Contents

PIEfaCE o s iii
AUSITalian Preface .....oooiieiiiiiiiiieiicc ettt v
ACKNOWIEAZEIMENLS ...eeueveiiiiiieiieeiite ettt ettt ettt et sttt et et sateeseesaee s vii
Chapter 1: Introduction 1
Lol PUIPOSE ettt ettt ettt ettt ettt sab e et e st e b e e saaesnbaesanesanes 1
1.2 Performance-based Design ..........coeeviereiiiiniriiiniinieiieiesiteieeeeieeeeieere e 2
1.3 Regulatory EnVIrOnments ........ccccoeeviereeriereenieneeneneeniestenieeeesieeeesieeeenieens 2

NeW Zealand ..........coeecveiiiiiriiiieiee et 2

AUSTTAIIA .ottt sttt b ettt 3
1.4 Specific Fire Engineering Design .........ccccceveevirieniiniieninienenieneeienieeeeniene 4

Quantifying performance...........coceeeeeeecuerieniinieniineee e 4

OWNEI’S TEQUITEIMEILS ..veeutiieenierieetertteteettenteeitenteestesteeneesseetesseensesaeensesseas 4
1.5  Design ConSiderations ......c.c.ceeeueruterienieerieneeniesieenteseestestesieetesbeesesbeesesneens 5
1.6  Compliance Schedule in New Zealand ........cc.ccocevirieniniininiicnenicnienienene 5
1.7  Insurance and Building DeSign .........cccceeviirieriirieneiienieeiesieeeeieee e 6
1.8 Design DOCUMENIATION ....vevietieiietieietieiesieeteeiee et stesieesae et b eseeseeeneeneens 8
1.9 Peer REVIEW ....eouiiiiiiiiieiiccee ettt 9
Chapter 2: Fire Engineering Design Strategy 11
2.1 INEFOAUCTION ettt ettt ettt sttt e e bt et st e e eaeen 11
2.2 Building and Occupant CharaCteristics ........c..cecuerreeriereenueneenieneeneeneenenneen 12
2.3 Fire Protection Features .........ccceceviriieniieiieniieienieeieeeceeee et 12
2.4 Acceptable Performance ..........ccoccooeeieriieienieienieieecee et 15
2.5 Performance REQUITEMENLS ........cocueeruieriiiniiniieniieeieenee et 15
2.6 Fire Engineering ANalySiS .....coccceerierieriiieniieieeniieeieeste ettt e s s 16
2.7 Fire During CONSIIUCTION ....c.eevuieriiierieriienieeieeniteesieeseesieesitesseeseseesseesanens 17
2.8 Fire Following Earthquake ...........cccoocieviiiiniiniiiiiieieeieceesieeeeseeiee 17
Chapter 3: Fire Risk 19
3.1 INEFOAUCHION ...ouiiiiiiieiiceitee ettt st s 19
3.2 About Risk and Risk Management..........ccocueevueeriiernieeneennieenienieenreeieenneens 19




RiSK Management ..........coocueeriiiiiiinieniieiecieete ettt 19
RiSK tOICTANCE ...ttt e 20
Risk Management PrOCESS .......cocveeruierueenieriieeniiesieenieesieeseesseesseesseensees 20
RiSK NAMING ..ottt 22
3.3 Risk Management and Fire ..........cccoocevviiiniiniiiniiiiicceeieeeceeee 22
Communicate and CONSUIL .......c.coovereriiinirienieeneeeeeceeeceeeee e 22
CONEEXE ottt ettt ettt ettt be et st sb ettt e bt et e sbeentesaeenesaeen 22
RISK CITERIIA .ttt 23
RiSK @SSESSIMENL ...ttt 23
RisK 1dentifiCation .......ceeecvieiiiiiiieiiecie ettt ete e reeseae e e 23
RiSK QNALYSIS ..eouvieiieiieieeiiee et s 23
RisK eValUAtIoN ......cceociiiiiiiriiiiiiecciecceseecece e 24
RiSK treatment ........couveiiiiiiiiiiciieieecere e 24
MONItOr AN TEVIEW ..eutiiiiiiriiiiieienieeienie ettt saee e saees 24
3.4 Practical EXAmMPIES ...cceeviiiiriiiiiiiiiiiienieeteee ettt 24
DUSE @XPLOSION ..ottt sttt ettt 24
FATE ottt s 26
3.5 CONCIUSIONS ...oouiiiiiiieiiieiiee ettt ettt ettt s 26
STANAATAS ...eveeiieiiiieieeeceee et 26
Benefits of risk management ............coceerieriieenieniieenieeeeeeeee e 26
Chapter 4: Fire Behaviour 29
4.1 INrOUCTION oueeuiiiiiiiieieeteet ettt ettt ettt et sae e 29
4.2 Fire INTHALION .veeeueeeiieciiecieeeiie et eeite et et e eve et eeaeesteeesaeebeessseeseessseesaenneean 30
4.3 INCIPICNE STAZE .uveeiiniieiieiieiieeteete ettt ettt ae e 31
4.4 COMDUSIION outiriiiiiiietentieteettet ettt ettt st e e st e b sttt e b eaee e enee 31
Smouldering COMDBUSTION .......covviiiiierieriienienieesie ettt eieesreeaee e 31
Flaming COMBUSHION ......oevuieriiiiriieiiienieeiteeteeite ettt 32
4.5  Fire Growth Stage .....ccccoiiviiriiiiiniiiiiitcieetce ettt 32
4.0 FLASNOVET .ueiiiiieiiecieecieecte ettt ettt ettt et e s saeebe e ssbeeseessseensaennaean 34
4.7  Fully-developed Fire ........ccccooeviriiiiiiiniiiieeceneceeeeeee e 35
4.8 DECAY STAZE .euvenviinieiieieeiteteet ettt ettt ettt st et sttt et et 38
4.9 INTEIVENTION Lioviiiiiieiieiieeiteesteeiteesteesteeeeeeseessseeseessseesseenseeesseesseessseesseensses 38
410 DSIN FITES .utiiiiiiiiiiiieeieesieeieeste ettt ettt ettt ettt e e e saee s 38

Xii



Chapter 5: Pre-flashover Fires 41

5.1 INEFOAUCHION ..ottt ettt s 41
5.2 Calorific Value of FUEIS .......coceevirieririiiiiicierieeeccceseeeeceee e 41
5.3 DeSIZN FITES c.uuiiiiiiiiiiiieiieeieete ettt ettt et st en 41
LiqUid fUCLS 1ttt e 42
SOLIA FULLS ettt 42
BUINING ODJECES ..ttt ettt s saesaeas 43
CalCULALIONS ...ovviiiiiieiiiiteteeeeeee ettt ettt st saeeas 45
Worked eXamPle ....c..cooveriiriiiiiiiiceeeee s 47
5.4 ROOM FITES ooouviiiiiiiiieeee et 48
5.5 Detector and Sprinkler RESPONSE .........coeeerverieiiniinieiiieieeeeeeeceeeeeeaens 49
ACHVALION TIMNC ..enevintieitiieeiieitente ettt ettt ettt sb et saeeeesaeeeesaees 49
L SATELY cuveeieeeiieeee et 50
Chapter 6: Post-flashover Fires 53
6.1 INEFOAUCTION ..eiutiiiiiieiieeteete ettt ettt ettt a et se et et e e e saeenean 53
6.2  Firecells and Fire COMPArtments ..........cccevveereeeniernieeniensieenieseeesreeseeesneens 53
0.3 FITES oottt st s 53
FAre 10AdS oo 53
Fire duration and teMPETatUres ..........ccccceueeruereenierresieeeereeeeneereseeenenaees 54
Thomas’s flashover correlation .........cc.coceeverierenieneniiineneneecceeen 56
Worked eXaAmPLe ......coovieiiiieiiiieeee e e 56
0.4 FITE SEVETILY ..eeeiiiiiiiiiiieiieeie ettt ettt ettt sttt st e e e s 57
Equivalent time of fire eXpOSUIE .......c.cccoeevierienienierienienieetesieeee e 57
Ventilation faCtor ........c.coeeviiriiriiiiinieeiee e 58
Tabulated VAlUES ....cc.ecoviriiriiriiriieiereeeeeeeeeeee e 59
Single storey buildings ......cccveceeieriieienieieeiee e 60
Worked eXamPIE ....cc..eeviiiiieiieiieeeeeere e 60
6.5 Expected Structural Performance in Fire ........cccccoceviniininiinniincnienenn. 61
o a5 (o OO O PRRR PR 63
6.6 Fire RESISTANCE ...c.eovviruiiriiiiiriiiieniieieeiteteet ettt st 64
INEOAUCTION ...ouiiiiiieeeeeee ettt 64
Design based on limiting teMPETature .........cceeeveerieeneeenieenieennieesveeneennens 65
Design based on equivalent time ..........coeeererierenierieeieeneeeeseeeeseesee e 65
Determination of fire reSiStance ........cc.ccoceevervenerieneniieneenieneeneneeneeenees 65
Standard fire resiStance teSt .......eeverueriertierienieieeeerte ettt 66
Fire test faCilities .......eevveeriieeiieiieeiieeieeteet ettt 67

xiii



Fire resistance by calculation ............coccoecereeviniiencnienenncnenienneene
Fire emergency design 10ads ........ccccoceevirieniniincniieniniceeieee
Propietrary lIStINES .....ccceeveerieiiinieiereeie et

GENETIC LISTINZS weuvvertierieiieenieeiteete ettt ettt s

6.7 Structural StEEL ......oeiivviviiiiieeeieeiee e e

Design using unprotected steel members ...........ccccevceereerierenienneae

Alternative design solutions incorporating unprotected steel

Limiting steel teMPETature .........cevuereereriereenienieeientesieeieeieeeeneene

Determination of time to reach limiting steel temperature

in standard fire eXPOSUIE ........cccereereerierierieienieeee e
Passive fire proteCtion ........cocccevvueevierieinienieeieeeesee e
Design tables for passive fire protection .........c..ceeceeceeveneesieneenen.

Worked examples of simple application.......c...cccceceeeveeveeneereenncnne.

6.8  Reinforced Concrete and MaSONTY .......c.ceecvervueeriencieeniensieenieeeieeaees
INErOAUCTION ...ttt
Simple design Methods ......c.c.eeveerriiiriiiiiiieiieeieeeeeee e
Temperatures and material Properties ..........coeecereerenveeneneenenne.
Structural calculation .........coceevierriieriieniierieeeeeee e
Worked eXample ........coceeveiieriiiieinieeeeeeeee e

Advanced Calculation methods ........ccvevveiiviiiiieiiiiiiieeeeeciieeee e

6.9 Structural TIMDET .......c.eevviiiiiiiriiiieie e
TNErOAUCTION Leuviiiiieiie ettt
Recommended design methods .........c.coceveeviinieniniincnicicnieen.
Heavy timDEr ....cccueeviiiiiiiiieeiieeeeeee e
CONNECLIONS .uvveeerievieeteeeteeeteesteesreesseesseesseessseesseessseesseessseesseensens

Worked eXample .......oovvervieiiieieieeeee e
6.10 Lightweight Drywall SYStemS .......cccceveevierieiienienienienieeeeneeeeseeene

Timber framed WallS .........oooveiiviiiiiiiiiiee e
Steel framed WallS .......oeiiiveiiiiiiiiiiee s

Floor/ceiling SYSEMS .......cceerveeieneieieniieieeieeee sttt

Predicting fire resistance of drywall construction exposed

t0 COMPATtMENE FIrES ....eevieniiiieieeierieeterieee et

Design gUIAEIINES .....oevveeviieiiieiieniieteeee e

Chapter 7: Fire Spread

7.1 INrOdUCHION ....oviiiiiiiiiicicicice e
7.2 Fire Spread within a Firecell ...........coccocceviiiiniiiiiniiiiniiineeeeee
ODBJECLIVE ..ttt ettt ettt ettt et st s sbe e

Xiv



Surface spread of flame .........cooeeeiieiiiiniiini 101

CONCEALEA SPACES .vveevrieiieriieeiie et eite st et e sttt steebeesbeebeesbeesaeesaeeas 102
Partitions ..o..eeueeieiieieeie e 103
7.3 FIre SEPArAtIONS ...c..eeuveiieiiitieientieie ettt ettt e ettt et e e et e steeneesaeeneas 104
ODJECLIVE ..ttt ettt ettt ettt b et et ettt st e b et nees 104
SEPATALIONS .evvieriiieiieriieniterteerite et enteesbeesteesteesasesaseebeessseeseesaseenseesasens 104
Method 1 —FRR/3 ..ot 106
Method 2 — Hand Calculation Method ..........ccccveeieeiiieiieecieeieeseeeee e 107
Method 3 — Radiant Exposure Area Method ..........cccccoeeiiiiniincnnicnene. 108
Method 4 — Numerical Modelling .........occceevueenieniienneenieenienieeneeeeeee 108
Penetrations and CIOSUIES ........cccueeeuieeiiierieeieeriieeieeree e esee e eseeeeae s 108
DIOOTS ittt sttt 110
7.4 Fire Spread to Other STOTEYS ...cc.uiiviiiriiriiiiiieeiierieeeeste et 111
Floor-ceiling SeParations ...........cceceeveereererieniereeneneenieeeenieeieeseeenee e 111
Service ducts and Shafts.........cccccoiereriiiiniiiineeen 111
CONCEALEA SPACES ...vveenereeiieriieiiie ettt ettt ettt sttt st e saeesaee s 113
STAITWAYS .evietieiieieeierieete sttt et e et e e bt e te st e et e eseestesaeetesaeenseeneensesneas 113
Combustible cladding materials .........cccceeveererienienieniniereeeneeeeeeene. 113
EXterior WINAOWS .....ccc.couieiiriiiiiniieieneeieeeeie et 113
Worked eXamPIe .......cccueruieiiiniieieeee e 115
7.5 Fire Spread to Other Buildings ........coocveviiienieniiiiniiniieiecicesee e 116
FAre TESISTANCE ...ttt ettt 116
Modes Of fire SPread .........cceeeerieriineniierieiereeeseeeeee ettt 116
DITECE CONTACT....eiieniiiiiiieiteteeteete ettt 116
RAIATION .ot 117
GLAZING .ottt ettt ettt ettt b et ae e 118
MULtIPIE OPEIINGS ...ttt ettt ettt 119
Configuration faCtOT .......ccueevuiiriiiriienieete ettt 119
Separation distances for calculations..........occoeevererieneenienienenenienenennenne 119
Received radiation ........c.coceeierieriinenieneeieseeeee ettt 120
Worked eXaAmPIE ....cc..eeviiieiiiiiiiieeieetereete et s 121
FLyIng Brands ........cocceeeviierieriiienieeienieeeeete ettt 122
7.6 Urban Conflagrations and Fire Following Earthquake ............cccceeeeenen. 122
MitiZation MEASUTES ..eevveeueeririerieeriierieeriteeteesiteeteesteesbeesseesareesssesaseennes 123
Chapter 8: Detection and Suppression System Design 127
8.1 INITOAUCTION ..ttt ettt ettt s s 127

XV



8.2 Fire Alarm SYSIEMS ......cevuieriiiriiieiiieiteeieeite ettt esieesve et seteesaeesabe e 127
8.3 Detectable Effects of Fire ........ccccociiiiiiniiiiniiiiecicccccneccseecs 129
8.4 Detector RESPONSE ....ccueruiiiiriiiiiiieiieitet ettt sttt 130
8.5  Thermal (heat) DeteCtors .........coeevieririienieienieeeeerteeeeseee et 130
8.6 SMOKE DEIECLOTS ...c..eiuiiiieiiiieitieiest ettt ettt ettt s 132
Photoelectric smoke detectors (light scatter/Tyndall effect) ................... 133
Tonisation chamber SMOKE .......c..coeeiirieriniininieericeececeeeeeeeee 134
Linear beam (obscuration) deteCtors ...........cooeeeevueeeeeeeeeeiueeeereeeereeeennen 135
Aspirating SMOKE AEtECLOT ......eeruveriieriiiiierie ettt sve e iee s 135
Domestic (residential) smoke alarms ...........ccceeevveeeeieeeeiieeeeiieeeecreeeennen. 136
8.7 Other DeteCtion TYPES ..ccveervereiieriieiienieeieeete ettt e sre et saeesare s 137
Manual Call POINES c...eevviirieriienieeiterte ettt be e e 137
Electro-magnetic radiation flame detectors ...........coceveecveriecieneeceennennn 137
GAS AELECTOTS ..uvereienieriietieiteteeteete ettt sttt sttt s b et esbe e esbe e 138
Duct smoke detector hOUSINGS .......ccceuevvererierienienienieieieeeeeeeeeeeeese s 139
Fire SprinkIer SYSIEM ......cccuevivieriiiiienieeieesie ettt s 139
Multiple-criteria (multi-sensor) deteCtors..........cueveeuereeeenieereeneeeeeneenns 139
Video smoke and fire detection ...........cocceeveererieneriieneniieneeienieeeeeene 140
8.8  Fire Detection and Alarm System TYPes .....coocvervrieriieiieeniieiiinieeseeeeeee 140
Integration of fire and other building SErvices ..........cccceeveeveerienieeceenuennes 142
Type 5 and TyPe 7 SYSIEIMS .....eerureriieniiiriteeiieeiteeiteere ettt 142
8.9  False (nuisance) Activation Alarms .......c..ccceeveeeereenernieneencneeneneenennens 142
8.10 Automatic Fire Sprinkler SYStems ........cccecerierirrieninieneeieseee e 143
GENETAL ...ttt 143
SPIINKICTS ...ttt ettt ettt et ettt sae e saeeneas 146
Method Of OPETALION ..cc.viereieriierieeiieie ettt 147
SPINKIET TESPOMSE ....eeeneeiieiieiieitietest ettt ettt ee st e see e saeeaeas 147
CONtrol VETSUS SUPPIESSION ..uuvieereeiiieriieeieenieeieesteeieesseenieesnseessaessnesnnes 149
DiStribution PALLEITIS ....c.ceveureieuiriririintieentetetertesteeeree et ee e seens 149
Recessed SPTINKIETS ....cc.viviiiriieriiiiieeieeteeieete et 150
Concealed SPrinkIETs .......ccceveerieriinierierenieeseeteeee e 150
Residential SPIINKIETS .....cccceevvieriiriiiirieiieeieeteeeeee e 151
Suppression mode SPrinkIErs ........ccccveevierierienienienieieneee e 151
Control mode specific application sprinklers .............cocceceeeecieneeceennenne. 151
Extended coverage SPrinkIers .........c.coeveererienerienenienienicneeieneeeeeeeenne 151
Dry SPIINKIETS ..coouviiiiieiieeieeteeeeeee et 152
On-0ff SPIINKIETS ...cuveiiiiiieiieieeeceeee et 152

XVi



Special application SPrinkIers ...........cocceeeveevierienieneeninieeneeeeseeeeeeeeen 152

OFTIICE SIZE ...uvivieiriiieiiriicieet ettt st 153

Types of SPrinkIer SYSEMS .......cceveviereererienerienie ettt 154

WL PIPEC ottt ettt ettt ettt sae e 154

DY PIPE ettt sttt 154
ANTEEZE SYSTEIMS ..ueiientieiiiteeieeteete ettt ettt 154

Pre-action SPrinkIETs .......ocvivvvierieeiiienieeieeriecceee e 155

DElUZE SYSIEIMS ...ueeneiiiiieriieeite ettt ettt st 155

DrencCher SYSIEMS ...c.veivieriiiiierieeieeereee ettt 156

Foam Water SYSIEIMS .....eevuiiriiiiniieiieniteeieeitee et 156

Water MiSt SYSIEIMS ...eeuviruieieriieieniieieeitent ettt e s ee e e saee s 157

Hazard classifiCation ..........ccoeeverieiienieniinienienteeetee et 158
RESIAENTIAL ...ttt 159

Domestic Sprinkler SYStems ........cc.cecueeeeeereeriereeneneeneneereneerennens 159

Design calculations .........oeeeerieerieriiienienieerieeeesee et 159

SPrinKIEr SPACING .....cevuieeiiriieieitieieeiee ettt 160

SpPrinkler IOCAtION .....cc.eiuierieriiniieieniieieeteteettee et 160

Approval of sprinkler SYStemS .........cccceeeererienerienenieneeeseeeeeeeenee 160

Sprinkler system failures ........ooceeeeveerieriieeieenieeeeneeeee e 161

Design alteTNatiVEs ....ccc.eeeeeiriierieeiienieeieeste ettt 162

8.11  Other SYSTEIMS ...eeuviriieiiiieiiiieritete ettt ettt sttt s see st e b seeens 162
Hydrant mains SYStEIMNS ....cc.eevueeierieriereenieneeniesitenie ettt 162

Gas flood fire extinguiShing SYStEMS ........ccceevieriieenieeriieenienieeneeneeennes 162

Other specialised fire protection SYSLEMS .....cccveerveriueereerrueeneesiveereennens 164
Hand-held fire eXtinguiShers ..........ccccocevirieninieniniiececeeeeee 165
EXtingUishing aZENts .....ccocuerivieriiiiiienieiiterieeite ettt 165

FATe NOSE TEEIS ettt et 166
Installation of fire extinguishers and hose reels .........cccocceveeiencenencne. 166

8.12 EWIS SYSEIMS c.uuviiiieiiieiieeieeite ettt ettt ettt sateeaeenaee 166
Chapter 9: Mechanical Smoke Movement 173
0.1 INTrOAUCHION teovviieiiieiieeiieeie et este et eeeeesteeeaeebeesaeebeessaeessaessseeseasnsaenseenns 173
9.2 Mechanics of Smoke Production.........c..cocceeeeieninieniniiineeniencencneenecennen 173
General deSCIIPLION ...c..uevieuiertieierieeie ettt 173
Constituents Of SMOKE .......cccveerieeieeriieiieeeee et eee et esre e ereeeveesaeeeeeeas 174

SMOKE fOrMAtiON .....ovuiiiiiiiriiiieniiierteetee et 174

SMOKE EXNAUSE ..c.viiieiiiiiiiieitieteeteee ettt st 175
Fundamentals Of deSIZN ......cevvieriiiriiiniiiiieeieeieeeeee et 176
Estimating the volume of smoke produced by a fire .......ccccceecvvevivennennne. 176

XVii



Determining the size of the fire .........cccooeriiiniiiininineeee 177

9.3 SMOKE MIZIAtION ..ottt ettt et sae e 178
9.4 Wind and Stack Effect .......cccoceviiiiniiiiniiieccceeee e 180
9.5  Smoke Clearance SYSEIMS ........cccecueeriririrerenienrenienreeeteeeeeeee e 182
GENETAL ...ttt 182

SYSTEM COMPONEIILS ....eeuviiteieenienieeienteetentteteettebeeseeteeseestesseeseeeneeneesnees 182

SYSEM AESIZN 1eeuvieniieriiieiieeieeite et erte et e stesteesiresteesbaessbeenteesnbeesaeesasees 183

9.6 Typical HVAC SYSIEMS ..c.ueeriiiiiiiiieiieeiteeieeieesteeete ettt s 184
9.7  Configuring HVAC Systems to Control Smoke Migration ..........ccccceeeuuen. 185
9.8 Escape Route PressuriSation ..........c.eeveerieenieniieinienicenieeicesee e sreeiee e 189
(€15 1 1<) 1 USRS 189
Pressurisation syStems deSIZI ........cceeeereruerienienienienienieeeeeeneeeeeseneens 193

Air leakage via dOOr Zaps, €LC. ...ccervierierierieienieeeteteet e 194

OPCIN AOOTS ...ttt ettt ettt sttt sttt et beeab e b et sbe e 194

DOoOT OPENING FOTCES ..ovvviiiieeiiieiieeiierie ettt 197
Positive pressurisation of eXit WaYS .....ceceevvieerieeniieniieenieeneeneeesieesneennes 198
ODBJECTIVE .ottt ettt ettt sttt e et st e b e e aeeeee 198
Single-stage PresSuriSAtION ......c.eeceeeveerieriieerieeieeesieesreesieeseeeseeesaeeas 199

TWO-Stage PresSSUISALION ....c.ccererreerererrerterienrerieeeeeteeeeeeeeeeresrenaens 199
Pressurisation of StairWells .........cccoevererieneniieninneneeeneeeseeeeeene 199
Pressurisation of lobbies and corridors...........ccoeeverernenenneneenennene 200

SUMMATY .ottt sbe et eeesbe e s e s e enesbens 200

9.9 HVAC Equipment Testing and Rating ..........ccccocevevvenenenienennnncnenennenn 202
9.10 Emergency Control of HVAC Systems .........cccceeervienervieneenieneeneneenennne 203
.12 CONCIUSIONS ..vvvieirieiieeiieeieeieesteesteesteesteeeaeeseessseeseeesseesssessseesssessaesseeans 203
Chapter 10: Fire Safety System Interfaces 205
101 INrOAUCTION eveeuiiiiiiiriieieeitcteeteteet ettt sttt et st st sanens 205
10.2 MethOAOIOZY ...oouviiiiiiiiieiieiitete ettt sttt ettt 205
10.3 SYSTEIMIS 1.ttt ettt ettt ettt ettt sbe et sbe e b sbe et e sbeenbesbeens 205
104 INTEITACES .eouvieieniiiiiiieiieteee ettt st 207
10.5 HVAC and Active Fire SYStemS ........ccocerieririereniienenieneeieneeiesieeeeniens 209
GENETAL ...ttt 209
Identifying the fire floOT .......cccovieiiiiiriiiiieceeee e 209

10.6  Fire SPrinkIers .......cooeeuieiiieieiieiieiteeieieete ettt sttt 210
10.7  Automatic Fire ALArms ........coccevieririeniniiinieiineeieneeeneee st 212

Xviii



10.8 Emergency Electrical POwer Supply .......coooeeveiiiiniiiniienieenieeieeeeeeeee 214

10.9 Commissioning and CertifiCation............ceceevevererenienienienreniereeeeeeeeeenene 216
Chapter 11: Means of Escape 217
11,1 INtrOAUCTION ueieuiiiiiiiiiieiceitcieeeteteet ettt st sttt s 217
11.2 Occupant BeRavioUT .........ccceiueeieriieieniieieeeeie ettt 217
11.3 Basis for Engineered Design of Escape ROULES .......ccecvveviirviiiniinniieninenne 218
11.4 Number of OCCUPANLS ....c..ccveriiieieiriiiieteteeresteeteree et 219
11.5 Escape Route GEOMELTY .....cc.eevuieiieriiniieniieieeniieeieesitesreeseeeieessesseenee 221
Number and use of €SCAPE TOULES .....evuverrurerierriieeieeieeeieeneeseeesiresve e 221
Separation Of EXItS ....cecueirrierreiniieiierie ettt et 221
EXIt WIAEH et 221
11.6 Decision and Investigation Time ........cccceceeverieneriieneiieneeieneeeneeiesiens 222
11,7 Travel TIME ....cooueviiiiiiieiieicieeicteeectteeeete ettt sttt 222
11.8 Time for Conditions to become Life Threatening ..........ccccceceevervevennennen. 225
11.9  Tenability LAMIS ..oceoverrerienieieieieceiteen ettt e 225
CONVECHION ...ttt ettt ettt e ae st ene e nes 226
Radiant HEat ......cocuoiuiiiiiieieeieee e 226
VISTDIIILY vttt ettt ettt eneas 226
Narcotic or asphyXiant ZASES ......ccccevuereererienerienienienieerenie e eee e 227
IITIEANE GASES ..veuveiiiiiieieeiieteett ettt ettt ettt ettt eat e bt 228
11,10 Other ISSUES ....cocueruiiiiriieiieieieeicteeectte ettt ettt 228
DiSCOUNtING Of ©XIES ..euvevieuiirtieieriieieeeente ettt ettt 228
People with diSabilities .....cc.eeueerierierierieie e 228
Multi-storey buildings .........ccceeveeeererieeneniieneneneeeseeeseeeee e 228
Worked example — egress desigi .......covereererienenienienieneerenieeeeeeeene 229
Chapter 12: Fire Modelling with Computers 235
12,1 INrOdUCTION ...eouiiiiiiiiiieicetcteeeete ettt st st s 235
12.2 WAITINES ettt ettt ettt ettt sb et bttt satentesbe e beeieenbesanens 235
12.3  Categories of MOAELS ......c.ooviiriiriiiinieieerieeeee et 236
ProbabiliStic MOAELS .......cccueriiiiriiiiierieeieeeee e 236
Deterministic MOdelS .......cccuevuieiiriiiiriee e 236
12.4  Fire Growth MOdeIS ......ccceeoieriiiiiniiiinieiineeieeteeeecne e 237
GENETAL ...t 237
Z0N€ MOMEIS ...ceveiiiiiiiiiiieiieeeeeee et 237

XiX



12.5  Structural Fire MOdels .........ccoeeieiiiriininieieeieieeese e 238
12.6  Evacuation MOdelling .........ccceeeuerciiiniiriiienieeieeniee et sne s 239
12.7 Risk Assessment MOEIS .........ccueruerieriirieniieieriteeseeee et 240
12.8 BRANZFIRE ..ottt 240
FRATUTES ..oviiieiiiiiieteet ettt 241
LIMItAtIONS ..cveveitiiieieeieieee ettt 241
Validation ....c..cocviiiiiiiiiiieieeeee e 241
12.9 Fire Dynamics Simulator (FDS) .....cccooiiiiiiiiiieeee s 242
LIMIEATIONS .ttt b et sb e e e 243
Chapter 13: Provision for Fire Service Operations 247
13,1 INErOAUCTION uvieuiiiiiieiiieieetet ettt ettt st ettt sieens 247
13,2 SCOPE ettt sttt sttt ettt e 247
13.3 Fire Service Access and Water SUPPLIES ......cccceverviereenieneeneneerieneeienens 248
FIre SEIVICE ACCESS .uvevieutieiieiieiienieeite ettt sttt sttt eat et et nee e 248
Fire fighting water SUPPIIES .....cccueevuieriiirrienieeieeieeee e 249
13.4 New Zealand Fire Service Operations Guide ...........ccceeereerereeneneeniennnnns 250
13.5 Fire Brigade Intervention Model .........ccccoviiviiiiniiiiiinnieiieeieeieeeeeeeee 251
13.6 Fire Resistance Ratings .......ccceecueriiieriieniiieniieiieieeieeee e 251
Chapter 14: Fire Fighting Water Supplies 253
14,1 INTrOQUCTION uviiuiiiiiieiiieieeitet ettt ettt sttt s e e sttt saeens 253
142 SCOPE ettt ettt ettt st ettt et et be et 253
14.3  Principal ConsSiderations .........c..ccoeeiererienieeiienieenieneenieseenieseesesieeneesseens 253
14.4 Water Supply ReqUITEMENLtS .......cccueevuierieiiiiiieeieeiieeiee ettt 255
WaALET QUANTILY .oeiuviiiiiiiienieeieeriteeitest ettt ettt et be e 255
REIIADIIILY ..ttt 255
WaLET CONSEIVATION .uevieueieiieiieieeteeieetteie et eatesteeeesaeetesbeebesneebesaens 256
WaLET QUALIEY ..eouviriieiiiienieetes ettt 256
Statutory FEQUITEIMENES ....ecueetiriieteriienteeitenteetesteete et et seee st saeeseesaeeneesaeas 256
Worked eXaAmMPIES ...c.cevvuierieiiiieiieeie ettt 257
14.5 Fire Service Operational Fire Fighting...........ccoocoeiiniiniiiininiicieces 258
Fire hydrant SYStEINS .....cc.eeeertierieriieiereerte sttt 258
14.6  Testing of Water SUPPIIES .....eevviriierieeiiesieeieeie et 259
Timing of Water SUPPLY tESS ..cevuveriuiiriirriienieeite ettt 259

XX



Fire sprinkler system fIOw teStS ......cccoveevuerienieriieneniieneeceeieseeeeeeeee 259

Flow tests for fire hydrant systems in buildings .........cccceceveeiienveienncnne. 260
Fire hose reel system flow teSES ...ccueevuierieriiieniienieeee e 260
Fire Service water fIow teStS ......ccccevuerieririeneiiereeeeee e 260
Water supply system computer Simulation ..........c.cceceeveeeenenveneneenennn 261
14.7 Design of Fire Fighting Water Supply Networks .........cccocveevverciienieniennne. 261
GENETAL ...ttt 261
SOUICES OF SUPPLY tvveeeiiiiiieeieeiteeie ettt ettt s saee s s 261
Water supply network design Criteria ..........coveveereeeenieesieniieieneeeeeeeenes 262
Domestic and industrial water supply design .........ccccceceeeveriecieneeciennene. 262
Fire fighting water supply design ........cceoceveenerieneniienenicieienceeeeeene 262
Hydraulic design procedure .........coouevuerrieriieinieniieeiee et 263
14.8 Design of Water Supplies for Fixed Fire Fighting Systems .........cc.cccc..... 263
GENETAL ...ttt 263
Pipework design for fire sprinkler SyStems ...........coceveecieniecieneeiennenn 264
Fire hydrant systems in buildings .........ccoceeceeveriienenieneniininienceienene 264
Fire hose 1€el SYSIEMS «...eevuveriieriiiiierieeit ettt 265
Notification to the fire SEIVICE .......cevuerieririieniriinerieseeeeeeeeeeene 265
14.9 Operational Fire FIghting ........cccccooeeiiiiiiiiiniiiinieceeseeeeeeens 265
Fire Service ProCedure ........cocierieirieriieenieeieerite ettt 265
Fire service access and facilities........coceevereeneriieneniicnienicnieienceeeeenne 266
14.10 New Zealand LegisSlation ...........cccceevierieiieneeiieneenieneenieneenieseesieseeneeeieens 266
Chapter 15: Domestic Fire Safety 269
15,1 INrOAUCTION ueeiuiiiiiiiiiieieeitcteet ettt sttt s 269
15.2  Scale of the Domestic Fire Problem ..........cc.ccccovveeiiniinicniencnienenicnennens 269
15.3 Prevention of IZNItion .......cocueieriiiiriiniiiinieeiesiceescee et 269
HUuman aCtiVIties ........ccueeeevierieriinienieeieneeeene ettt sre et 270
Equipment failtire .........c.coceririiiniiniiniecieeteeeee e 270
15.4 Domestic SMOKe AIArmS .......cccuiiieiuiiiiiiieeeiee e e 270
Location of SMOKe alarms .........ccceeeerieenieniieinienieeieeeieesee e 271
Interconnected smoke alarms ........coceveeverieneniienennienieeceeeeeeee 271
Battery powered versus mains-wired ...........coccoceereriienenniininiieneeenenn 271
Maintenance of Smoke alarms ........c.ccoceverienenienenncnenscneeieneeeeen 271
Waking effectiveness of alarms .........cocceeeeeereniieninienieeeeeceeeen 272
15.5 Suppression SYSLEMS ....cec.veerveerieriiierienieesteeieesite et eiee st et saeeesbeesaee e 272
Domestic SPrNKIETS ......co.eeiiriieiiiriiiereee et 272

XXi



Hand-held fire fighting deVices .........c.ccceerieneriieneriinincieieeeeeeene 273

Fire exXtingUISHETs .....ccccoiuieieriieieieeieee et 273

HOSES ettt e 273

FAre DIANKELS ...veevieiiieieeeie ettt 273

15.6 MALETIALS ..uveeeeeeiieciieecteeete ettt et eete e st eebe e taeete e seeesbeessaeense e saesnseennes 273
Upholstered fUINIture ..........coceevveerieniieiniienieeeeeieeee e 273
PIaStiCS MALETIALS ...ecvveevieeieeiieeieeieeeie et e ete e ae e s be e e seveesteeeaaeeaes 274
Curtain fabrics and CArPeLs ......ccceeevueeriieriierieiiierieeee et 274

15.7 HoUSE CONSITUCTION ..eeuvieriiieiieriieeiieeieeieesteeieesitessieesieesbeesasesseesssesnseennes 275
LININES 1ttt ettt ettt st sttt ettt et et et e b enee 275

DIOOTS ittt st sttt eba et eanes 275

FAT@ TESISTATNICE ..veeuvieeiieiieeiecite ettt ettt et e be e e st e e naeeeaseees 276

ESCAPE TOULES ..ottt ettt sttt et e 276

15.8 EdUCALION c..eiiiiiiieeiiieitete ettt ettt sttt sttt e b e sane s 276
Do00rs 0pen O ClOSEA .......ceueruieiiriieierieee et 276

ESCape Planming ......c.cceevvierieriiienieiiienie ettt sttt 277
Flammability of fabriCs .......cccceoeriiiiniiniiiiiereeceeceeeeee 277

15.9 RecOMMENAAtIONS ....cccveeeiieeiieeiieeieeriteeieesieeeteesreeereesaeesseesseessaeenseessneennes 277
Chapter 16: Rural Fire 281
16.1  INEFOAUCTION .vvvieiiieriiieiieniteeiteete ettt ettt e e beesite st et esabeesasesateesbaesaneenss 281
16.2 NZ Fire History and Current Fire Problem .........c.ccoccoviniininiinnincnnn. 282
FAT@ NISTOTY ..eiuiiiiiiiiieiiteeee ettt 282

FATE TOSSES .vveeneiieiieeiieeiteete ettt et ettt st e e saaesabe e 283

RUTA] fir€ CAUSES ..vvieviieiieeiieciiecieee ettt ae e eereesaae s 285
Regional fire TISK ...ccveeiierieiiieiiececceee e 285

16.3  The Fire ENVIrONMENt .......cccveviieiiienieeieeiieeieenieeeieesiee e eseeesnneesveessneenees 286
R 11 1 1<) USRS SSRRRRN 287
TOPOZTAPNY ..ttt ettt et e 288

FUCLS ettt ettt st e e e s b e e sbaeenaeeans 288

16.4 Vegetation Fire Behaviour .......ccccocuiivieriiiiiiiiiiiiceeeceetce e 289
Vegetation fir€ SCIBNCE ....cvverrierieeiiienieeieenieeieesteeieeste e e seeeebeesaneeaes 290

Flame front charaCteriStiCs ........cueevuervueerieeiieerieeeieeeieeeieeseesveeseeeeeveeaees 293

16.5 Fire Danger Rating .......cocceeviiiiiiiiiiiniieieesiee ettt 295
New Zealand fire danger rating SYSteIm ........cccceceevuerienierienieniienieeeeneenn 296

16.6 Rural Fire Legislation and Management ..........c.cceceveevereeneneeneneeneneens 298
Fire management aCtiVities .........coceeeuereenierieneneenienreieeeceeeeee e 299

XXii



16.7 The Rural-Urban Interface Problem ..........ccceeevveveeiiiiiiiiiiiiiiiiiiiiieieinennens 303

16.8  CONCIUSIONS ....eeutiiieieeiieteeitest ettt ettt ettt ae st e sbe st enbesseenseennans 305
Chapter 17: Regulatory Framework in Australia 313
17.1  INEFOAUCTION «..eiuiiiiiiieiiriieieet ettt ettt sttt et s sinens 313
17.2 Regulatory Framework .........cccoooieriiieniniinieieceeceee e 313
17.3 Building Code of AUSITAlia ......c.eevveeiiierieeiienie ettt 314
17.4 State Legislation and Regulation ............cccoeeecierieienienenienieseeeeceeeiene 315
17.5 Building APPIOVALS ..c.eevvierieeiienieeiteeiteerteete et sre et esbeesaeesebeesasesaseees 317
17.6 Registered Professionals ...........ccccceeierieiienieiiinieereee e 318
17.7 Maintenance and Essential SEIviCes ........cocevereriienieeneniinenieieneeenens 318
Chapter 18: Regulatory Framework in New Zealand 321
18.1  INtrOUCTION ...eouiiiiiiiiiieicetcteeecteee ettt ettt st 321
18.2 Building Control Framework ..........ccccoceviireeiininneniineneenieneeeseeseeens 321
The Building Act 2004 ......cccooiiiiiiiiinerereeeeseeeeeet e 321
PUIPOSE .ttt et st st 321
PIINCIPIES 1nvviiiieiiieie ettt et 323
APPICALION L.eiiiiiiiiiiieiiieeteet ettt ettt st sbe e s e 324
SETUCTUTE onvienitieieeeite ettt ettt ettt e st et e st et esateesbeeeateeebeesaneenees 324
Building regulations ..........ccooeeverierieriene e 325
The New Zealand Building Code .........ccceevieverieninienenicninienecieene 325
18.3 Compliance Paths .........ccoceiiiiiiiiiiiiiieeeecee e 326
Compliance dOCUMENLS .....cccueervierieiriieiieenite ettt et s esaeesaeees 326

18.4 Building Requirements for Flammable Liquids and Gases

under the HSNO Act 1996 .....ccooouiiiiiiiiiiiinieeeeeeeeeteeeeeeee e 327
18.5 Australian/New Zealand Standards ..........c.cceeveevierneeniienieenienieenieeeeee 329
18.6 International Fire Engineering Guidelines ..........cccccoceevereenenenneneenennens 329
APPendix A: NOALION .....c.ecueeiereieiieiereeieeeeree e eee e sae st eseeseeeeeseeens 331
Appendix B: Heat Release Rates ........ccoccvevieeciienieciieinieciecie e 337
Appendix C: Fuel Load Energy Densities .........ccccoevevvenieneerenenencnennenn 341
Appendix D: Section Factors for Steel Beams........cccccoevveeviienieecieeneennnen. 353
Index 355

xxiii



XXiV



