;ly.502 !\i:e S\lpwn aild 

de.<;C,rihed'.in 0.$. P~tent N'oo, 6;{)95484 :and 7;059,578 and tJ..S. Patl,,"!l.t A~itl'tatiJ?11Nt1 .. H/~;'891. 

t9l36J lil 11.(! ruiemal:l:vc:wnfigw;-atfou. the· riser ass<.mlbfy "' cr.mfrol valv.1;; 504 can in.d1ide 4 

n1odlfliid dl~hr8J%1t1 stYlll. e-0nt1vl vlllve. so i\S'io h1clude .a ~11rate 'mam:her,Le, 11 nwtnil ,;than:ih<ir, 

20 ;o ®'titre ail !!fr Qt Jla& i;eat. tl.!tireby ellinitMing fui.: il~ fur tbl::.sepwa.te clleck valve; Sho.w1r hl PHJ. 

21. i:s 111flU\l1ltt.iltiye embddimerit ofa )'ireforred control valye 7l0, Tlw;yalve 710 mdti4eli' acvahre 

Pctl'17.1.:l:'tfi.rol.lgh '?lhi¢b,fiu:lj.l C,&1 Bow ii!~ coutreilfoll manfaer •.. J\~,1re;~~oifieliJ.l~·; ~ 00nfrol :vi'!lV¢ 

710' proyjdili!a dlaphr~-t.Yf!e eycl1'aUc1ic coii'll'.al valve fot~'ei';i.l)!)' cQnttoJ!iilg the relea,i;e .and 

ml;;tur;,i pt' a first fkild :11~l1111;ie having ,aim+ t1uRf pi;esswe; sm::In1~ for ,iJ:\!l/!IJ'.!:\e a \~'atet n:U1in, 'l'l:'.!th a 
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$etf9µii t1:Uld yp!umlii J>t a Si.-'i:Ond fluid press:ure; sueh as for exmnpfe; ~1np1~ gas oonlllm<xi in .a 

l).etwritli;.cr.fpipes. Acoor<llngly., ihe.~nfrlll vafve7IQ mi provJ~e.f1µi4 control betweeii liqllidi;; 

.$. oo:d (ii:};1i lo\¥et.oodyportkm 1l2b: "tower bodt'·Is used herein .as a matter of.re.ftirt.'l1C!/ 1\:1.a 

~xilo11 ofthe valve oody 7.l1.c0upled to t!ie.oovcr.po.rti01171::la when fue.~\O.ll!ml vaive:is !\illy 

a.~ied, 1*f<lll'ahly, the va!vcbod~·712 &11d more spooi:t'ichllY., .tn~ lower OOi!yJ)(irtfox1 7t2h 

[023&1 1Jm v<'lve bpd;Y 712 11i*fwc(t\.(~ ll ~<'iip 7n! fot diverti11g ;11.e flrJ;t J'hdfl ell;l:eting .the 

IO valv!.l :7 \'.If i!w:rug'P foe lni1;1t 714 JXHH!t'llde thcl'l!l~:e bo<Jy. 'I'h!i v11lv1.t body 11 ~ furth"'T ilf!l.l.erably 

tl:l.e mitlet 716. The control Viilve 7 l O .&so incilllles a :po1t 122. '.rl.re PQrt 122oan provide l'.l~can~ for 

!lll allll:til &jsitim·fci.mmi:IOO!'.fhe:w.ive fut an;v undesired fiuid comi:ntt!licatlonin)n1 mid/ofhetv.~ 

'7!'.?;. tu prn1:icu!iir, t~"" wrt 122·t?4 !:le cqµpleq re ~ilo>Jli merer ai14 al1.1rm arr.mgerqeut,t(,l d<'t¢ct the 

t1u1d!}r.isa~Jiiak iu theyal.V>.O ~@dy. 111;:.pott 122 is;:prefonibly cpen t~> atrnowili:rl\ a)).li.fo 

.(.JOmrounknti'm with <;1n lutermedime -climu.ber 7Z'kl. disf!Qs~>d heiween !lie inlet 714• and true <}utfot 

1Hi. 

when the covcr imd j·ower b•~Y. portfon·112a, .1I2b 11re Joined to~ther,- the im1er sruia.ees farlh~'t 

defi~·a (;'hljfuher 724, The s~iJ.1n]?i;:r '.724, hcing. in comn;,1mieation'>Vith tile inl4i Ti4 and: the 01.tliet 

716., fi~l"q~Jl1ws11 pa~way t&roi.lgh Wlil.oh a fluiq,~uqh as, V\'ll(e!', elm iJo><i. Di~1'liiSei.l 'l'!lfuin 

th;:; ch run her TJ..4· fa 1,1. fie)(ibi~ prefurab!y e1asi.on1t'ci1< j1\el.iil:ier &00. ~ C!;i!itroliitlg the flo:w pf fhitd 
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WO.tlgQ )he valwi bcydy 71,'.?. 'rbe ela;,t<;lm.edc .me;mb<!t lSOOjs mi1re pnift'fl.lilty IX tlfo:p~tagm ,in~~er 

~m.f.igJ!re4·for p!.l,111,11,li.mr, seJ~iye ~1'!!!).ml;W.iilii,tlon ~\Y~ the Wei.J l 4·and 100 oi,1Uet 1 f6, 

.~dlug!l'·, ~ Qia:p!migm ha;ut1~t two posttiQµs wl,ihiri :!lw i;hutqbe.t· 724: (t) a 10•111¢rma~'i fuJ:ly 

e1~ ¢J: ~nng-~:!i9ri a.nil {Uj ru; gpp~{ mi:.rst or ii,illy·opeu po;rilfon. Jn th~. t9'>'®t most¢lt,i~ ({J: . . 

5 seruit}$ pomtloi4 the dh111liragm. l!OO el'l!kllg,(l!; .n seat milirl'lbef 726 ¢()n~ted (\fe :tbm~i llll llh Intemal 

rib or 1:0..idd\e f.looge :witl/in the inti\li mu:fao1r oft1je valve body l72th~by St;nlihg.off 

polli<loo; 't~ diap!:tr;i.gm ~00.~limib!y. dis11,'9\1'1h~ c~lx.-r n4 Imo.at l~ t!liel! reg!~ ol';Wl,;· 

~haml.1~.rs 7:~4a, 7'.;!41;; and 12411: M(}J'.!.; spj:Mi.ial!y ~9\l with the fliaphragm Wl.l!tl~r~OQin, the 

1 U .dosi..>d 1xmitmn is Ii finit fluld ~llpply ()f inleL ohmnimr 124a fo'°mm11micadqn wHh tlJe.in!et714, a 

.6%1ondJlllid S£1ppfy or ou{ietohm:nber 724b 1n e\'!Jl.11tiw1ioatlon witb the 0utl.et 1i6 m:id.a~faphtagm 

chatu!Wl: 724c, The t\tV@r·?-1111: preferably lndUdeil':a ceno:al open In'~ 7L'l for h1trt1duciu~ ttrf 

~alJ~i.'lg .fluid into th~ di\iplll'll.gt!l. chlimhltr 724C'1l1 m:giii'!md ootd the diaphragm member 800 in 

edlaphmgm ehmnoor 724c in prl)l\';rably a wntrolkr;l;mai:mer, ,~fo;:Will<!!/y w nii:¢pa-qfo'a!ly, tu urge.tfui 

~agm ~m~ 11:00 to ~.fully open ·or aetuat~ poiltion, tn wmch:i:~ dlapbragi;n mcmi~'T ?00 

i$ $pMed fr.om tlm.seat men:ib'er 7.26 iliereliypemnttin~ the ilow ol.' fl.ukf!x:twc<\l~ .lfu: .inlet::Z N a,11il 

tlie.mitlet 'lHi T!ic <li;rplutig!ll member 8iiO includt1S;an;1~e,r l!tlrt'ilce 802 and u lower'sm'fa~·S.()4, 

:w Each of!b~ u~ !$1 Jowet sarl~ce !ff.t:as 8{12, SOA :are getierally· zl!fficient in ~iie ro sea! .tiff 

ci:imn1Utjici:ttion of.the U,Jct filld oiit\et dim11h1'il'. 82%;,, 824b fr.rim tl1e ~p!rr~ chmn~"' 824t, TI1e 

thc1:(.ifi'9!l'l i\l't\l.W« t;!X !?/9re..i~g~pji1Jo{ rib Jll(.'V.lb.d'S 8(1{\: ]~ t~e11iiiil ri:b:; 80~ and i!ltlti'jor ring).1r;:\ 

preferably c<Jnfigm·ed.·w vrge !he d.faiphragin 800 ll.\ .the selllhlg position upon,. for llJ«W!p]e, 
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app1icatk111 al' aP..equiµit:ing t1'1!4 to t!W:upplir'si.irl;lU..\i;J.802 of tl:J~ dl<!P.l:i~iifinr:imi1nber aoo; · 

A;!ditl9.rifi!ly. i!w tliaphr.ll81ll:..soo rr.efe!'!lbly:.iti~uiie~ '!no:l\ter !lla;ite\l¥itfo ting f;l{Jinent $0& t~ 

lhi:fuer •. the di!1!1hragm ·memb.IW 80tl :ti) tlJe closi;;d position, The out~ pmerai)l!'Mfiled. m<f~c 

of tlli.d1~lble rm~ ;rlein~nt sos cngllg¢$Jind proY.ides p~~\U'.ill CQntoot \Vjtq.ir pQr(i$1 qt'Iiw: Yl!!:ve:, 

5' \1ody'Jl,2 such iis, J:b· exan1ple,.rti.e interior surftti.:e o.f!he1.lover 71'.2a, 

[11241] fa l.ti>;;;lo(fea posiiiOn, !hl.dower-sarlitoo 804 o.ffue: dli!phmgi.n.inerobeN'!OO- preforabiy 

ditit:!nes a.·q.,'lltra!i;r¢. bulgG.i.l P¢!.i9.i1 filOthereo)' pl'i$tiltily pre.sentiiig a siibstantia!Jy,oon'i'l!OC 

s~i!:(acc, ®'l.1:il01-t. pr~feRllhly il liph1.'ii'ctil wnvt<1<.s!lfflice, witi;l its~ to tll&s.e;;t n&'U)jjer 126 'to $<:a.l 

oft~lre i:!l1et and.ootlct chambt!rs 724a ·aruj '.l24b. '!'.belcwer surfa~. 804 Qt:\ he di~rngtll men:\b§:!' 

1'0 800 forthetprefl'rllb.iy includes I! pall ofclon_gat<:f.l .sealing eietllt.'l1tS !11' projooti!;m.118 l:41J, &l4\Ho 

fottn:a. seal¢& enga1~ement v.>ith the soo:l me.mbet 7:26 of ihe valve l)Qdy 712. Thee sea!mg elements 

ll VI<!!, 8l 4b al'e preferably spated apart so . .ru; ia defme a wild· or channel thlmibetwll!m. 'rhe:s~ini; 

cloow.Uti:r~14ii, 814.h are oqn'(lguretl ti,i engagp fu¢ seat tOO!nbc.\' 726 ofthe valve &q.y 712 when the 

,dllipltr1.1gpi is lri the ~j()i¥#! ~flitip:n siJ,as ro seaf off.rommunfoi.\!J.Cin: be!wecn ~he inlet 7l 4 ainl. t!re 

15 euHef1J6 am~ lt\Of.e !l~Jtfoalty sea1 pff eommtll'.)l\:aifoa between the lnl¢t chlimb;r 7;;l4a,,;Um the 

O!llfat.dlambat:z'.i4\'1; .Pm:ii~llflDQJ.-.::.;, tli~~a)ingmembm's '714~ 714h eng<\ge !,he >ei>t meml\?l' 726 

.suehlli;lti the. ohttnnehca:pper1,1tes 'villi ihe seW,:memlillr. 26 toJbrro .;in intermediate: climµber 724!!. ln a 

ina!'mer di;sml:xld in ~atet detail lWt¢inlm!o:w; 

fD242.I Emem:lln~ along in a di\'eeiion fmmhiletfo·outii:t lllte hraceot s11pport members 

2() . 723a, 728{{ li:t suwoi't the d'1apli<'ilgti1.mon1ber :SOIL the S<.'at iuember 726 <:ixtelitfapei:pelldiculadn 

tl\e.jmrol-ti.Nmli~ dir~fon sfl as to eff$ctiyeiy4lvide ll.i<) chain\1et '.f24ii:rthe 16\Ve.r villve body 7l.2b 

ln\o·ll're Pl~ft-"mb!yspa;~e4 1.1~ arul i're.feial,fy .1zj\1~ sf~ttsim""1l!llnberii of i'lre in!;<~ climnber 724a 

?Jl4 ,the outle~ l.1h~~ 1A4~. fyl:o~ver, ~ ~11!,>atiol\ e(the se.iJ:t mern,l.?er 'f.2§ pre1ilr!i}l1y Mme!t a 

~m:dlirum S1J,!'Jhce ()Nlrn ~11ing,an me 1~1~tli fo minor llie .t;Qnvex s11~ce of the 1<.)wer swface. 804 
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imaagementllru:fuea oftl1e s~ membe.r 746 ~taliJy. ey~(;y.,lll~. t:\f,e J>f,\llt.l;.J'.l~\bei.·l.Cll.gtli w~ 

tile dinp!migin meniruw fOO·fa m. th~ Ill~ po$lilimed, the. elongate~ sea!lng mem~>rs ~·1411., s 1: 4b. 

5 ¢ti~age tlw .bi~'lltl'ld ·s1itt\tc~ (lf thli se~t 111e1nbel's· ;;:z(j; Btigag;emeut ecf the. seal!ng lll!lllnbers 'l!i~ 

lH4h\.yjtb the cligagment &,orfaoes 7'2iia; 72Gb·-Of tlw seat member .726 further pktc-0B !00 clmnnel l)f; 

\02~ '.fh,t: •·.me1nber7&6 is F~fora\fly f~ wlth~eentt.d bl,\se liltnjiber ni ~at 
furtllilr.oopq~ and p;:.efeyably ~ces the .. 1!11~ !!1'd {~1.\tlet chambers nta, 124~ 1.md dhii\rts flmd h:I 

1 a a direct~on between !M.tli!!~.hrllf,'111800 i!ncl !l1e•seatmembereng&gemetltaurfaces 726a, 12(ib. 'llre 

pert 722 is ptefembly ttmi!tnlllt\!d l'hirn o.ne O!'mQte v.;kt~ formed fo the b!.\lli,: rnmnber 73'2. 

PreftTilniy, the port 12'2 incfode~ aJit&t cylindrical portiotl 722a.:in OO!l'lmunfoatii.m wifu.a secm1tl 

{;y1b:ifuielil 119rtion 22b ~ fo~d in J1w base'.m111n.hl.'l'. 732 •. 11-re port 721 prefmbly h:1rersei.is ruid 

ili! in cmfoiru11ir;aj;ion w~t;h :the.gfopve of the seat m.."llilii:J: 726., ;md wm:refri when the dil!Jlltt<i(pn 

l ? nie!'ll~rllOO is Jn th.;; di:>s«l position:, th¢,pmi. 1;?2 is fixt:!lwr prefor!>bly in $!\kd.co!iwumcritinn 

Tlie cor.pml:11Jfo&ilun between tire diaphragm channel,,, tl\e sila( mem:b;;;rgi:qgve im~f the 
' ' 

pd.rt 122 illprefefll.blylmund b~ the sealed eng.m1.!tltof:!ooseaiingelements814a, !H4p 1.vi.tfrth~ 

.seat member Sl:!t!\foes 726:0, 7~(}1J~ to thet'eh)! pref~l:il)'di\fi!le the fotirlhJntetmediafu ~fumili\\r 

2B 724iJ. 111e intemwmate 1::h<11J\00t 724<)' is iir~ferably opi:11 to atnmsp!:Jete there.by forth er deflrilng a 

thlid seat,.ptetbrabiy fai aii Ii.eat to ~arnte U'!efoieNmd-outlet chamwrs 724a,, 724b .. Ptovld!ng rui 

~ Se<lt bt-"!Ween th;i. h~!i;f~ !Ju(\ct c~p~ 7241.1, 724p aUoW i'iach oftlie j;:i:te~ m:id otit!ct 

i;h111.rit~ers t() \W fijtaj ~4 ~$s1;1.ri:r.\ld vv:h\le avoidjngTaill!~ 9f, tqe, ~aloo engagem~t ~eon the. 

sealh1g.el~m®t 8t4 und IDC' $.lli!1 memlwr-126. Acct'!l'dl11g!y; ~ prefe,rrl:}d di~phr,igm-tYW v\\lYtl 
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7H) liftµ ellmira.teti!l! need for a d;:i>:wsrre~:ni Cl1llC(.~valve.. MQi·e.·i;pecl.ficatl),S hetaic!e .~Mh seaiing 

!!ifoment &l.4 ls. llCted upon by a fluid.fu~qe on ~Yori~ sii;!e of me e~111~~d l\iwfor,il.'IJy 

atmoiipheclc 1:1rc~-0µ ilw. (11h1ir; lli.ti ;fuiid press~~.i!i }!;\~ '1i4I)hragiu.cbam~r. 724\';:is e.fi1:¢tlve '\a. 

:m&lnµU:n the s~ i.mgiig~ l:ii;-tw¢enth!:·seafing.clernen~'814 and . .t).l~ .s~;ntt;.mtm· 726. q.utiag. 

5 prosmli!trot:nli' the. inliit i.md uutle.t chambers 12%,. 72;fb, 

p;labe,d lntla llen!iC~ bj'prefernb!y' b.rlllgb.ig 't~e villvc710 ID tlie lilitmally tlo!>t.>d ,positioi:l ®d 

~wque;\(ly Im~ tllll: inletcha!nbecr .'724!-' .~'tile !!tlt)et 6harhb~ 724h ti.l Q~'t<ltin~ pW$'llure. Hi 

.one pro:(em~{i msrnll\lllQ,n, ~ pcirnary .f.l\!id ~~~e ls. i:niti!tl!y,.i~Qlat~ ffoin tPe lJJ.\1"\ 1lhJ:Wil{ci: 72it6 

Hi by way of a-e11ut~off-ci;ntJ·ol yalvj:Slll:h as,}Ql'. e>,:11mp)e, a ll'l!!ll.U~ oont.rel vl.\lve locat~ upstream. 

frorri the fob.1t 714. The s!,JOOndary J:1i:!id ,lifQlm:oe is prirfflfably initiall}' isol11ted tram.the oµt)ll!t 

~h<miber 7:24b hy way jjf a shut-Qll' cuntrol valve looaied :upst.t·eam fu>m the input openm:g 120.. An: 

tiqmJ.thing fll.lid, sµch as we'OOl· frtim lhe priiooty fluid smfrce is ihen prctetably tl}ltoouood i!lto tJw 

1$~1l}'.lhr11g,mdm:n1~ ;/24e iliroi.lgh tt\e."1,\1:...;ti;~ opetiing 7U iu th¢ i.mver 7l2a. ·rluld .. is oontint1bl.lllly 

i.5 intK;d11G~ int<id'ile ~)l11mb<.,•if7Mo·unt'!l 'Ille fluid ex.~~:~n6tigh pressJ.ll'e Pl· td bring !h<ii dfapliragm 

.me111bmc 8\'IQ iu:U.w clo.sed pQ~i\k1win wlilcll the)i.•w~r, ;;i!lfaoo ll04, ell!ll\lt(J$ !be: seat n•renibe'r 726 aptl 

ihe i!'C.\lltug <il~'lllCl'lhi 814a, 8'l4~ fomJ.lli $~ed ~gag~ental;>out·.$¢ t1e:ai nJenil:ier 72,6, 

!0246! ·Witi1. the,di;ipbt1<g:in memW! 80(! In ifa: .Ill<>~ p<1:1!Hun, 100 in!et.ii.114 <>ullet ch.,'imb<ili'l>. 

124<!.,, 1'.24b c1m l:iep~.ssurlaii:I r~iv~ly bY. thepri\narym:id~on<lary fiui,:ls. Ml.lro s~1;i~~!!y. 

20 ihe shut--Off vruve l~ola!'lng the primary fluid can be opotiedlle as to ht'!!'OdUce 'rluld through 'the:inlet 

14'.aml i:n.t1:11he.in1e~ chrutiber 724a t,Q preforablyaOO:ievc a stmtc:pressme P2. The shiii-ei'f valve 

.faqlating the tx)!J'!pre(IBl~ gas ~l'i:l{e opil,ned lu i!itioduee.thesecoiidazy t1:ui.d through the inpiu 

9pel!ing 7JO to presm,trili'.e tJie. QuU<:):. ~mb~ 724!:}'lllid \bl) m)t.niall)r·elqsoo sy~fom C'Oupkd ta the 

o~itk."\.716 of th(! ~Qritrol: yah'!l 71!J to ac\l~~Vili·<l :static pr~qre RS. 
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~mb.f.!r. 724~, T.l4b aod wbtch .!$ normlllly PPen to atmo!!phere, JJU1itti.lii1111 the prim!lJ:} fluid 

presSiltl! i'Z to ane ti.ide Qi'.1he seiilmg :m1:1!libeI8 i4a m'Jd the s.erondary thud pre$SU!'e .Fi: to one,sid,c. 

llfth~ other tma~qg mtilnbiir 3!4b, 'thliif~:dfaphmgm.memb<:>r:'800 audits seall'k'ig.memberfo .S'Ha; 

5 .s I 4'li'iire ~oi1.flti;\.ired ~t> ;t~M tnilintilin tlle<seaioo engagement with the ~ inember 7:26 undei· tlttli 

i!!l1liimce of the ·di11P.lm!g;u cl¥1mbi,\l:; pf')ss11re1' l: M(;(kJ1ng!y, ·the u'pp<jr a!id tthv~.r diiiphri\~ 

sraiipe at<.'JlS are ~t,t~abiy ~r.ed ~ll\:h tltatJhe pressure I' 1 iir.ial"ge e{!O:ugh. fo pro\l:ide 1¥· ck'li!t)g 

foJW ~m i:he; upi;mr ~1il'fu~ of th.a di~1mr .tPCJJ.l~'8!)0 w.:as .tzy ove~<1fuetne primazy !lAd 

~dary ffoid:pressttrts J'2, P3 rn;g!ug i:he,1'.'liap~u~nber,&:00 tQ,the open lJ9$itfon,. E:ki"l''P."~r. 

J(} ptefetabzy !hi.;taiio <1ftbediaphtagm pressu1-e.to ci'!he:dh<i pcimru::y tluid pressure Fl:P2 !lr1.lie 

~t><:(milii\'Y thii(i pressuti! Pl: i' 3 ls mitimi:Zct! ·such th~i the va:l-m 1J n maintains a f$st upening 

resP,lll,s.e, j,e; 11 krw trip rat~n, © .re1Ca,.,e fluid irani tjl6inlet chi,unJ:icr when n~e~l. Mflfe JitefllraMy, 

eve.i-y l psi, .of dfapjirag~1 ~re ff is:iit least efjbc~''e to seal 'ii'iJol.!t l .. 2 1'1cl ti,f primary fluid 

·a maln.llnd one enmire branch pipes :extendi.ng from tbe rm.1fo for dispoi;al 11bo¥.e I\ stored 

<JOnwlldity, The dry pl:lfl.fo:n .5:14 of the sy~ktn 5.00 ls·furtlier pmte1'ably m®ltaln~d in l:t~ dry staie 

f!y·apressur(ied.afr~urce 51!!ei,n1pioo t\' the'dzy po:rtion514', Spac£:d a!ongth:c branch.1;iJAAi m:<1 

\he sprJukl!,'Ii> .qrui1Jlill<!. f p.t c~ng-only' prott:ptio~ ili:!:lk:stonig<f oc~•<icy"aucih tlll fur. ex1unplo1 

· 2il t~ prefer!'¢ sprili~l.er 320: Pi:e.i~tiilily, ~ net.~v()tk of pipe.<; ano'.~Jnklers are disposed liOO\/t? the 

comniodlfy$1H1s 1'> de~ n p;illi!ili~i;m &pt\nkler-to-stol'ilg'o; 111e!lfl)nte Ma inoi'll) preferably a 

deflootQr•to-stara~c clemr.ance uf abtwf!hiTI.y~slx fn.9hei;, .Wil!fr~inlhe sp1i11klci:s 32() tire tii~P.g,l1\ 

·spd1~ler.s, t,!ie spritikfo~11 320: are ptl,ifomoly muuni!'d rl'lative·to the·~~ilblg;~µCh ~t 1li~ sprinklei:s 

del'meai.i¢t1~·cro•"1ti~eiiirrg'. distunce 6f."abootEeven lliches (7 in:); Alf<,tnati ~ly, the d~.eqti:lr~to-
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co111)~u~111ioo pr m9;1ll.pr~W.nibly 11 l~.co.i;i:fig\m1tjpµ, The <in' i;roit\fln. is ~f.ern!ily~~fi&Wf:d 

5 \\iitlYa lzydraulic defilgn ar~.made of lihom ~wen1;..:fi;vc sprjnk;l~. Ap;;:i:;rdh:igJ:y, th.:r lnvwtpt's h1i!lle. 

dillCilveted ah'ytlrau!ic. tles~n area· for ll 'tlfY: celling;-mily'apririkiet·$lffl!R,'1!1. The sprinkfor-to­

'l!priµkler $pauiilg can rfil>ge.fi:om ir.ml~imlro o·f'abdut.elglitteetto a mi\ximum of ailtiuL I2 foot ior 

foet (!l6 :Ii.~) Wabout one hundred 1'CJlll!re feet (l 00 tt. ~-

!@250) As dellctibed ·ab!n"!, thl:'l surround .al!.d drown.effuct ·Is hel:ievi,xi w be dt,>pt1Jfrk1m upon 

a deil(gi1ed or Cli~c;lfod ftt1id <leliVl't:Y tlel.ay' foilo:Wlni:,t !:me or more WtiaHy tlwt111aliy actrurwd 

!5 ~!'liildt<f;'.1!J p<.m~it ii fire cvt:nt !O' gt,ow iil'ld further thoonaUy'jlCtt1!>tc i1.fcli1.innal i>'Pl:h1klers lo tbnn lli 

~r~in~ler o.p1.'t\ltiriM;l area to. 011~helm and 1>'4bdu~ tli\'r fire event. The ;tluill.de!ivefy fi'om tll¢ wet 

portion S.12 to the dry poi:l,i.Qn SM~ oontrolled by ru:t!;lirtiQn <Jf tlle llorifiol vat~ soo-. To confrol 

'ttW:J#t.e fue,scletloid valve.$05 to ~1perat11·the $Oi'1ll!)X<:l.vahre. A.14miat.i!;i;ly, th;:i c4nlt\1l valve c~i1 

20 be oontrolk.d, wirlld or- ofuen'l'lse conft'i!;uted sud1.that tfJil .c<Jiittol va!vt, is nmtnally 9!ost.:d by an 

eriergfaed solerioi<.j Yillve. 8,\1~ w»o~din-gfy actuat-00 open by de~iK>rg;irJ~g slgnal..ro the solenoid 

valvl), Th.e s)'St\:!ll SDI> ~l biJ. ai11fi$uted;}lll ;i tj:ry p1•i::actfon syStilin and li; nm re preiie,rably 

eoni1g¥!#! ~s. ii dti~i~lc.·hi.~d9i;k. prealltjon )lys.teni ~ei:J ~h kl-part,, tt dewctlon Ma tfuip in air 

pr~s$ur~ .it:L !he dzy porti:on $ l 4. To ~'(IJ'.e· fui;t the !!()li:inojd va!ye:SO:i ts appr9priately enet~~d in 
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r~-pqn~ ti) a k>s$,ln ~8j,m1, fue i!yiltefl.l 5QO -~~t pi:efuf'<ibly roctiicles 'an itc¢eletatGi~ i.lwl!:e 517 

tt.:r!tdl.11!.e ·~i.e o~~ time of the <!!ln~l'Vlll.:ve in-i; pi:ea.ctlon system. Tbe ac!)Cl!.irllt~ de\!Hle 517 . ' . . . 

ls pi\'\~Y confi_gi.~l w def.eel: it:stt!llll 1'1:1\e of d-.:-icay fu tlm mr prossu_re of !he qry j:l!)rtion SJ4 t{) 

si~naI tlie reillasing panel 518 .~i AU.etgl:l'.e. tilt< $lllentiid valve 50t). Momov:w the •a1:1:e!et..itor.<levi~. 

5 517 ~n ooa pro~tfmnrnable d¢m:teurognun llliiteffect.an adequate 11.'iimmum tluid ddlw~ clclay. 

petl!l& One pt!'lf e~¢.d enibodiineut of the accelel'lllilr devfCe: kthe Moi:le! QRS Ekctruruc• 

A;cj)tiJ.9mt\lr ftomTyi.:O. l'!.re &:B"\ll!ding Pttidµcls lis ~i'k,,vn ~td desci'lbed lii Tyoo data sheet 

TFP! lOQ omi~ '~fodd QR~ Elec\ron!c Aet.:ei~ tQt1iqk Ppwnipg Devici:~ Fot Dty Pipe (l.l' 

P..reai:tlan System&'\ (M~l' 2006). ~ l!.cceleraiii,ig dev,ii,'lls \':8!1' l;ie.uuii~ p;royi.ded that the 

di;ti,19tqr;; 520 tO ir¢ei'-.!ock. the p;:me! 518 ijl -~ng tJie $9lfillmd varve sos to ael:illitt\ tlre ¢0lllrol 

1$ v~ 51.lil. ,'\,c~~ly;.mi.;: er ;_n\)11) fite dzj:<9,('tgrs S'Zq are p'tl.}'fe.riW\y s1it.i6cd.froni th¢:spri;lk1~'!'$ 

320 iliro'llgb.ont the. 5t!:lragi) occiipiincy suchthat·the fire.d~W~ l)per<lte iwfbN ilw @rii\klef$ in thji 

. eventof a fire, Tile ~ctol'.S 520 ·=he. ;iny ·one ·IYf snwke, heat Qr !In? .()tiler type capalifo to \1¢}e~t 

too 11rese11ce ofa fire pto,~ldeii :the detector s:w ~ g~1erare'signal for .use hy tlie. i-ci!l!l-~j.ng: c«l.ll-tr<:i;I. 

piillel j 13 ie etierglie. me arile11l'Jid valve to operate the rumtroi viii ve .$l'J:4, 'the 1'YS~m Qllll. &ndudi:. 

2(1 ad\litiollill marit!ai tjiedia,"iica1 or efoctdoill.:pull ~illtions.522, ()24 c~ij)abli\: f.lf settingoon<litJonl'litUhe 

puncl5l S. fo \lCtW$0 tlie s.o1t-'i:loid valve 505Jllld ~e the contr.ol Yam 504 fuy Ille ;.JeJivery, •of 

:flm<t AccQn'lii:ig!y., \be con~'f.1 panel ;)l8 .ia9on:figul'O!i :llli .a deviCQ cap®Je (,>f~ce~v.ing SetiMr 

lnl\ll'm~tion, tlafu1 ,or si~Is, regardll'll; the S)<'Stilµl 500 .andfor the sfo~ag~ OCC\lj}ailpy wqi¢h .H 

proces,>es via l'Ci.!ays; (1-0ntrol. l~c;, a. ~m1trol1i1'G!l~il1g .milt ~r <'!tl;ie> ;;:ootrol nmduk:~fo·~>nd an 
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<Wit~ting &gnaf to opera!~ ~1~ Jl9lftro1 yatveSQ4 ~u<Jh ·as. far ex~~fo~ ene~~.e the S(i1\!h'1id valve 

~()S. 

192521 

5. mcthod of' use further i;irmrkl.1*! desfgn·.criterla fur:oonfl&,'1lring1be, !lpt'inlder aodlbr $yste!Jli\ to ¢fi'.ect a 

sprlilk!ci: opemtfona! area fiaVJ!lg'. a surtound llmfdro'i>il'.l COttfigiiriltlo.n for i!ddtess.i!lg 'a. fite evet.1t.ilH\ 

St4)t'dfie a\l¢1!.pru:icy, A pi!ef~~ clljlhlg~on!y dry ~pri~i).de.fi,ly'S~ OOJit\gt:il:tiHDI' aooressing a fife . 

.:vent Wi'Ql a :il!tt'<'fnttd .mid d!:Own configuwtkui; sµch ~for el\!ullpl<l; $)'~ 5.00 (Jll~Wi~.l.lbove 

m()lude¢i a1111J.i!)kiei<~rimg~~n<mt ~lative t<> a~a$sefilbly to».l<ifine !:'l\le ~rll;ltire most 

lft hydrauHsaUy J~moie ot de.11landing.~r4ii;:l\n 5g1 \Ind :{i.ufuer !.leftne orie or l'.n!ll'.\1 hydra111ieallY cloile · 

oi loo,'li. deml!nd!ng sprii'ik!e!'ll 5Zt freteiab!y, t~ design ¢rileria 9rovkfos H1~ mw:.lmmn and 

minimum flutcl delivery dclay•pe.riods for ilii::J1ystein fo bl: Nsp<icitvt,'ly JocaUxl at th.;,i.111.ist 

li:fdr\l.iltiCl!llY .remote si:>rihl<lcts 52! ll!ld ilie mom hydrnwicru[y; cfose 5prinlders 523. The designed 

ti:l1.1mnititn il1!Li n1i11iniurn fl\iid ®!!Very di!ey petiod.'i. hern~ oonfi~t.u~d to ensure iii.at each splinkler. 

15 !11 the~"!!l~nl 51)0 h!lS';1,desigt;~;i ·fuli~ deli'Y?ry de~ily petl6d. Within the ln'axin'mm arid mfoinr!.ini 

ilUiiJ.,llilivery.de!ay pet\Qds tQ p!;l!!Jlil fitc growtlrfa thepr~i'l.cll of~.fireevento tllermal)y'a~ ii 

$\ltti<;[ent number Qf.spriiikfofll •h'l ifuµi a, spdpk!er Q~)mll}ar~e:w .;¥fdress 1h!) fi.re evi$t. 

C1.1rif~d with a.h;-tlmuifo design at'e!l: and designed. llpemi1nwr.wess00}.fo.r iq,iiven ~~ 

.20 OCtlipiillC}\ oommili:lity Cia.imifill<ttii.lfi and Stdl'a(le neJght the profeircd.maximrnn and l'.tiinlr!'llll.l;l.)1\lld 

delhl'\lry p<lrlo.ds 11re preferably fumitio~ of 1Jw hyi.fr1>ulfo oon:fl~ur.tiim1, '!lie .oocupm1cy .oo.iling · 

heig):lt, ajld sti.wilge height. I;il: !f!iiii#Qll or altemati;>eiy to; th<;mi.udmum and,m!nlmuri1 fluid d~ii'very 
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~~!$41 :1~ 1\laximum ii:n.4 m~mm)lin fll!i4dcli'\il\lY, t~e.'d~ign cnteriii:cim oo einlXidii:>i iii a 

:da~e, d~~i\b!iox;!!mllQJ: l~ whli::, Fhi:i.'Jti\mpl~ provi~ lxilowip:ti tlul4 M~i'l>~:dQi;lgn 

tllblcs.:g<Uleraood Jbr CMiss1l m:td ClllSS rn C<:I;nmud~ ti~ V!ll'):ing ato.r.ag~ !\.UQ ceiling hi,ifl.l:its fQr 

~lveii dtwlgii ~SStl:l-00 .!ind hy!:lnti.di« de~ atC!ls: SubstaniiiHJy sb1')l!af1y <;onfigi.m;,d data \:i;hl.;is 

5 :Cari oo·oonfi&ereci for oth.l!l' C!itSSllf1·.o-!'-001nmoorties. 
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'Qll:i! lltlJJO(el11()$l; JiydratiJicallyremole $prl~ )21 inn systel\1 $1)(), }\'fore prefl)fll\:)Jy the Ut!ta 

5 table ls t:onfl~w:ed such that fut;. ma.'l.im1m.1 :Iluid. d~livl\lry de.la:y period is <lesignecl IQ be.applied .to 

theihur inQst h;ildi'aulibilliy':rei'nl:lte sprhlk:fo1-s, 8vcil: roore jll'eforabzyfue ·tabkis C\)J1.i'igurcd to 

· i:temiiV!lly vm'ifythi\t itle· il.\tld dett\'ilty ls a1'lpropr!arely delayed iit 1:00 tlmti .of s1,xil;,,~ler eperaii<."m. 
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fluid iiJschr.lrge ru: ¢e-i.i~press1iro ls verl!'l!!i:l. l,11,tlie tjl11e of' S.i?rlrik.fot ~~tU!ii<>~ Thtl~, t;hlircompµtil:r 

il.i11±Wat1011canverify.tlmrtl.1.dd1.Hscihm:ge afdesigned l'.)pet.atin.g prei;sure fa nut present at th~ 'l~ 

.tl1aS! hy.dti!Ulroiilly wmooi sprlru.der ·ar:t.11r,tl seoonds, that il!.tld disc~u1rg1.«at d¢lil.gn¢d J)Mmtfug 

S ~urel!}hdt pte~t at tl1e second most hydraulically tilooe:spW!i:ler three setl'luds hlter, ihat fluid. 

~ge a~. d~slg~-.0 oimntfing ptesllute: is not i:ir~'tm* at tn(:!· fhfrd mt~t byi:fo1u!foal!y t<,wol;;l 

Sprinkler :tlv¢ to ~ix ~c~ds a,i:ler !bii tinit ~t:tuati.oo, iiepe'!ldh1g upon ffie. claii.'i ·oi:'thlMiolllinodity, and• 
~dluW dib'Clwge at -de8igi1ed epera~ng. pfol!Sum is i\ot );lreseil1 at the foutth 11~~ hydi\!tilkiil!y 

remoro spfuikll:t :si.wen fo i!~!i! $!!COW ~ a1:tmition 1Jf\h11: t'ir;;t <wrilllder t\~~ndiug upon thc.cJl!Ss 

Hi \U'thll-ttm:imo<iity, Ivfore p.re.f•Iy; theclilmuhi.tfon veiitws tll!lt ni;i t)uiti fadiS~lwgecl ~ill,<) 

d~ig!\eifupili'atfog pr~re fu>m mty of ~~ .four rtiqilt remote. Sjltiriklern·prfor ~· w 1it fi\e·11u)menl gf 

activa1:i.9n of the fimtfu niost liy<lril.uHca!ly re11l(rte sprinkler; 

ftlf.thei• pr<:i.«mts tl\e f<.l.Ul',di.tinlmuµi, fl,uid d\'iivmy times ti.1 ttietespedl.ive 'four hyd1'all1foa1ly i;i!i:lse· 

s11litikkJrs, More preferably,. me d• tanlt:. pr~t& it>~u~ {lf;aprlnj<ler opettii}on :for sit.nukttitlg 

~stoo'l ~atkm <1.l'ld ,'\lezy~y '!Mt the huid flew is· ~fayed ~?ptop~fately, L~, fl:ukf ls npt pr~!lt or at 

!ettl!~ not tli~<chatged.2t designed ()!Jeri.ii~ pressure at.ttle first mosthydroo!ically c].Qse:<wrinklcr at 

K.lii!" soobnds, flttltl fan¢ df$.\lhm:gml t<t:designed xi~1'ill11'18 pteissur¢ iitihe second n'IQ,~fbym11lim1Uy 

~o elc•$e sPr!nklet at~ &ei::onoo11:.trer fim s1irklltler·.aclivation, mw.11s.not i'll~l.wg1:1d lit designed 

oper!jtiug ru-es.s11te at the. s,el;lon<l most ~ydrauliool!y cl6Se sprinllilet throo sel:m1d.~ aftet i'itst sprinkler. . . ' ., 

aetivatkin, lluid ls X!\!l.t dlSQnarg<;~ at ~lgn51d 5>peratfug J1!'Clllillt¢ iii the t~frd '!,llom· ltY~11!foaUy ,;Jose 

sprfokler five t<J ·six ~onds af!~I' 'firs.t wdnl\'!,¢r ac1i.>~~1~ deper;di,11~ µp.11n the ,.,hl~s.pf ihe 

oominoclit~, ai'!Gi fluid fa.nnt disahr.lrged at.designed open1tlng p~µm at fhe fourj.l1 most 
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hydr!iuticiilly .e1ose' 1>',PrhJkler ~~Xln ro.'¢g!lt.;;ecau$ after first spl'inkfot activation •im.IDg npoo 

the classi!f 110rn.ti\6d$fy, .Mere preibflitl:>ly;. lhe•f'Wlllla11hii, verifie,~ that fl\ll\i is ncl dlSclillrged at 

d!:l!ignc.d o~r..:it!~ pressur<1 ft!lml\!lY q,fthe four ~st hy~lica!ly iilose i;p~l\11$;!~ prk~t: t<lQl"f\i 

the niomei)t of·acil:¥iltil?n·l,}l'the)b!ll'ih most\!y<lt&Ulfoally cli;.se sp,fiJlld;,r, 

delhiery' delay pe~li ar~ ~whty a, i\nwtfori of'i!,P.rlnkler.,ID-ston!€>e deiltru:ice. Prekrt~ 

em~hnerits !if t1)¢ da~tal:il~ \lild sf !'!fem. s.!ibwti illld. described in pfoduct dani.stieei:, TFP370 .from 

Tyoo firo/l{lfai!<llrik Eto<lutl$ etitit.!~ "QUBLt~1'¥ Sy~i11J>;:.P~>il:Ctit>11 and. Dry Vi pe .. l\lte:t:Uathres 

fliirEfuniniitiag fo;;J(ack Sr,x11ik.lers'~ (Aug, ;WO!!' Rev: A}, whi,ch \s ip,;,,'t)f!Xirttted herciil.ln its. 

10. .mtin.>ty by i:e:&m:m:e, :Sbffw11 ln r:m, t'J~\, fa a preferred flovm~i.\rt ofa m«hod !if ~~perati1?n tbra 

prefettl.%l !J}'~l) <:o,11tlgured tu addre~fl a fire. ~I wiib a sun;arui:;;! and drown &ffect. 

(O;l~J Ace!lrti1ng,llf,. a'),'retem:d data·tabii: fucludts a fir.st data army clUU<1Cted:4n~ ih11 

Storage ooo:µ1~1'Cy, .a• ~011d d~ ru:t'~y ehaira<iteridinii a 'S)milkler, :a fnixd data may identifying a 

.hydraulic desigu, ii.tea as .a J:uncti6ii of the i\tst i;r1d ~mid darium:a}% and <1 '!oii1-rh data ;ir.n).y 

lS idllnti:fyioo a.,11:u1xirmll'11 fiuid clclNe.cy defoy period ruttl 41 inittirnrn:rt fluid 4<.iliverydelas µt.'tlwJ ~h 

bcingll function -0fmcf~~.1Jl\\:Qad and Jhltd.<\aia11111~ys, The ®t;i table i:l!tl lie oonfisui:l:<l ilS' ix 

!ria!Mip table hi wl:dch.aey or;~ of.® first s;;;c;ind, !illd illfW d4hl. aftiiys <lererinine lile fourth l:Hita 

!ln'!l:f· ,\!tematlv.cly,.:the database !Ian be. silnp!lt'kd, S()ll$ w .i:ireseat it smgfo specifleti ~\l~ttl!l'J. 

tl1iiihleflvezy delay period to he inemp:oro1ted into a czjlin;sconly dry sprhikler syEtcm. fo•i!il~~s .a; 

~O fJie in a stmilge 6ccupi.incy .with a-spmnk!cr'. \'ipe.~alional are~g, b11,yfatg ;;urr(lUild :inid dl'<,w-11 

coliiigurat~n :a\~'i\lt mi: .fire 't'V<:ltlt fbr'll given ·c.e!lhig heiJ?;h~ stcragll heigh~, and/or ct~aroK){j.iiy 

GJ!l.~si!ication, 1k prcfom;rl !ii1np!ifi.(ld dai!ibli!l\\f can !llm oo(\ied iii ii data sl:uiet.fat a sprillktimr 

prov;idi1'g ti sitlgli; ~hiid d~liv~ 4i.;!a;y peri<14 \hilt prcv:ldes li lltmQ\lrid nod i:lrQv;.'!) fire pwrcctfot\ 

<:-OVilrll!.W foi;p)l;;J -0rmqr;:·co~10&i.ty,,:;ia~sllicai:lons and $1(Jrag,e coitilgttl".itlmutoreci l~ occupan\:.y 
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l:mvfog a.defiw,':tl n1\'i;dm\un oo!illfi:l. l~li~ up to a.d~qnea ¢a"~ sromge helg:h:t; Fht ernni:qJ!t, . . 

·~ne illlllltrativ~·C111bl1tlh'®llt·iaf a sjmp~il!~d daJir.s\ioot fa FM Engineerfug ~llli~lil~ CH-06 (Feb'nwy 

20, 2006J wliieh Is lruxiry:i.•.n-ated h(;)T~ in its e11tirety :by refl:r1*~1ce, :1~ e~giph,lry $Wpti.t~c'd <Iii.tit 

sh\191 proVid(\$ a smi;\le ll'!i!xm1mn llui~ deliver ti1;1laypey)od of thidy iieoonif:; (30 5(."i;:,) f~r p~l.}t~tlon 

; tif.C!llasI alldJJ c11mmoditi~ tip·fo th:irty•l'ivi:.fee.t ~35 il) UJ.,a: fpr~1.'fo(lt (4a ft.) s1?1:age'Q!?~(lpa!)<.:Y 

ttifu1gi116.S K control mooe:spet!ifo applk.mfon spriril<ler. The data sb:ee>i can forl:fie.ri1rel~ly 

l.\pecify that the tlJ,lid QIJ!hmey delay ~oo ill tO be ~pmfoil®f at the foiir lni:ist liydrmi.lica!iy remofo 

wrlt!kkrs sn ail· to bring a~ut~ ~l#lVood lllld i;ll\J\~Jl cl'frct. 

[0261 l Given the. ·atx1ve d~i~ed spcink!ei: pe.tfomiiine.e dilta; t!J~tem deii!ig.n: uritliJ1.1, and 

HI klmwn.mei:rics for cllm-aL'W!Z'i:1.g :riiph1g system~ and.piping comt!Q11ents, .coofigtitti;l9ns; fiiu 

pi·pti.oetion syi.il.'!ln~,.11. fi:rcpro~e:ctioo cQti;figured tUJ: 1!4dr~ng 11 :ji:re event ·with a ~tildet 

opcratfouai area In a :wrt.ound'arui drown. l:Onfif,<Umtion can ~ rnodeled in syst~m model.i1lgit1uk! 

sh\1ul!lfi<)n. sof\~\'!lri;. 1be~l\'Ptfak~er t;yatem imd its sprinkleis can oo·n1odeied 1.1n<l. the $pdrik!er 

sy~ Cil!l lie S4'lti!'llicet11n.he1mcly desjgn a sys!mrt-Oilpiibl.e ~f.f.luid delive,fy iuaccordaooe witli 

15 the ;Wsigmid tl11id dtUvery per(<)df:1, For eXl\)!lple,.a dry cej.Uug-i}nly $j1rhikier iiyMeli'l coiiflgur«.l for 

addmssfug a .t:ire ev~mi V>ith a ,Ui.1'.0UT\<! !)!'Id ~reW!,l co,nfigiltal!o!\ can ~ ·Itit}dekl,i il). a sqftv.'!!l'e 

pael~ge: 'Such as. 00001iood..tn.11Ct 1 ~tl;ltmi.tior)al l.hmmt A.Wlil.iat?on fil~\i on. OcL ~ •. 2:004 mtlt!ed, 

"~ystem am.I, M<lltil.id !'',,r Bva!u.atit:m of fluid Flowln.aJ'i.p.lng Syst~mi'' having Docket NJID1l'.lct. s. 

F.B~Q0091 WO (7l!434-02'9'WtJ) wl:ifoh is fucotpi.>mi«! 1J7 i;eferen~ .In its entire!)', Uyd.ntvlica!ty 

:W rmiQte ·aiad mtl$flly(!raulkaHy cfose stprliikler tedvations ;:itn be l,'l'idhlilily ~quemx,'<l. in u maut\cr 

as pmvid~ .in a data tabk,fls,~l;K?wl:n~v~.to verlfytruit~~!td delivery oc.c11r.slicl:o1'dlll~ly. 

1,llZ(iZ] AJt~'lil~i1liv~ly i9 d?.slgi1ing, hill!ltl.fai.ltu~ <!l\Jd/pr q1m~ifYl!Ji a p,fm;ted.~eilin&:only 

rlcy ~prin~for syl\t\ll;,I having, n:11m:roimda;id .gn'l\l/n teapOll~· fo;:a fix$!, p~ ,a.ny qfits si.1b$)'Sl.ert1s. m· 
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e~il,J<ir e~p!e; \ICQuirin.g ll!l-Ob, a,,sy,stem, Jl\l&syial:ero 0!"¢6nmoni;µt A"Cqiii.rfog i.Ue qualified 

SJ)linliler 11!11.1 furtb{ir i;ru;~.repelying !l' qualitl.0d i,'})tj~1er: :>20, ~ pt\lf;,'l'l'ed dr:Y. spfo*-1.::r system 

5.00 \Jt !he.®Stg:ns imd methoi!s. 0J:mieli11 sy~t!.m\ as (lc$cill:led ~\)ove frqtn, fj:ir~!ll11ple; ~.S\lPP.!ier,or 

mam:tlilctul:cdn: fue,wiir®·1'1f i.\ busincss·ii0:-busim:1ss \;r'4)].~!l£.'tion,. thrpngh ll, supply chain rp~ion;sliip 

5 · $uen m1 bet~~ for e,.,Jii:lilplil, a'l:llal1Uikcm1w and 'l!uppller; between a !Mnuf'oofur.m:.and r.~l 

~li~: er ~•"li .a suppliel'U conttactor/inmatier~ Altemaiiveiy aeq~ition n!Ctoo' :iysiem 

aru.llqr Us ccmlptmeiit'> cM 00.. ;'\ccol'$lis]'n.iiHl:aj.\!;gjl a contractll'\1 :atrah.g~riwnt, fo1· l;)'{lir:np!t6, a 

<>O!lfrncl,Qr /instiji1er aoo ~'t\ll'&gt;, occupami)' om\er/l)perat-Ot, pi:cperfy lril1'iSMli<m.1;11iz,\h ~!l,:!'or · 

eJUilnplc, ll<J!e llg!'lill:)lneni !iet~ &e!ler <lJ.ld Pu}'.(;.l',.!)de.a;ie ag~ee~nt bcii><e~ !e1isor a\'ld (easee, 

distrf\mtfot\ of tlle fll'C:f<lr.rl!d :cciling..only dry sprinkfo:r. :sysmm with a su!iound and drp)Vll,thenual 

t4siiomre,.it~ subi?fe!ili:tis; oompmieni.s and/or ii.s mtthods of~ ilvll'flgu~on and u:w in 

!:O.il!'~ti.Qn tvitii tlle inl:hsaetl,:ni tjf aliquisit:J9n a.~deseribed abo\ie, The disttihuti<>n ofifui SfsJ:\lm, 

~t~ai~m, w:iilfor ""lt\1PQ!1e'i'rt~, ariii!e:r.its .assodated methods cab .includes thiJ proc~s of packi;ging, 

15 invoot9rymg or "l:l'llrehoti~lng and/or :iQ!pp!tig o:f 1he 1l)'s,tl!>ll1,:~"1bsJstem, t;ompmie11t<; ood/:0r its 

~soilii!Wd uwfucida 'Of de~ign, i:onfiguratioJ111ITd/rn; u~. The shippjng can .im;.lude fod)itidua! cyr bulk 

rt;msport iifil!e: sptlnlder:'1!0 over !!fr; land 9f wa~. 1'lu: avenue.s Qf ilisJ;rlbunqn ,;f pr~fert~ 

pri\d'.illts !llld .:ii:t11l~"5' can includ~ tl1-0se· &-ChematiC$1Jy. shown,. fer \'lXa;l'l,pli:;, fu FfG, 20: fl(>, 21:1 

m\l;;tl'.lll.fuli lmw· fue,pret~oo·syS!ems, wh~-xstmils, eomponents· and assru..'ia~d pn.1errn1fmcit1'01~s (}f 

:Zll fire pro~itin can he ln!~i;fot~i 'fri.>tn one plllty to !!ndthel' party, Fol" exan1i,Jie, tlie prof~ed 

sp.rink,l~ de$ign for I' sptiilkl!-"r qi.W.1l.tl«! t{) oo Ulled in .a ooilin:g-1.m!y dry sprinkktfo:r stOl:llgll 

p;:cnpan~ co:i;ifiguri;d fer11ddres$;.g.a :llfe eve.nt ;ilith·a li~llti,n>ild and drown oon:fig.tntiorr cat{&:, 

distrlbutedJroa} a qi;aigr!er'to ey1n,anui}lciurer, 1\~t.ho.dl! of.in~allt>t!® !IJld sysre:m design~ fora 
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pr.etl;ti-ed ~p:rlnk!er. !!Y~ limp!9yin$ th\l 1:lurr()J.\ni;I a¢ oro'\.'\i'l:! iif:fm:t etu.1. be tnm~forrei\i. from a . . . 

ji}264} in '.O.tt<i ;prefarre4 ~.ct.offuc pr~es~·-0i'4i'¢l'ilw.t,ipn, foe. p,i:ot:el>!M:~i fytrtliet incli,id~ 

publfoatkm \'if ilie pl'\ife1red $ptinkler sr~tt.'"Iil lulv~'!Jg asurri.mnd an.d drQW:!> res~ oont\g~r!lt\o:n. 

;;, !li'e !itlbsystem.s; oomponim.ts andii:lt associated sprhtlders, .mefuoos anti ~Ji)Oo.tlons o.f.l~ 

pti;iteeiiSm, fori;xamp!e, th!b·$'inleler 32Q ~ be p\1bEshdl .in il tatruogfur u sru(,"S ~)ff'ering:by ai\y 

o~.~l'a 1n4q1ufllctqr~):' a.tfq/pr ~uipmci:it.ll'\jpplier .. 1he l:µtli1~g Cim be a iiatd oopy inedia1_ilf.lth w; a 

paper ~:ttfal>)ll t)r brollfaite t;1r: altei:µ~tiveJy,. the ~0g can oo jn ei&:~onfo fomwt f(lr <!:JUIU'!Fle, tire 

t:aial\lg wi1 be an wi·line eatalog. av;iil~Je ttr.a pr0spooliiw ~uyer ~r u~ liVer a verwtltk:~l:lilh as, for 

910 fo.fj1¢rlbtmi~,mcmur,y stor~e functiomrwiili a.m11mory :.m:rag"1 de'liici:: {'i.l 1, m:xd forth~r for 

p¢00lliilg data P.to~l!SsliigQr nllltlnig :<iimulali6111for solvmg '"·lifot1latloos. The· p,toce:sslug Wilt .!lnd 

l\!Qr<1ge.~vk_e Cffi:l. b,e ~onl}!j)lred 1"!.l l>(IJ~e,, ~J' CX&.'lipfo, fi dl:"\t;ibam;of frre test data tO" bufl\'I a d<ttabaS¢ 

l 5 of design ~<ecl11 for c1mligufh.l1nmd C!eiligping.a spririll:k:r ify!l•. e;JJ,pkj:'ffog a .fhild ·ifoliw.ry dcilay 

~itlfor generating a sun-oJmd:~.~)\"ll'l efli:1ct MQreQvcr, !he deyice 60\) can be pllrform 

C(!}i..'!Jla!:mg fun(,'fip11s sach rui;.Jqr ~pie, :sol vfog fur ~kl~ aetiy<lifol.l ti1~1e ruiti fl.Qid 

disti·.ibutlon tJl'lles f!'1l!'ll a -O(Jt!Sttocied 1'-pl'itikler ·system mood. '.!'be compmer pl'l.lj\lCS:>;jllg;deViOO 6(10 

C!!l.! fur\lH:>t ihchlde, 1\. clat;\, entx}"device 6124 sad1 ~s. fur :ixiimple, !'I ctlmJmrar. !i:eyboai:d ro:1d n. displ<;y 

'..({) de.vloo, ©,lch. ll.l! fu,t ~~pJ.e, .a OOtn}:ltltet nl"onitor in: order J)crf"Otm · st1cil pro>:llSSes, 1'hc. (l{)nlp\ltei: 

pr0<.,~Sil'!g dcviye 6.00 t.;an Re e,mbddietl a$ a ;vorksti¢00, qesk!op c-0mputer, l~iwp cotnl_ll.lt'er, 

hi1ndbcld devi>Je, o;-n,etWQ.r!t. ~,er, 

[U2o6J One. (lr i:nw:e cqmp\iliJr pio~ns devfcil~ 600n-6®1i eu)l bc·rtetWiYw4 over a UN; 

w il.'N, \")f fa{<.,"mt.1 !lS. ~el,'IJ:, fo.r !l'X.rullple as S?G,rn, h.1 FIG, ! 9 fl)!' Ci:murt\'tilipatfot) to effept afairlootion 

IP-TEMP
Rectangle



WO 20071048144 PCT IUS2006/060170 
137 

of prefemd ~ p~\!.-'i.:1ii:in, tii:OO®t1 a!)d aervioool:ilij3~ .wiill. tldd~ilg a fire w!th a s!irrmmd. . . 

ims 4!:0:.vi1 efl:~t. Aceordfu~y, I!. i:yst~ ~d,met:hoiJ ii> P.t'1ferahiy :pii>vi.d~d tl;>r ti';mstetrin:g fi.t~ 

protection ey1iemS; sobi.}'!!t1.'!!!8, l>)'Si:em·.:-Otnponeni:s ru1dlori1s$Qciail,lll mi:itflods emplpyjns the 

SWl;o:und I.ind.drown ~triioi ~uch.!IS,Jt,r i:ll>'.&nRi<J; ~llJ?FinkliW32(} fot use in. aprefe,rred(l¢j:!\ng'p1tlr 

5· ;,pkler sy~w.m to pn)tellt a st6tagt: occupruiey. 'l'!!'e tt>.u:isfet '1'.lln oocur.betwem1af!rst ~using a 

1'irat conn1uwr . .pro~~lng d~ee 600b·atid a secQ:hd.party wing a second computerproce.ssin¥ 

devioo fill-Oc, The m~d pl~fe'.l·ably i!iQJt\4~ oflelfug a qualified $p>inkler :fur usi..dlia:dry <..'eilln!ffe· 

()nly $ptlnkler~ysima fu,r 11 $iorl!gc ~P§lnCY tllJ t\l; 11 ~ill4g il<:igjlt~f11bout fooy,fi~ fect,.havi.ng .a 

commocl!iy stored up w about forty f~ ;md d~liw"ril:!g the quaiifill:d ;iprlnk1ct iP resj;!Q~ to a 

10. r<iqtieiit fot a spiink1!t fo:r m.<e fu ceiling; only fire protectioo sygt~m. 

f !l:267.J Qfiwill.g:a qµalitiect :sprin!derJJtefm-ably ine!udes.pubfuiliin&: i1w 9.u11iiffe.d .$pl'ipkl.e.rin 

11t least 011e 6fa papQt public..<\tion and. nn iJn-llne pub!ioorion. fvfurl:oveI, :the i;i®1!;;J:lin~fin an~ 

i 5: prefer;l!1ly, wuploo to ·tfa:network for OO!lllll.Uilic~i~i,i \Vltlr.lln;;ither. cc>niputer pivoessing ~'ic~' 

600j!:'8ucll asfot <:J~llil, 600'1. Aliemati;vely any ($l')r QOmpitterpr~ce~slt1irdeviCl) ~ucl11$•lo(· 

~pie, a.fuj,)top l'iQOh, teil.plmne 000!: ~m\l ·.di~ital ~sistant GOQ~, Qr tiiblei AflOd l.lID:l ~Ci!ll# · 

· thepi;iblfoatioti to reeiilve l.iiStrlbutlon oHhli. spr.lnkler and the associated ·data array. ~fhe. l:wstfng C<!Jl 

farther h\oJude conil~U):iiigtl'W d1tla arr11y oo as to include a listing attthority efo:n1ent, a'.&>foi)i'1l' • 

.ZO el¢iwht, a te1f1J?i.ll'l!ttlre rnfu!g dia1a clement. iilld a spririklct ®.ta, f.Vn.figlmitinJ1,ei.emm1t Coi)fig11tiug 

ihe d$array pr¢fer!ililY. i11clw.ie~. !JOlXfi.!,"ll~l!lg'th.11· llsliug ·l!ut)tbrliy eleini::nt as for.eJ<illrtj:ile, being 

UL, '10nfi:gu:ri'(lg :ilieJl.4a1<\or l'.14tip11l~1t ll.ll ~jng.~91 sewnteen, co,llfigutipg't1w teinJli:ratl:ite 

tatiil,\i dil.ta el1..'rt'loofw \x,>l.ng.'l!bi:iot 286 QF, ai1cl:c.<~l)figuri1'lgthc/fWl11kl~ "!~nfiguriltio!'I d~ element 

l!fl upright Ht1$tilrg a illita am1.y can Jutthe1· il1~l i.!® ldi.'lrtlfYfog pm:am!'Jki;s for th~ ,ji:y ce.iliug ·Qnly • 
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SJ?rinld~ system,, th~ ~m~®tsJoolumng: a hy~i<Hlesign areal11dudi~~ a sp1'inkk.'t·to;sprinkler 

spacing; ((Jrui.."ii,!QMl furld ®li•>eIT ~lax perfod l;Q a.~st hydtaµlicalzy ttll'J.!ote sprinkli.-t; iuld··a 

mllllmi;m. :fu.ii:d d;;Uv<,"J'Y 4¢li<r ~Qd tq .th~ .11,lOm·.hy~al~y clblie i!wiµkl.er. 

'.l ,Je,,l~tlng ii fire !)tt>iettloo s.yslem for a S!lmlt!M and dl:;:l\m;effuct. t.1lstribi!Ung th~ inethm:l Cl\11 

im;l\l.dll! p11l:il.lciatin.11 ()fa d>ltfiliase of :desrgn· crlterlil as.·ati ci!ootronlc-di!m she..'t; such; Ill> for -0irnmple, 

£1tJea~1 one of:itn .!1tn~l fill\ ·,pal; or e4i,t~l~text flle. ·~dauibll~e can fottlret inctudc, in adlli'tkin 

in '!he •diita e!l)meJJ~ ·!illd d.e..~igii parli,ni.eters .destr~ ~. ttiltltiler~ai<irtaf id!lntifylng. !l rl$5r 

a~semhly t<ir µse w.Jth.fue sprinill.et:·c)flhe fim:d!l:'<ir !lit'ay, and c,v~i'!Ttll:thet: include f! $ikth data array 

HJ id~tifymg a l;liph1s sy111.em to couplc the cpiiti·ol va~ oftlw fifth daia ~Y ta tlie spi:i11ldet of(he 

fl!llnfatu .u:my, 

!ll269] A.11 end ot irltem11:diaru UWf,.of'ilre.p~oo·pi:oducts l.ll:ld servit~wi Wll ll~s a. 

~<er or wi,irklliatlm1 of a lluppl!er of sucli prod~ or services over a rtehvork as soot,fo PJG. l9 to 

dvwcl~ upload, ~s. ti!: irtf.i::nii{:hvitl:i a distri121.1red OO?npmierrt 01' ;.1srem brodiur<::, ooft>vare 

s:)'!ltein oocllgured t<indt'!rei;s.a fir<i eve.nfma g!.llWQnd and di:own respons~.sqcll \l$ for.e,'!'.l\m'P.le 

1'.FP.310 fr\tig. 2006 :iw11 •• Ii:) in m'derto acciui.re ot confi~ute i>uch a. sprinkler SJ(llll.lm fQt respQ11se'10 

.21] a .fiie eveufwii:h ii ~1liw1m1:i:and dro\.\<11 cOl1fij!Ura1i<m .. Ilurt!leritlott a des.ig.t~ can dfiWtilOtid ill 

uoo~ da~ t!lblilii· for tlwd de!l:very .. delay petlods, as desctib!%1 aoovc~ au.d further use ot U<iense 

simuliitkm oot'twar¢, SliCh .a11 ,for v.ill#.\nple th<ides\)filled lb PCT in1t1m:atfonaf Pat~l.11 Apl'licatian fi!e<.1 

Ol! Oct, '3, .20~ eutltl£d, "~yst$f:\l !l!lP M~~o<.f For EYal:uati'~ll1 O:f Flui~ Fkiw lit a Piping Systt.>m:," 
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having Dcrcket Ntim,hi"t S·l1~!1Q.Qfll W.O (73454..029\\f 0), to iterttlvtiiy desi~ a fiNl }.ltl'll'ectfon 

system hav.faga '1Utl'0\1<'1d and 4rllr\'Jl~ffect. 

!O-i71ll Wh1.w fue process.()fd!$trl!)1;1t1Qn, J!ll'O:vii.ieidvr i;ruhli¢fon.. -Of.t~e prrifei;re4 cejli~. 

Ohlfdo/.stirinkler:!)IS~s ~,ll 1Uli.ll'l'OJ;llld and dmwn res,ponse. c~'Ufiguratiq11,. ill! sullsyslf.\tml ~ 

5 i"tS iiswmatiild nwl:hodS fu a fultd ~y ;:n~dia formirt1 the' dlstri.bution pi:p~~s~ can fµrtl)er i,nelu®, 

dl$tributlon.of mi:\ earaloS!ld ihfuntiat'loit wi!l1 t!ie product or soovice being <il~tr~buted. For e-x.m:npi.i?, 

a[:iaper @py of the datll.SbC/.1i ·for the ~pririklet 320 can 00.ii:!cfode m'tlli;J pllCkliginl); :fut fuesprinlder· 
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What we claim is: 

 

1. A ceiling-only dry sprinkler system for a storage occupancy, the storage occupancy 

defining a ceiling height, a storage configuration, and a defined storage height, the system 

comprising: a riser assembly including a control valve having an outlet and an inlet; a 

first network of pipes and a second network of pipes disposed about the riser assembly, 

the first network of pipes defining a volume containing a gas in communication with the 

outlet of the control valve and further including a plurality of sprinklers having at least 

one hydraulically remote sprinkler relative to the outlet of the control valve and further 

having at least one hydraulically close sprinkler relative to the outlet of the control valve, 

each of the plurality of sprinklers has a deflector and is thermally rated to thermally 

trigger from an inactivated state to an activated state to release the gas, the second 

network of pipes having a wet main in communication with the inlet of the control valve 

to provide controlled fluid delivery to the first network of pipes; a first mandatory fluid 

delivery delay period defining the time of fluid delivery from the control valve to the at 

least one hydraulically remote sprinkler; and a second mandatory fluid delivery delay 

period defining the time of fluid delivery from the control valve to the at least one 

hydraulically close sprinkler.  

 

2. The system of claim 1, wherein the first mandatory fluid delivery delay period defines 

a maximum fluid delivery period of about thirty seconds (30 sec.) and the second 

mandatory fluid delivery delay period defines a minimum fluid delivery period of about 

eight seconds (8 sec.), the maximum fluid delivery period being the maximum time for 

fluid delivery at a minimum operating pressure to four most hydraulically remote 

sprinklers and the minimum fluid delivery period being the time for fluid delivery at the 

minimum operating pressure to four most hydraulically close sprinklers.  

 

3. The system of claim 2, wherein the network of pipes delivers upon simultaneous 

activation of the four most hydraulically remote sprinklers the minimum operating 

pressure of fifteen pounds per square inch (15 psi.) of fluid from the fluid source to each 

of the hydraulically remote sprinklers defining a design area within twenty-five seconds 

(25 sec.).  
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4. The system of claim 1, wherein the first and second mandatory fluid delivery delay 

periods are a function of at least the ceiling height and the storage height, such that 

wherein when the ceiling height ranges from about thirty feet to about forty-five feet (30 

ft.-45 ft.) and the storage height ranges from about twenty feet to about forty-feet (20 ft.-

40 ft.), the first mandatory fluid delivery delay is less than about thirty seconds and the 

second mandatory fluid delivery delay period ranges from about four to about ten 

seconds (4 sec.-10 sec.).  

 

5. The system of claim 4, wherein the plurality of sprinklers further define a hydraulic 

design area, the design area including the at least one hydraulically remote sprinkler, the 

at least one hydraulically remote sprinkler being four most hydraulically remote 

sprinklers.  

 

6. The system of claim 5, wherein the hydraulic design area is defined by a grid of about 

twenty-five sprinklers on a sprinkler-to-sprinkler spacing ranging from about eight feet to 

about twelve feet.  

 

7. The system of claim 5, wherein the hydraulic design area is a function of at least one of 

ceiling height, storage configuration, storage height, commodity classification and/or 

sprinkler-to-storage clearance height.  

 

8. The system of claim 5, wherein the hydraulic design area is less than about 2600 

square feet (2600 ft.2).  

 

9. The system of claim 8, wherein the hydraulic design area is about 2000 square feet 

(2000 ft.2).  

 

10. The system of claim 1, wherein the plurality of sprinklers further define a designed 

area of sprinkler operation having a sprinkler-to-sprinkler spacing ranging from about 

eight feet to about twelve feet and a minimum operating pressure being any one of 15, 22 

and 30 psi.  
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11. The system of claim 1, wherein the ceiling height ranges from about thirty feet to 

about forty-five feet, and the storage height ranges from about twenty feet to about forty 

feet.  

 

12. The system of claim 1, wherein the storage configuration is any one of rack, 

palletized, bin box, and shelf storage.  

 

13. The system of claim 10, wherein the storage configuration is rack storage and the 

configuration is any one of single-row, double-row and multi-row storage; the gas is one 

of pressurized air or nitrogen; and the first network of pipes comprises at least one of a 

loop configuration and a tree configuration.  

 

14. The system of claim 1, wherein the system is configured as a double-interlock 

preaction system, the system further including one or more fire detectors spaced relative 

to the plurality of sprinklers such that in the event of a fire, the fire detectors activate 

before any sprinkler activation; a releasing control panel in communication with the 

control valve, wherein the control valve is a solenoid actuated control valve and the 

releasing control panel energizes the solenoid valve for actuation of the control valve 

upon receiving signals of either a pressure decay or fire detection; and a quick release 

device in communication with the releasing control panel to signal the releasing control 

panel of a rate of decay of gas pressure in the network of pipes.  

 

15. The system of claim 1, wherein the storage configuration is a commodity of at least 

one of (i) Class I-III, Group A, Group B or Group C with a storage height greater than 

twenty-five feet; and (ii) Class IV with a storage height greater than twenty feet.  

 

16. The system of claim 1, wherein the plurality of sprinklers comprise a K-factor of 

about eleven or greater and an operating pressure of about 15 psi. or greater.  

 

17. The system of claim 1, wherein the plurality of sprinklers comprise a K-factor of 

about seventeen.  
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18. The system of claim 1, wherein the plurality of sprinklers are control mode specific 

application sprinklers defining a hydraulic design area that includes the at least one 

hydraulically remote sprinkler and a grid of about twenty-five of the sprinklers on a 

sprinkler-to-sprinkler spacing ranging from about eight feet to about twelve feet.  

 

19. The system of claim 1, wherein the plurality of sprinklers are control mode specific 

application sprinklers defining a hydraulic design area that includes the at least one 

hydraulically remote sprinkler, the hydraulic design area being less than about 2600 

square feet (2600 ft.2).  

 

20. The system of claim 1, wherein the storage configuration is Class III and is stored 

beneath a ceiling having a maximum ceiling height ranging from thirty feet to forty feet 

(30 ft.-40 ft.), the rack storage being any one of single-row, double-row and multi-row 

rack storage; wherein further the plurality of sprinklers are control mode specific 

application sprinklers defining a grid with a sprinkler-to-sprinkler spacing ranging from 

eight feet to twelve feet (8 ft.-12 ft.) so as to define a coverage area per sprinkler ranging 

from about eighty square feet (80 sq. ft.) to about one hundred square feet (100 sq. ft.), 

each sprinkler including a sprinkler body having an inlet and an outlet with a passageway 

disposed therebetween to define the K-factor, a closure assembly, a thermally rated 

trigger assembly to support the closure assembly adjacent the outlet of the sprinkler body, 

the trigger assembly having a temperature rating of about 286° F., and a deflector spaced 

adjacent the outlet to define an upright configuration of the sprinkler, wherein further the 

first network of pipes include at least one main pipe and a plurality of spaced apart 

branch lines interconnecting the grid of sprinklers, the first network of pipes locating the 

grid of sprinklers relative to the wet main wherein further the at least one hydraulically 

remote sprinkler includes about eighteen to twenty-six (18-26) hydraulically remote 

sprinklers in the grid of sprinklers to define a hydraulic design area of the system, the 

first network of pipes which, upon activation of a first hydraulically remote sprinkler, 

delivers fluid from the fluid source to the most hydraulically remote sprinkler within 

twenty-five to thirty seconds (25-30 sec.).  
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21. The system of claim 20, wherein the hydraulic design area comprises about twenty-

five (25) hydraulically remote sprinklers.  

 

22. The system of claim 20, wherein the hydraulic design area is less than about 2600 

square feet (2600 ft.2).  

 

23. The system of claim 20, wherein the storage occupancy is a freezer storage 

occupancy.  

 

24. The system of claim 20, wherein the grid of control mode sprinklers comprises a 

plurality of upright control mode specific application sprinklers.  

 

25. The system of claim 24, wherein the grid of sprinklers has a minimum operating 

pressure being any one of 15, 22 and 30 psi. 




