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Executive Summary

In this report you will find the analysis of existing fire protection systems and features that are
installed in the Construction Innovation Center at California Polytechnic State University, San
Luis Obispo. The Buildings construction was completed in 2008 and is separated into three
separate buildings A, B, and C connected by an exterior balcony. This report is separated into
two separate analysis Prescriptive and Performance.

The Prescriptive analysis reviews the buildings means of egress, fire alarm systems, the
suppression systems, and the structural fire protection. The Prescriptive-based analysis of the
Construction Innovation Center confirms that the building meets the requirements of NFPA
101, The Life Safety Code, NFPA 13, NFPA 17, NFPA 72, NFPA 92, The International Building
Code (IBC), and The California Building Code (CBC).

The performance-based analysis investigates two different fire scenarios. The first design is set
in the lobby of the first floor of Building A. The second fire design scenario examines the effects
that a fire would have on Buildings B and C if it started in Building 187, The Simpson Strong-Tie
Materials Demonstration Lab, which is in the courtyard of The Construction Innovation Center.
For the performance-based analysis Pyrosim and Pathfinder were used. Pyrosim is a type of fire
dynamics simulator that simulates fire conditions inside a building including temperature,
tenability, and other features. Pathfinder is used to simulate evacuation times. Both design
scenarios yielded positive results of Required Safe Egress time (RSET) being greater than the
Available Safe Egress Time (ASET).

The Construction Innovation Center meets all code requirements and showed sufficient
performance during the fire simulations. | would recommend that the Simpson Strong Tie
Demonstrations Lab and The Construction Innovation Center have connected fire alarm
systems due to the buildings having about a 20 ft. separation distance. If one building caught on
fire it could ignite the face of the other building. The occupants of each building would benefit
from being alerted to a fire in the adjacent building.

2 | Matthew Atwell

CAL POLYy

SAN LUIS OBISPO




Fire and Life Safety Analysis

Contents

Table of Contents

Contents
StAtEMENT Of DISCIAIMEN ..ttt ettt e e et e e st e e s bt e e bbe e sabeesabeesabeesbaeenbeeesaseas 1
LGN Ao o L3S 1
EXE@CULIVE SUMMIAIY ..ttt ettt e e e ettt e e e e e e s b e e e e e e e s e s s s bbbt e e eeeessnnbbaeeeeesesannrnneeas 2
o 0 =T Y o o1 10
(0eTo LI T o ) =1 g 1o T o OO PSP PPOTOPPTOPPPRPI 10
Figure 1: Codes and STAaNAards .......ooceeeiieiiieiiieerieeeiee ettt et ste e et e s saee e sabeesbeessbeesbeeesaeeessseesnbeenns 10
The Construction INNOVation CeNTEr OVEIVIEW ......ccccueiiiiiiiiieeiieeiieeetee ettt e st e st esbe e e saeeessbeesareesbeessneeesneeas 11
Figure 2: Aerial View of The Construction INNOVAtion CENTEN ........ccueivviieiriiirieeriee et 11
(S ToToT ol ol - o H O T OO T O PP U UV SP VP POPPTOPPP 12
Figure 3: The Construction Innovation Center, First FIOOT ......coocuiiiiiiiiiiiiiiiiiecriee e 12
(@ 1ololN] o F- 1o ol @ =1y T or 1 d o o W SR 13
Figure 4: The Construction Innovation Center, first floor color coded........ccovviviiiiiiiiii e, 13
(CT= a1l ] @ o 1 d 8 Lot o T o F PR OPPTOTPPRRO 14
General CoNStIUCTION SUMMAIY.....ccuiiiiiiiie e cctee et e s ree e e st e e e st e e e s sate e e esateeessnsaeeeessseeeesseeeeesseeeessnsnnesanns 14
Table 1: IBCTAbIE B0T......cccuieiiiiieiieieeteeie ettt ettt et et s bt s bt e st e sbeesbe e s bt esaeesbeesaeesaeesaeesaeesnnesnnesanesnnes 14
EXEEIION WallS ..ttt ettt ettt e h et e at e e s abee s bt e e sbeeesaeeesabe e s beeebeeeasbeesnreesnneanas 15
INEEIION WIS ...ttt ettt b e b e s b e s bt e s bt e st e e s bt e sb e e sbeesaeesaeesatesaeesabesbeesnnesnnesnnes 15
FLOOT CONSTIUCTION ...ttt ettt et b e bt be e st e e s b e e s bt e st e e sbeesbtesaeesbeesaeesneesaeesneesnnesanes 15
ROOT CONSTIUCTION ...ttt ettt ettt e sa e e at e e st e e e bt e e bee e sateesabe e s beeebeeeanbeesareesabeeaas 15
SNATE ENCIOSUIES.....eiieeeeete ettt ettt et ettt ettt et e et e et e e abe e be e beeabeeabeeabeenbesnbeenbeenbeenteenee 16
Fire Rated Corridors and STAITWaYS .......eeiiiciiieiiiie e scee e e e e re s e st e s e st e e e sataeeesnteeeesnsaeeessnsenesaneneens 16
FIZUIE 5: FIr€ Rt STAINWAY ..vveiieciiee et ettt ettt e e tree e e et e e e e s ta e e e e ataeeesbbeeeesnsaeeeesnbaeeesantaeesesreeens 16
TS IY=Y o 1= T Lo T T 11 o 1SS 17
Table 2: IBC TABIE BO2..... . ittt ettt ettt ettt et e st e ettt e sab e e et e e e abeeebaeeaabeesabeesbeeeaneeesnbeesabeaaas 17
INTEIION FINISN REGUITEIMENTS ...eiiivreeieeiiee ettt e ettt et e et e e e etbe e e e s baeeeestbeeeeebbeeeesataeeessbeeeessaeeesantaeeesnsraeens 18
Table 3: CBC Table A.10.2.2 ...ttt ettt et s bt ettt e at e e st e e et e e et eeeateesabeesbeeeabeeesabeesabeenas 18
SEruCtUral Fire Prot@CTION SUMIMAIY ...oiiciciiieiecieeecciree ettt e et e e e e tre e e eettaeeeestbaeeestbeeessntaeeeenataeeessbeeeesnbaeeessraeens 18
ESrESS ANQAIYSIS OVEIVIEW ..eeueiiiiieiiee ettt e e cttee e et e e e st e e e e st e e e e taeeeeataeeesastaeeessseeeaensaeeesassaeeesstesesssensesnnseneesnns 19
TOtal OCCUPANT LOGM ... .uiiiiieiiiee ettt ettt e e et e e e s tee e e e ateeeeeetbaeeesbaeeeeabaeeeasseeeesnbaeseeasbaeeessbeeesanraneeensreeens 19
3 | Matthew Atwell

CAL PoLy

SAN LUIS OBISPO



Fire and Life Safety Analysis

LI o] (SR S o =1 M@ 1Tl U] o = ol o - o SIS 19
Table 5: Occupant Load of BUIldiNg A FIOOF 1 .......veiieiiiiiiiiiieeecieee ettt eerve e e esaree e e eerbaeeeerreeeeenbaeeeenns 20

o S N O T o I- Lol 1 PP PP TPPPPPPPPO 21
Table 6: All Door Widths and EXit Capacity.......cccccuiiieieiiiiiiiiiiieee et e e e ssrarrrre e e e e e e s snarare e e e e e e s ennreaeeas 21
Table 7: All Stairways and EXit CAPaCity.....uueeiiiiiiiiiiiieee ettt e e esrcrtre e e e e e e s s earrare e e e e e e s sarraaeeeeeeesnnnreaens 21
Figure 6: Location of Exits and Exit Signage of FIOOr ONe ........cocuiiiiiiiiiiiniiiieeeee et 22
N[00l o= o] A o £ PP PR PP 23
AFTANZEMENT OF EXIES .veiiiiiiiit ettt ettt et ettt e st e e st e e s sbee e rateesabeesabeesbbeesabeesabeesabaeenbeeasabeesabeeans 23
I [ Lo I = 1 RV LA [ a1 B = g ¥ T=d I RSP 23
Common Path Limit, Dead-End Limit, and Travel DiStANCEe .....cccuvvveeiieiiiiiiieeeeee et eeaaraeeees 24
TADIE 8: LSC TABIE A.76 .ttt ettt et ettt et e st e e bte s sabe e s st e e sabaesabaesbteesabeesnbaeesaeesnseesnbeesns 24
Horizontal EXit - Fir@ RATEA DOOIS. .....coiiiiiiiieiie ettt ettt ettt e st e bt e e sbe e e sateesabe e sbeesbeeesseeesnreesaneenas 25
Figure 7: Fire Rated Doors Floors 2 and 3 of Buildings B and C.........cceceevviiinieiniienieesiee e esve e 25
EBrESS ANAIYSIS SUMIMAIY ..iiiiiiiieiiee ettt e e rctee e et e e st e e e st e e e e st eeeeeantaeeesseaeeeanseeeeaansaeesanssaeeessseeessnseesessssenesans 25
Fire Alarm Systems and SiNAIS OVEIVIEW .......uiiiiiiiiieiiieiiie et esieeseesriae e siteeste e s te e sbaessaeeessbeesabeesbeeenaseesanees 26
Fire Alarm Systems and SIZNQAIS ......eeiiiiiii i e s e st e e et e e e s nt e e e e r e e e e nataeeeanraees 26
Table 9: Devices in the Construction INNOVAtioN CeNTEN ........coiiiiiiiiiiiieeieeeee e 26
Figure 8: Location of Fire Alarm Devices in Building A First FIOOT .....ccocvivviiiniiiiiiinieecec e 27
SequeNnCe Of OPEIratioNS IMALIIX . ....ccciiieiiciee ettt ee e s e e et e e st e e e st e e e ssnsaeeeesnteeeesnseneeeaseeeesnnsnneeanns 28
Table 10: Sequence of OPErations MAtliX .......eecccveeieiiiee e erree e et e e e stre e e e sbreeeeerbaeeesrreeessnraeeennns 28

Fire AlQarm CONTrOl PAN@L.....c.eei ettt ettt ettt et e st e e bt e e be e e ebe e e s abeesabeeebeeesaeeesnreesaneeas 29
Figure 9: Fire Alarm CONErOl PANE.......ocuiiee ettt et e e tae e s are e e e s aree e e sabaeeeeentaeeeenreeens 29

LN TN DBVICES . . s e aan 30
MaNUAL PUIT SEAIONS ...ttt ettt ettt et e st e e bt e e be e e saeeesabeesabeeebeeesuteesnreesabeenas 30
Figure 10: ManuUal PUIl STatioN .....cccuiei ettt e e e e et ae e e e ar e e e e sbaeeeesabaeeeeentaeeesnreeens 30

L LT L D= =T o PP PR PPPTPPRT 31
FIBUIE 11: HEat DetOCIOr. .o, 31
VUL SENSOT DEEECEON ...ttt ettt ettt e hte e s e e st e e e bt e e bee e sabeesabeesabeeebeeesnbeesabeesabeanas 32
FIZUIE 12: MUILE SENSOT DETECTON ... vveiiiciieee et ettt eetee e eeree e et e e e s tae e e e ebae e e setbeeeesbbeeeesnbaeeeensraeeesnsreeens 32
SIMOKE CONTIOL ..ttt ettt et et ettt e et e et e e bt e st e e abe e be e be e beenbeenbeenbeenbeenbeenbeenbeenbeenbennns 33
Photoelectric Duct Detector and SMOKE DAMPET ........ueeiieiiiieiiie et e e esre e e sntee e e e rae e e e satae e e snaeees 33
Figure 13: Photoelectric Duct Detector and SMOKE DamPer......cccvvieeicieeeeeiireeeecetreeeecetreeeestreeeesareeeeenareeees 33
Annunciating Devices / Audible and Visual NOtification .........cccoooiiiiiiiiiicieeceeceeceeeeeeee ettt 34

4 | Matthew Atwell

CAL POLYy

SAN LUIS OBISPO




Fire and Life Safety Analysis

ANINUNCIATON <.ttt ettt ettt ettt e ettt e e et e e e sttt e e e aabe e e e e abe e e e s neeee e aseeeeensbeee e aabeeeeenbeeeeaasbeeeeanbaeeesanbaeesanreeens 34
Figure 14: ANNUNCIATON cooo i, 34
(o] o [P P PP UPT T PPPPPPPPO 35
FIBUIE 15: HOMN oo, 35
R HE0] o1 T O T PP PSP P P TOP PSP PP UPR PPN 36
Table 11: Room Spacing for Wall-Mounted and Ceiling Mounted Visible Appliances..........cccoecueivieenienne 36
T I Y o] TSRS 37
Horn and Strobe CoOmMBDINATION ......coiuiiiiiiiie ettt sttt e be e s be e sbae e sateesabeesabeeeas 38
Figure 17: Horn Strobe Combination ..........uiiiiii oottt e et rre e e e e e e st ae e e e e e e e eanraaeeas 38
REMOTE POWET SUPPIY . .eteitieiiit ittt ettt et e e rtte ettt e st e st e s tae e beeesabeesabaesataesssaeesseessbeesnbaessaeessseesaseesnseesns 39
Figure 18: REMOtE POWET SUPPIY...iiiiiiiiiiiiie ettt ettt ettt e st e e sabe e sbeessbeesbeeesaseessseesnreenns 39
Inspections Testing and Maintenance for Fire Alarm EqQUIPMENT ........viiiiiiiii i 40
Table 12: Inspection and Maintenance REQUIFEMENTS .......cccuiiiiiiiriierieeriee ettt e seee e sereesbeeeas 41
Table 13: Fire Alarm Equipment Testing Table .......cooiiii i e e 42
Table 14: Fire Alarm INSPection Table .....cocuiiiiiiiie et saae e e s be e 43
Fire Alarm and SYStEMS SUMMAIY ...cciiiiieeiiieeecciieeeseee e e sretee e e seee e e e sataeeesentaeseseteeeesnseeessnssaeeasseeeeesnssesesssseneennes 44
Water-Based Fire SUPPression SYStEM OVEIVIEW ........uiiiiuiiiiiiiieeeecie e setee e erte e s stee e e sree e e e seee e e s sneaeeesnneeeeesnsees 44
SUPPrESSION SYSTEM TYPE .eeeiiiiiiiiiiiieee ettt et e e e e st e e e e e e e s abbr et e eeeeesannbateeeeeessaannrraeeeesessssnnrnneees 44
Figure 19: Basic Components of a Wet Pipe Sprinkler System .........coovvvevieciei i 45
Hydraulic SUPPIY Of the SYSTEIM .....eeiieee e e e e et e et a e e e e bbe e e e s baeeeeentaeeeenraeens 45
Table 15: Pressure and FIOW Table ..ottt ettt st e st esne e 45
(@ Tololt] o F-1a T A & 1) i or] 4 o1 o VUSSR 46
Table 16: Most Remote LoCation from RISEI ........coiiiiiiiiiienierieeteiterieese ettt 46
Table 17: Sprinkler DEnSity/Ar€a CUIVES .........ccvecueeiiieiieecieecieeeteesteesteesteesteesteesseesaeesasesasesseesssesssesssesasesans 46
Table 18: Hose Stream Allowance and Water Supply Duration Requirements for Hydraulic Calculated
Y S IS s 47
Yo gL LT 2 1= 1o L PSPPSR 48
Figure 20: Comparison of Quick Response and Standard Response Sprinkler Bulbs ..........cccccceeevveeeenneenn. 48
Figure 21: Quick Response Series TY-FRB Upright SPrinkIers ..........cccoovveeiecciee i 48
RISEI INFOIMIATION L.ttt b e be e s bt e s bt e st e e s beesheesatesaeesbeesaeesnbesatesaeesntesneas 49
L Ve 1 TU ] [ Tol D T=T o - o 1SS 49
Figure 22: Most Remote LOCAtioN frOmM RISEI ......cccviiiiiiiei ettt ettt stre e e stre e e e sbae e e e earae e e enraee s 49
Figure 23: SUPPlY and DEMANd CUINVE.......ccii e cciiee e cceee et e e rtee e e e e e e e ratae e e s sate e e e snteeeesnsaeeeennteeessnnsenens 50

5 | Matthew Atwell

CAL POLYy

SAN LUIS OBISPO




Fire and Life Safety Analysis

Fire DepartMent CONNECHION .....uiiii it e e e s e e e e e s s s bt e e e e e e e s s s sabbaeaeeeaeessnssbenaaeasenan 50

Y oL a1 LT o ] o =Tt o o ISR 51
Sprinkler Testing and IMainTENANCE ......coouii ittt ettt et e st e s bt e e sbte e sabeesabeesbeeenees 51
Water-Based Fire SUPPression SYStEM SUMMIAIY ......coicciiieeeeeeecciiiree e e e e eseettree e e e e e s sesraaeeeseessssssssseeeeessssnnsssnnns 51
Prescriptive Based ANalYSiS SUMIMAIY .....uuiiiiiiiiiiiiieee e e eccciitee e e e e eessttteeeeseeessssaraaeeeeessesssstasseeeessssansraneeeessssnnnnes 52
Performance Based ANGIYSIS......ouiiiiieiiieiiie ettt ettt et ettt e s e st e s be e e sate e sabe e st e e st e e e bte e s abeesabeeebaeeaaeesateas 52
Figure 24: RSET VS ASET ..., 53

e o 1] o PP PP PPPPPPPPO 53
a1 Yoo =Y PP PR PP 53
CharacteristiCs Of OCCUPANTS couviiiiiiiiieeiiee ettt ettt ste e et e e riee e st e e st e e s bt e s beeesabeesaseesabeeesseessseesabeesnseesnses 53
BUIlING A DESIZN SCENATIO L..uiiiuiiiiiieeiiieiiie ettt e et e et e e rtte e stte e sbe e s teesbeessaeeesabeesaseesntaesnsteesssaesnseesnseesnseeesssens 54
Figure 25: Chairs Of FIre IGNITION ...c..viii et e st e e e saae e e e satae e e e nnteeeesnrnees 54

FIre DESIZN OB ECTIVES. ..ceitiiiiii ettt ettt sttt e st e e bte e sabe e s be e s beesbeessbeessbeesabaesbaeessteesaseesnsenans 55
HEAT REIEASE CritOITA . .eeeuiieetie ettt ettt ettt ettt e st e st e e s bt e e bee e neeesabe e s beesbeeesseeesnreesaneenas 55
Figure 26: Overholt’s Model for 320 KW at 83 SECONTS .....covuviiriiiiieiiieeeiie ettt e e e sie e eiee e saaeesbeesreeens 56
Figure 27: Sprinkler Temperature ADOVE Fil€.......cc.uei ittt ee e saee e e e e re e e eneeee s 56
Figure 28: Overholt’s Model for 157 kW at 58 SECONMS ......cuvveieiieieieeiiieeeeciiee e see e svree et e e seeee e e eneeee s 57
RESUILS OF DESIZN FIrE L.cuiiieiiiiiieeiieeeiee ettt ettt ettt s e s tee et e e s te e s beessbaessaeeesabeesateesnbaessaseessbaesabeesnbeesnsnessanens 58
Pathfinder Assumptions anNd RESUILS .......cocuiiiiiiiiie e e st e e e s r e e e e snte e e e anrnee s 58
Figure 29: Floor 1 Building A Pathfinder..........uee ittt e e et e nrae s 59
Figure 30: Floor 2 and 3 Building A Pathfinder .........cooviiei it 60
PYTOSIM RESUIES .....evieeieiiiee ettt ettt ettt e et e e e st e e e e ba e e e e araeeeebbeeeesssaeseessaeeeasseeesantaesesastaeeesssaeesantaseesnsranans 61
SMOKEVIEW RESUILS ..ottt ettt ettt ettt st st s bt et e et e et e e beebeeabeeabeenbeenbeenne 61
Figure 31: Smokeview Fire DeSigZN SCENAIIO 1 ...ccccviiiieiiiee e eree e esee e eree e see e e e seee e e e sanae e e e nnaee e e enenee s 61

VA I o111 Y =TT L £ SRR 61
Figure 32: Visibility of 5 feet at 61 SECONMS ......ccccceiiiieee e e e eneee s 62
Figure 33: Visibility of 5 feet at 128 SECONAS ......ccccuiiiiiiiiee et stree e e are e e e ebae e e e sarre e e earaee s 62
TEMPEIAtUINE RESUILS ... eeiiiieiiee e e e e e e st e e e st ee e e e n b e e e esasteeeesataeeeeastaeeeansaeeeennsanesansenens 63
Figure 34: Max Temperature at 61 SECONMS .....cccoicuiiiiiie et e e e e e rrrre e e e e e e s srbraeeeeeeeesnnraneeas 63
Figure 35: Max Temperature at 128 SECONMS .....ccccuuiiieiieeieciciiieee e ecccrrree e e e e e s ssrrre e e e e e e s snebraeeeeeeessnnnraneeas 64

Fire Design SCENATIO 1 SUMIMIAIY .iiiiiiiiiiiiieieieeiiiiiitee et e e s ssiiteteeeeeesssbbteeeeeeesssaasttaaaeaeeessasstaaaeseesssssssssneneesessnnses 64
FIr@ DESIZN SCONAIIO 2. .uuuiiiiieieie i aan 65
Figure 36: Overview of BUildings 186 and 187 .........coeviieiiiiiiieciiee e ereee e ectee e se e s e sree e e e stae e e s sntee e e ennnee s 65

6 | Matthew Atwell

CAL POLYy

SAN LUIS OBISPO




Fire and Life Safety Analysis

TSl DT F= g W O] o] =Tt ¥ V=Y 65
HEAT REIEASE CritOITA . .eeeitieeiie ettt ettt e b e et e st e e st e e s bee e aneeesmbeesabeeebeeesnaeesnneesnneenas 66
U] 0] o T=T o T2 o 1T O O PP UPTSURRUPPTP 66
FIBUrE 37: LUMDBEI/ TIMDEE TYPE ettt ettt et et e e et et e ete s e eaee e saaeesteeeteseebeseeseeesseeesnreeens 66
Figure 38: Heat Release Rate Properties of Wood-Based Materials .........ccocvveeeecveeeeccivee e 67
Figure 39: Heat Release Rate of DoUgIas fir-Larch........ccooeooiiiiiiiiiiinceee e 67
o]V Tor: [ oY g b= 1 R oI} YA (=] o ISR 68
Figure 40: Cross Section of Building 187 — Simpson Strong-Tie Material Demonstration Lab ................... 69
Figure 41: Heat Release Rate Data from Cone Calorimetry for Polycarbonate.........ccccceeevvvveeeenveeeceennennn. 69
RESUILS OF DESIEN FIrE 2..nuiiiiiie ittt ettt ettt et et e e st e e s be e s tee s ateesabeesateesnbeessateessbaesabeesnteeensnessaseas 70
Pathfinder ASSUMPLIONS AN RESUILS ..o..viiiiiiiiiiiiie ettt ettt ettt sate e sate e s be e sbeesbaeesaaeesareesaseenns 70
Figure 42: Top View of Buildings B and C Before EVacuation ..........ccccccvveriviiieeeciieee e 71
Figure 43: Side View of Buildings B and C Before EVacuation ...........ccoceevvieenieenieenieesieeeniee e esveesveeens 72
Figure 44: Side View of Buildings B and C 1 Minute into Evacuation ..........cccccvevviieeeiciee s 72
Figure 45: Occupants Pass Fire RAat@d DOOIS ......cocveeirieiiriiiiniieeiieerieesieesieeesieeesaeeesbeesteessseeesaeeessseesaseesns 73
Figure 46: Occupants Evacuate Last Room and The Entire Building........ccccccvvveiiiiiiiciei e, 74
Yo XY T T =T USSR 75
SIMOKEVIEW RESUILS «..eeeieieeiiieiiee ettt ettt ettt et e st e s te e e saee e sateessteesbeessbeeesabeesnbeesnbeeebaeessseesabeesnseeenses 75
Figure 47: Smoke view side VIEW at 6 SECONAS .......viiiiiiiiei e see e e e et e e e re e e eneeee s 75
Figure 48: Smoke view top view at 20 MinULES 20 SECONGS ......cccuveieerirveieeiiieeeccreeeeereeeeetreeeesarreeeeareeees 76

RV AT o111 Y0 3= 3SR 77
Figure 49: Visibility @t 45 SECONMS .....cccciiieeiiiiee ettt ettt e e e st e e e esbae e e setbeeeesbseeeesabaeeeesnteeeesnraeens 77
Figure 50: ViSiDility @t 45 SECONMS .....cccciiieiiiiiie ettt et estte e e e s tee e e esbae e e setbeeeesbseeeesabaeeeesntaeeesnreeens 78
TEMPEIAtUINE RESUIES ... eiieieiiee et e e e e e st e e e st ee e e s nt e e e esaneeeeesnsaeeesantaeeeansaeeesansaneeansnnens 79
Figure 52: Max Temperature at 1 MIiNUTE ..., 80
HEAT FIUX RESUIES ...ttt ettt ettt e b e e st e e st e e e be e s ebeeesabeesabee s beeebeeeanbeesnseesaneanas 80
Figure 53: Heat FIUX DEVICE PIACEMENT .....cci ettt et e st e e s are e e e s are e e e eabae e e eentaeeeenraee s 80
U Y T o 1T Yl o 1T Q€] -1 ] ISR 81

Fire DESIZN SCENATIO 2 SUMIMIATY ..uuuiiiiiiiiieiiee e s aan 82
Performance Based ANalYSis SUMIMAIY.......cciuiiiiiieeeeiiieeeeccreeeecitteeeesteeeesetbeeeestbeeeesbaeeesesraeeeesssaeessassesesssraneennes 82
CONCIUSION. ..ttt ettt et e a ettt e e bt e ettt e ateeeabeeeabeeeabeeaneeeaabeesabeeeabeeaneeaanbeeeabeeaseeesnneesabeaas 83
RETEIEINCES ...ttt ettt b et e bt e bt e sb e e s bt e sb e e s bt e bt e bt e bt e bt e bt e eheenheeeheeehteshteeatesatesanenneas 84
Yo o =Y o Vo LSS 85

7 | Matthew Atwell

CAL POLYy

SAN LUIS OBISPO




Fire and Life Safety Analysis

F N 6] [o T4 =Te N 2o o Ty 4 PP U PR PRPPRRURRPRN 85
L2 [o T o TP P PP PSPPI 85
[ [o T PP TP U PP 86
FIOOT 3 ettt s s e s s st a e s st n e e n e s ar e s ere e 87
2 T @ Tolol U o -] ol (oY [ RSP 88
(o[ To o A = TU 1 o T = OO O TP PTOPPROUPRO 88
[ o To T A 2 WY1 o [T Y= A PSRRI 89
FIOOI 3 BUIING A .ttt ettt ettt e bt e ht e e s ate e st e e s bt e e beeesabeesabeesabeesbeeesabeessbeesabeeans 90
o To T A 2 WY1 o 11 7= - TSRS 91
[T Yo g A = TUT o T = - S PO PTOUPOUPRR 92
[T o I TUT1 o T = - S PO PTOUPOUPRP 93
LYo Tl I 2 WY1 o 1o Y- SR 94
[T Yo g AN = TU T o o = GO PO PTOUPOUPRR 95
LYo T TN 2 WY1 o [T oY SR 96
G FIr@ RAtEO WalS ...ttt et ettt ettt ettt et e e e bt et e et e eabesabeeabeenbeebeenne 97
L[0T bt PP RR PSP 97
L2 [o T TP PP 98
[ To T i TR TP P TP PP P TP U PR PRRUPRPON 99
R G E=Y g Vo o Y14 T =SSR 100
FIOOT Lottt e s h e st b e b e st b e E et a e r e s r e nesbesr e e resre 100
Lo T} PP PP P PO PR PRPRORN 101
FLOOK 3 ettt s h e bbb R a e r e s r e a e n e sh e sae b nre 102
E: LOCAtION Of DEVICES ...ttt s s bbb s nesnes 103
2 Ty =T g =T ol oY gl = TU 11 o [T = A R 103
[ Lo Yo Tl B 2 U T1 o [T Y- RS UR 104
LYo Y 2 WY1 o T oY R 105
[ Lo Yo i I S WY1 o [T Y- USRI 106
LYo Y gl 2 WY1 o T oY R 107
FIOOF 2 BUIIAINE B ...ttt ettt e e e s tee e e et e e e e tb e e e e s abae e e eabaeeeeabbeeaeanbaeeeesbaeeesntaeeeeantaeeesnsraeens 108
FIOOF 3 BUIIAING B ..ottt ettt ee e e e e et e e e ettt e e e e s abbeeeeabaeeeanbbeeaeanbaeseesbaeeesntaeeeeanraeeesnsranens 109
[T Yo gl I 2 U1 o TV SR 110
FIOOF 2 BUIIAING C ..ottt ettt ettt e et e e e et e e e e tbee e e abbee e enbaeeeenbbeeaeanbaeseeasbaeeesnsreeeeanraneeansraeens 111
[T To TS TN 2 WY1 o T oY R 112

8 | Matthew Atwell

CAL POLYy

SAN LUIS OBISPO




Fire and Life Safety Analysis

DT - Tot o Lo Tl S =AY = o o F PPV 113
(CRAYLo] 1 ==Ll D o] o W G- ] [o{U1 - 14 (o] o F-3P U PRPR: 114
H: Battery CalCUIGLIONS ...ttt et et e st e st e s be e e sab e e sbe e s baeesabeesabeesabeeennes 115
[ o Yo T A 2 WY1 o 11 = A N PPRRRN 115
[ o To A 2 WY1 o [T Y= NP PPPRRN 115
FIOOT 3 BUIIING A .ottt ettt et ettt e e bt e e s ab e e st e e et e e e abeesabeesabeeebaeesabeesabeesabeeensns 116
[ o To T N 2 WY1 o [T Y=g = I Yo o [ G PPRRRN 117
FIOOr 2 BUIAING B @NA C..oveeiee ettt ettt ettt st et e st e e bt e s ate e sab e e sabaesbbeesabeesabeesabeesnnns 118
[ o Yo ac I 2 WY1 o [T T=d1 = I Yo o [ G PPRRRN 118
[2 RISEI BUIIAING A .ottt ettt st ettt e st e e s abee s bte e s sbeesateesmbaeesabeesabeesnbeesnsaeesaseesnseesnseeenses 119
U=l 2 0T o Y= = 1Yo o X GRS PRPPPPRT 120
J: Sprinkler and RiSEr LOCATION ........eii ittt e e e et e e et e e e s e e e e entee e e e entaeeesnnaneeennenes 121
Basement FIOOr BUIAING A...cc..uiiiiieiiieeiieeeiee ettt sttt et e sttt sate e sabeesabeesnbaeesabeesabeesnbeesnses 121
LYo Yt I 2 WY1 o T oY N SR 122
(ST Yo g A = TUY | o T = S U SPTRPPPPT 123
LYo T T 2 WY1 o T oY NS 124
LYo Yt 2 WY1 o T oY 2 SR 125
(ST To g A TUY o [T = - S PO 126
Lo Yo Y T 2 WY1 o T oY R 127
[T Yo Tl B 2 WY1 o [T Y- USRI 128
[T Yo Y g 2 U1 o T oY R 129
[ Lo Yo i T 2 WY1 o [T Y- RS UPR 130
K: IBC OccUPANCY ClasSifiCatiONS ......ccciiuieiiiiiiee ettt e st estae e e e sata e e e s treeessnbaeeeeesbaeeessraeeeensees 131
Lo T o PP PP PP ORI PR PRSI 131
FIOOT 2 et b et r e a e s h e r e sr e s renre 132
Lo T s TP PP PP P PO PR PRSI 133

9 | Matthew Atwell

CAL POLYy

SAN LUIS OBISPO




Fire and Life Safety Analysis

Project Scope

This report will discuss in detail the Fire and Life Safety of The Construction Innovation Center
located on California Polytechnic State University Campus in San Luis Obispo. The report will
address Egress Analysis, Structural Fire Protection, Fire Suppression, and Fire Detection and
Alarm Systems. The report will also review two fire design scenarios in the Performance Based
Design section. For the Performance-Based Analysis, Pyrosim and Pathfinder were used.
Pyrosim is a type of fire dynamics simulator that simulates fire conditions inside a building
including temperature, tenability, and other features. Pathfinder is used to simulate evacuation
times.

Code and Standards

For this report various codes were used such as NFPA 101 “The Life Safety code”, The SFPE
Handbook 5t edition, International Building Code 2015 edition, The California Building Code
2016 edition, as well as various NFPA codes such as NFPA 13 and 72. These codes were used to
help determine the prescriptive and performance requirements for The Constructive Innovation
Center. The cover of these codes can be seen in Figure 1.

SFPE Handbook
of Fire Protection
'Engineering

I

Figure 1: Codes and Standards
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Fire and Life Safety Analysis

The Construction Innovation Center Overview

The Construction Innovation Center is located on California Polytechnic State University in San
Luis Obispo. The buildings construction was completed in 2008. Its main occupants are students
and faculty members of the Construction Management Department. The Construction
Innovation Center is Business Group B occupancy. It is separated from laboratories, classrooms,
lecture halls, and facility offices. It is Type II-A construction. The building is also fully
sprinklered. It is separated into three separate buildings A, B, and C as shown in Figure 2. Even
though The Construction Innovation Center is three separate buildings it can be classified as
one building. This can be done by reviewing that the height of each building and the aggregate
floor area comply with the CBC for frontage and automatic sprinkler system increase.

Figure 2: Aerial View of The Construction Innovation Center
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Floor Plan

Figure 3 shows the first-floor plan of The Construction Innovation Center. The figure shows the
three separate buildings A, B, and C.

c103 c102 c101 C100
™S 58 SF .

e u—l'_'l—g

Figure 3: The Construction Innovation Center, First Floor
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Occupancy Classification
IBC 304.1

The Construction Innovation Center is classified as a Group B occupancy. The building rooms
and spaces have an occupant load of less than 50 occupants and is used for educational
purposes above the 12t grade. Figure 4 shows a color-coded representation of the first floor
and the diverse types of rooms there are in the Construction Innovation Center. Floors 2 and 3
have similar layouts and can be found in Appendix A.

Z

Conference Room

Restroom
Ed. Lab.
Utilities

Waiting Area
Stairs

Elevator

Storage

Classroom
Exit Access
Passageway
Exit Passageway

Figure 4: The Construction Innovation Center, first floor color coded
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Fire and Life Safety Analysis

General Construction

General Construction Summary
The Construction Innovation Center is Type IIA Construction. Type IlA has certain requirements

set, such as the max height can be 85 feet, max area can be 129,500 ft?, and the max story
height can be six stories for a building under this classification. The Construction Innovation
Center complies with this criterion set forth by the IBC.

The Construction Innovation Center has three buildings that are three stories with the max
height between them being 58 feet. Even when accounting for frontage increase, the
Construction Innovation Center total area is just under 50,000 ft2, which is well under the
129,500 ft> max. Building elements under Type IIA Construction have minimum fire resistance
ratings. Elements that fall under one-hour minimum fire resistance ratings are the primary
structural frame, exterior bearing walls, interior bearing walls, floor construction and its
secondary members, roof construction and its secondary members, and exterior nonbearing
walls and partitions. This can be found in Table 1 below. The Construction Innovation Center is
permitted to use an automatic sprinkler system in compliance with NFPA 13 as an alternative to
the one-hour fire resistance rating required by the IBC. This includes every part of the building
excluding the nonbearing walls and partitions exterior. This can be done because of footnote D
in Table 1 below. Table 1 will be referenced in the next sections: Exterior Walls, Interior Walls,
Floor Construction, Roof Construction, and Shaft Enclosures.

Table 1: IBC Table 601

TABLE 601
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS)
TYPEI TYPEII TYPE Il TYPE IV TYPEV
BUILDING ELEMENT
A B A B A B HT A

Primary structural frame' (see Section 202) 3¢ 24 1 0 1 0 HT 1
Bearing walls

Exterior®' 3 2 1 0 2 2 2 1 0

Interior 3¢ 2° 1 0 1 0 I/HT 1 0
Nonbearmg walls and partitions See Table 602

Exterior
Nonbearing walls and partitions Se_e

Interi h 0 0 0 0 0 0 |Section| 0 0

nterior 602.4.6

Floor conslfucnon and associated secondary members ) 2 1 0 1 0 HT 1 0

(see Section 202)
Roof Constr_ucuon and associated secondary members 1 1bs 1o o 1o 0 HT 1he 0

(see Section 202) ’

For SI: 1 foot = 304.8 mm.

a. Roof supports: Fire-resistance ratings of primary structural frame and bearing walls are permitted to be reduced by 1 hour where supporting a roof only.

b. Except in Group F-1, H, M and S-1 occupancies, fire protection of structural members shall not be required, including protection of roof framing and decking
where every part of the roof construction is 20 feet or more above any floor immediately below. Fire-retardant-treated wood members shall be allowed to be
used for such unprotected members.

. In all occupancies, heavy timber shall be allowed where a 1-hour or less fire-resistance rating is required.

. Not less than the fire-resistance rating required by other sections of this code.|

e. Not less than the fire-resistance rating based on fire separation distance (see Table 602).

. Not less than the fire-resistance rating as referenced in Section 704.10.

o

[

=
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Fire and Life Safety Analysis

Exterior Walls

As stated earlier, the exterior walls of the building are required to have been constructed with a
one-hour fire resistance rating as well as all supporting elements of the walls. The exterior walls
must be rated for a fire from the inside if the exterior wall has a separation distance of greater
than 10 feet. If the separation distance is 10 feet or less, then the exterior wall must be rated
from both sides. The fire walls showing fire separation can be seen in Appendix C. The exterior
bearing walls are determined using IBC Table 601 and 602. Whichever of the two tables
requires a higher fire resistance rating, will dictate the minimum required fire resistance rating
for the exterior bearing walls of the building. This building will use Table 601 and the exterior
bearing walls will be required to have a one-hour fire rating. The outermost walls are the
exterior nonbearing walls. They do not support the any part of the building except for their own
weight. The minimum required fire resistance ratings are based of IBC Table 601 for the fire
separation distance of the building.

Interior Walls

The interior bearing walls are the inner walls of the Construction Innovation Center that
support any structural load. The interior nonbearing walls and partitions are the walls inside the
building that only support their own weight. They need to comply with the construction Type
lIA fire resistance ratings. Walls that are servicing separate mixed occupancies or corridor walls
may be required to be fire rated. All the interior walls of the Construction Innovation Center
meet the requirements set for by the IBC.

Floor Construction
The Construction Innovation Center’s floor construction is not required to have a fire resistance

rating or its secondary members because of IBC Table 601 footnote D. The floor is made up of a
three-inch concrete slab over a steel deck. This deck serves as a fire barrier from vertical
passage to each floor.

Roof Construction

The Construction Innovation Center’s roof is not required to have a fire resistance rating or its
secondary members because of IBC Table 601 footnote D.
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Shaft Enclosures

The shaft enclosures in the Construction Innovation Center have a fire resistance rating of two
hours for the shafts connecting over four stories and a one-hour fire resistance rating for the
shafts connecting three or less stories. The material in the shaft enclosures must comply with
the material permitted by a Type IIA Construction. The shaft enclosures must have integrity.
This integrity is ensured by having self-closing or automatic doors that are activated by smoke
detection. | have shown the fire resistance ratings of the shafts in Appendix C.

Fire Rated Corridors and Stairways

I have identified the fire resistance ratings for corridors, stairways, and the building. The
Construction Innovation Center meets the fire resistance ratings as stated in the “General
Construction Summary”. The Construction has 1-hour fire resistance rating for all exterior walls
of the building. Also, the stairways have 2-hour resistance ratings for the wall that is connected
to the inside of the building. | have illustrated 1-hour fire rated walls, and 2-hour fire resistance
rated walls, on the floor plans in Appendix C. Figure 5 shows a typical Fire Rated Stairway.

e B ”i»':::.'fi-':f'i i el .f‘{\ 2
K
o
o Inside
e <
Inside | et
ety P
2 i
10ft B /
£
(3050 mm) é_ﬁ ki Mo protection
K] ~ Protection required
e required

Figure A.7.2.2.5.2(c) Stairway with Nonrated Exterior
Wall Exposed by Adjacent Exterior Wall of Building.

Figure 5: Fire Rated Stairway
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Fire Separation Table

Table 2 shows the required minimum fire resistance rating of each exterior wall, in each story of
the building, and must be determined separately. The Construction Innovation Center is under
the group B occupancy and falls under the one-hour exterior requirements for separation
distances. These distances are measured from the exterior wall of the building to the closest lot
line, centerline of a street, an ally or public way, or to the imaginary line between two buildings
on the property. The distance between Buildings B and C is less than 5 feet. The distance B and
Ais between 10 and 30 feet. Buildings B and C have a separation distance between 8 feet to
The Simpson Strong Tie Demonstration Lab. The separation distances and fire ratings for The
Construction Innovation Center are in compliance with Table 602 from the IBC below.

Table 2: IBC Table 602

TABLE 602
FIRE-RESISTANCE RATING REQUIREMENTS FOR EXTERIOR WALLS BASED ON FIRE SEPARATION DISTANCE® ¢ ¢
FIRE SEPARATION DISTANCE = OCCUPANCY OCCUPANCY
X (feet) TYPE OF CONSTRUCTION OCCUPANCY GROUP H*® GROUP F-1, M, S-1' GROUP A, B, E, F-2, |, R, $-2, U

X<5 All 3 2 1
i A 3 2 1
55X<10 Others 2 1 I
IA. IB 2 1 I
10<X <30 1B, VB 1 0 0
Others | | I
X =30 All 0 0 0

For SI: 1 foot = 304.8 mm.

a. Load-bearing exterior walls shall also comply with the fire-resistance rating requirements of Table 601.

b. See Section 706.1.1 for party walls.

¢. Open parking garages complying with Section 406 shall not be required to have a fire-resistance rating.

d. The fire-resistance rating of an exterior wall is determined based upon the fire separation distance of the exterior wall and the story in which the wall is
located.

e. For special requirements for Group H occupancies, see Section 415.6.

g ™

For special requirements for Group S aircraft hangars, see Section 412.4.1.
. Where Table 705.8 permits nonbearing exterior walls with unlimited area of unprotected openings, the required fire-resistance rating for the exterior walls is
0 hours.
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Interior Finish Requirements

The Construction Innovation Center is assembly type occupancy with an occupant load of over
300. The interior finish requirements for this classification is Type A for exits, Type A or B for
exit access corridors, and Type A or B other spaces as shown in Table 3. Class A has a flame
spread index of 0-25 and Class B has a flame spread index of 26-75. Interior finish is defined as
the exposed surfaces of walls, ceilings, and floors within buildings.

Table 3: CBC Table A.10.2.2

Table A. 10.2.2 Interior Finish Classification Limitations

Checupancy Ixits Exit Access Corridors (Mher Spaces

Assembly — New

=300 occupant load A AorB Ao B
Iorll Torll MA
=300 occupant load A AorB ABoC
Iorll Torll MA
Assembly — Existing
=3} occupant load A AorB AorB
=300 occupant load A AorB A B or O
Educational — New A AorB A or B; C on low partitions'
| or 11 Lorll MNA
Educational — Existing A AorB A B orC
Day-Care Centers — New A A AwB
Lol Lorll MNA

Structural Fire Protection Summary

The Construction Innovation Center is three separate buildings that can be classified as one
building. This can be done by checking that the building complies with frontage and automatic
sprinkler system protection increase set for by the IBC table 503. The structural fire protection
of The Construction Innovation Center meets the requirements set forth by the IBC and CBC.
The building elements of The Construction Innovation Center substitute 1-hour fire ratings for
the fully automatic sprinkler suppression system as per footnote D in Table 601 from IBC.
Except for the nonbearing walls and partitions exterior which are still 1-hour fire rated. The
separation distances and fire ratings for The Construction Innovation Center are also in
compliance with Table 602 from the IBC. This will complete the structural analysis of the
Construction Innovation Center. The next section will review the Buildings egress analysis.
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Egress Analysis Overview

The Egress Analysis of the report will review the total occupant load of the Construction
Innovation Center, the egress capacity, the number of exits, the arrangements of exits, the
common path, dead ends, travel distances, fire rated doors, exit signage, the fire rated
corridors, and stairways.

Total Occupant Load

For the Construction Innovation Center, | identified and calculated the occupant load for each
room, space, and floor. The total occupant load for the construction innovation center is 996
occupants. Table 4 shows occupant loads for Buildings A, B, and C. A complete version of the
occupant’s load floor by floor and building by building is shown in Appendix B. | also have
shown in Table 5, the occupant loads of floor one Building A. For the waiting areas and
conference rooms an occupant load factor of 15 ft? /person was used. For the lecture halls an
occupant load factor of 20 ft2/person was used. For the Laboratories, an occupant load factor of
50 ft?/person was used. For the offices, an occupant load factor of 100 ft2/person was used.

Table 4: Total Occupant Load

Building A Building B Building C
Tota’l‘g TotaIg TotaIg ILiEl
Floor 1 100 124 148 372
Floor 2 59 125 143 327
Floor 3 22 130 145 297
Total 996
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Table 5: Occupant Load of Building A Floor 1
1
B

At02 Ma;lAIO‘ | A105

Room Area (ft*2) | Occupant Load Factor | Occupant Load

A 100 Reception 116 100 1

A 100A Waiting Area 165 15 11
A 101 Conference Room 610 15 41

A 102 DCP Office 200 100 2

A 103 Office 110 100 7

A 104 Office 110 100 2

A 105 Office 110 100 2

A 108 Privately Funded Fac 300 100 3
A 112 Heavy/Civil Lab 1800 50 36
Total 100
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Egress Capacity

The total capacity of the means of egress for any story, balcony, tier, or other occupied space
shall be sufficient for the occupancy load thereof. The Egress capacity needs to be greater than
the occupant load. Each room is equipped with at least a 36” nominal width floor. This nominal
width is sufficient to evacuate every room in the building. The main exit doors of Building A are
72” nominal width. This width is also sufficient to evacuate the building in case of an
emergency. The construction Innovation Center is also equipped with 3 sets of stairways with a
nominal width of 66”. These stairways are available to evacuate 540 occupants in case of an
emergency. | have shown the location of the exits and exit signage of Floor One of Buildings A,
B, and C below in Figure 6. Floors 2 and 3 can be found in Appendix D. | have also shown the
egress calculation capacities below in Tables 6 and 7. These tables confirm that the doorways
and stairways can efficiently evacuate the occupants of The Construction Innovation Center in
an emergency.

Table 6: All Door Widths and Exit Capacity

Nominal Effective Equation | Occupants
Width Width . >
Double Doors " "
in Building A 72 60 (60/.2) 300
Building A, B,
and C Room 36" 24" (24/.2) 120
Doors
Table 7: All Stairways and Exit Capacity
Nominal Effective .
Width Width Equation | Occupants
North " "
Sl 66 54 (54/.3) 180
West " "
SeflED 66 54 (54/.3) 180
East Stairway 66" 54" (54/.3) 180
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Stairway Exit
Exit Doors

Exit Signs

Figure 6: Location of Exits and Exit Signage of Floor one
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Number of Exits

The next task was to verify that the number of exits was adequate for each room and the
overall floor. If a room has fewer than 50 people, it is only required to have 1 exit. Every room
on every floor of the Construction Innovation Center has less an occupant load of less than 50.
Every room on every floor has at least 1 exit with some having 2. Also, for the overall floor it is
required to only have two exits because of an overall occupant load of less than 500 people.
Every floor meets this requirement. The Construction Innovation Center has 4 exterior exits on
each floor. | have shown the location of the exits and exit signage in Appendix D.

The number of means of egress from any story or portion thereof... shall be as follows:

(1) Occupant load more than 500 but not more than 1,000 — not less than 3
(2) Occupant load more than 1,000 — not less than 4

Arrangement of Exits

All the arrangements are correct for the Construction Innovation Center. The exits shall be
located at a distance from one another not less than one-half the length of the maximum
overall diagonal dimension of the building or area to be served. This distance is to be measured
in a straight line between the nearest edge of the exit, exit accesses, or exit discharges. All exits
in each room must be half the distance of the diagonal length of the room if the room has
multiple exits. | have shown the location of the exits and exit signage in Appendix D. Appendix D
also shows a layout of the buildings floor plan where you can see that the exit arrangement
meets the code.

1. Exits shall be arranged to provide access for each occupant to not less than two exits by
separate ways of travel.
2. Each room needs two ways of travel to an exit staircase.

Exits and Stairways and Signage

The Construction Innovation Center meets the requirements of location for its exit signs. They
were placed at the end of hallways above doors or stairs that lead to an exit. Access to exits
shall be marked by approved, readily visible signs in all cases where the exit or way to reach the
exit is not readily apparent to the occupants. New Sign Placement shall be such that no point an
exit access corridor is in excess of the rated viewing distance or 100 ft, whichever is less, from
the nearest sign. | have showing the exits, exit strairwats, and signage in Appendix D.
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Common Path Limit, Dead-End Limit, and Travel Distance

Table 8 shows the common path, dead-end, and travel distance limits for new and existing
assemblies. The assembly travel distance for a newly constructed sprinklered building is 250 ft.
No room is more than 250 ft away from an exit in The Construction Innovation Center. The
common path allowed is 20/75 ft for a newly constructed fully sprinklered building. For a
common path serving less than or equal to 50 persons use 75 ft. Occupants in the Construction
Innovation Center do not walk a common path of more than 75 ft for an exit. This is because
the Construction Innovation Center is equipped with a pair of horizontal exits on the 2" and
third floor. The dead-end limit for a business building that is sprinklered is 50 ft. The
Construction Innovation Center does not have any dead ends in the building.

Table 8: LSC Table A.76

Table A.7.6 Common Path, Dead-End, and Travel Distance Limits (by occupancy)

Common Path Limit Dead-End Limit Travel Distance Limit

Unsprinklered Sprinklered Unsprinklered Sprinklered Unsprinklered Sprinklered

Type of Occupancy ft m ft m it m ft m ft m ft m
Assembly
New 2075 6.1/23* 2075 6.1/23* 20 61" 20  61° 200 61° 250 &
Existing 20/75 6.1/23° 2075 6.1/23* 20 6.1 20 6.1° 200 61° 250 76k
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Horizontal Exit - Fire Rated Doors

The Construction Innovation Center has a set of fire rated doors. These doors also have safety
releasing hardware in case the fire alarm starts. The doors are held open magnetically. When
the alarm sounds, the magnets will release the doors and let them become a barrier. The exits
are sealing doorways from Buildings B to C. These doors are made of aluminum and have 90-
minute fire ratings. Figure 7 shows the locations of the two doors on Floors 2 and 3 that comply
with the Life Safety Code. Each door swings opposite ways. One door opens towards Building B
and one door opens towards Building C. There are also exit signs of both sides of the door. This
indicates these doors are horizontal exits. A horizontal exit may be an element of egress. A
horizontal exit provides a path of egress travel from one building to an area in another building
on approximately the same level. This affords safety from fire and smoke from the area of
incidence and area communicating there with.

Floor 2 Floor 3

B304

90 Minute Fire
Rated Doors

90 Minute Fire
Rated Doors

: ————
[ — : ; ‘_
Ci03
I
| SEE——

Figure 7: Fire Rated Doors Floors 2 and 3 of Buildings B and C

C203

Egress Analysis Summary

A complete egress analysis for The Construction Innovation Center has shown that the exit
capacities, the exit locations, and the arrangement of exits are adequate for the occupants of
the building. The Construction Innovation Center has no issues with common path of travel,
dead end limits, or travel distances for its occupants. The Construction Innovation Center is also
equipped with a pair of fire rated doors Between Buildings B and C on Floors 2 and 3 that
comply with the Life Safety Code. This will complete the egress analysis for the Construction
Innovation Center. The next section will review the Buildings fire alarm systems and signals.
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Fire Alarm Systems and Signals Overview

The Construction Innovation Center is equipped with a fire alarm system to alert occupants in
case of an emergency. Some components of the fire alarm system are the fire alarm control
panel, manual pull stations, heat detectors, multi sensor detectors, photoelectric duct
detectors, horns, strobes, and horn strobe combinations. These can be separated into initiating
devices and notification devices. These devices need to be inspected and maintained.

Fire Alarm Systems and Signals
The Construction Innovation Center is not equipped with a mass notification system. It is

equipped with a standard notification system. The system helps indicate the existence of an
emergency to occupants of the facility. The system in the Construction Innovation is Equipped

with the components that are listed in Table 9.

Table 9: Devices in the Construction Innovation Center

Device Part Mountin | Manufacture | CSFM Size W*H*D
Number | g r Number
Addressable Heat Detector FST-851 Flush Notifier 7272 4" Sq. Dee
0028:196 2 2
Addressable Photoelectric Duct FSD- - 3240-
Detector 7sirp | /A Notifier 0028:205 | /A
Addressable Fire Alarm Control o 7165- 24" 4.575"
Panel NFS-640 | Surface Notifier 0028:214 5.918"
. NBG- e 7150- "
Addressable Fire Alarm Box 191X Flush Notifier 0028:199 4" Sq. Deep
Multi Candela Horn Strobe GEC3 Flush Gentex 7135- 4" Sg. Dee
0569:122 q. beep
: GES3- 7125- .
Multi Candela Strobe 2 4WR Flush Gentex 0569:123 4" Sq. Deep
Multi Sensor Detector FAPT-851 | Flush Notifier 7272 4"SQ. Dee
0028:206 A
: e 7120- 4.5" x 8.5" x
Annunciator LCD-80 | Surface Notifier 0028:156 o
FCPS- - 7315- 14.5" x 15" x
Remote Power Supply 2 AFSE Surface Notifier 0028:225 7 o
7135- .
Horn GEH24 R | Flush Gentex 0569:122 4" Sqg. Deep

The Construction Innovation Center has alarm signals, trouble signals, and supervisory signals.
Alarm signals are an indication of an emergency that requires immediate action such as a fire.
Trouble signals are associated with the electronic portions of the fire protection system. These
are used to indicate that there is a change in the normal status of the devices, such as when the

CAL POLYy

SAN LUIS OBISPO

26 | Matthew Atwell




Fire and Life Safety Analysis

smoke detector beeps if the battery is low on a battery-operated device. Supervisory Signal
happens when there is a change in the normal characteristics or status of an initiating device. |
have marked where the devices are in Floor 1 of Building A in Figure 8. The location of the
devices and the number of devices will be reviewed in their respective sections. Also, in
Appendix E are the device locations of Floors 1-3 of Buildings A, B, and C.

Floor 1 Building A

l

®
A S i —— ]
|

|

Fire Al Control

Strobe Ire Alarm Lontro Waterflow Bell
Panel

Horn Valve Tamper Switch Fire Smoke Damper

Pull Down Duct Smoke

Station sletig el Detector

Horn with . Multi- Sensor
Annunciator

Gasket Detector

Heat Detector Waterflow Switch

Figure 8: Location of Fire Alarm Devices in Building A First Floor
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Sequence of Operations Matrix

One method used to define the required sequence of operations and to document the actual
sequence of operations is an input/output matrix. The Sequence of Operations Matrix in Table
10 is the matrix from the fire alarm plans of the Construction Innovation Center. Information
from the matrix can be useful to an engineer to show how a building should operate in an
emergency. Also, the matrix can be used for investigation purposes if the buildings alarms did
not perform properly during the emergency. An investigator would be able to go back and see
what actions did not operate correctly.

Table 10: Sequence of Operations Matrix
SEQUENCE OF OPERATIONS MATRIX

EVICE AREA ELEVATOR ELEVATOR

D MANUAL | SMOKE/ | pucT SMOKE | ELEVATOR|  SHAFT AND | SPRINKLER | SPRINKLER SPECIAL | GENERATOR | SHAFT AND | CORRIDOR
PULL | HEAT | DETECTOR | LOBBY | MACHINE ROOM | WATER FLOW|VALVE "AMPER] EXTINGUISHING] FOWER | MACHINE ROOM | SMOKE

ACTION STATION | DETECTOR DETECTOR | SMOKE DETECTOR|  SWITCH SWITCH SYSTEMS | FAILURE |HEAT DETECTCR | DETECTOR

ANNUNGIATE AT

FIRE. CONTROL. PANEL YES YES YES YES YES YES YES YES YES YES YES

ANNUNCIATE AT 24 HOURS

ATTENDED REMOTE YES YES YES YES YES YES YES YES YES YES YES

LOCATION

ACTIVATE AUDIBLE
ALARM SIGNAL YES YES YES YES NO YES NO YES NO NO YES
THROUGHOUT BUILDING

SHUT DOWN ALL
AIR HANDLING NO NO YES NO NO NO NC NO NO NO YES
EQUIPMENT/CLOSE FSD

ELEVATOR SHUTDOWN
NO NO NO NO NO NO NO NO NO YES NO

RECALL ELEVATORS
SERVING FIRE FLOOR NO NO NO YES YES NG NC NO NO NO NO
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Fire Alarm Control Panel

The FACP is mounted on the surface of the wall and is a Notifier NFS-640 unit for the
Construction Innovation Center. The FACP that is installed can be seen in Figure 9. The FACP is
the controlling unit of the fire alarm system. It receives information from fire detection sensors.
Some information it receives can be the integrity of the equipment and fire information. There
is a fire alarm located in the same room as the FACP. This alarm will notify occupants as well as
transfer a signal to an of site location before the fire can impair the control panel. The Fire
Alarm Control Panel is located on the First Floor of Building A in room A100 and the First Floor
of Building B in room B110. | have marked where the device is installed in Appendix E.

Figure 9: Fire Alarm Control Panel
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Initiating Devices

Manual Pull Stations

Manual fire alarm boxes are used for initiating alarms. This signal is indicative of a fire. There
are rules that the manual pull stations need to comply. The manual pull stations must be
painted red. The pull stations must be securely mounted. The pull stations must be installed so
that they are conspicuous, unobstructed, and accessible. Manual Fire alarm boxes shall be
located within 5 ft. of each exit doorway on each floor. The maximum distance between manual
pull stations is 200 ft. The manual pull stations in The Construction Innovation Center meet
these requirements set by NFPA 72. An example of the manual pull stations that are installed in
the Building can be seen in Figure 10. | have marked where the devices are installed in
Appendix E.

PUSH IN
PULL DOWN

Linoririen
- Sy KRyt

Figure 10: Manual Pull Station
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Heat Detectors

Heat Detectors are used in the Construction Innovation Center in some laboratory rooms
instead of some smoke detectors. The heat detectors for this building are under an ordinary
temperature classification and have a temperature rating range of 135-174 degrees Fahrenheit
and are uncolored. The spacing for the heat detectors shall not exceed their listed spacing, and
there shall be detectors within one-half the listed spacing, measured at right angles from all
walls or partitions extending upward to within the top 15 percent of the ceiling height. All
points on the ceiling shall have a detector within a distance equal to or less than 0.7 times the
listed spacing. Also, the heat detectors must be located on the ceiling more than 4 inches from
the sidewalls or on the sidewalls with 4 and 12 inches from the ceiling. The heat detectors in
The Construction Innovation Center are installed properly and in the correct locations. An
example of the heat detectors that are installed in the Building can be seen in Figure 11. | have
marked where the devices are installed in Appendix E.

Figure 11: Heat Detector
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Multi Sensor Detector

Multi-Sensor Detectors can detect multiple conditions and sense a wider range of fire with
greater accuracy. Multi-Sensor Detectors help reduce unwanted alarms and improve detector
response to a nonspecific fire source, location and spacing criteria included with the detector
installation instructions shall be followed. These detectors can detect for both fire detection
and carbon monoxide in a single device. These detectors are installed in rooms that are
generally occupied by occupants. An example of the multi sensor detector that are installed in
the Building can be seen in Figure 12. | have marked where the devices are installed in
Appendix E.

Figure 12: Multi Sensor Detector
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Smoke Control

Photoelectric Duct Detector and Smoke Damper

The Construction Innovation Center is equipped with addressable photoelectric duct detectors.
These are installed in inside the air duct system of HVAC systems and detect smoke if it enters
the system. The duct smoke detectors are connected to the fire alarm control panel. Once
smoke is detected the photoelectric duct detectors activate the smoke dampers inside the
HVAC system. The smoke dampers will close and stop the smoke from circulating around the
building. Also, once smoke is detected the HVAC system will turn off. This will also help stop
smoke from spreading throughout the building. These detectors should not be used as
substitutes for open area smoke detectors. | have marked where the devices are installed in
Appendix E.

Figure 13: Photoelectric Duct Detector and Smoke Damper
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Annunciating Devices / Audible and Visual Notification

Annunciator

The Construction Innovation Center is equipped with annunciators throughout the facility. An
annunciator is a unit containing one or more indicator lamps, alphanumeric displays, or other
equivalent means in which each indication provides status information about a circuit,
condition or location. The purpose of the annunciator is to help personnel determine the status
of emergency equipment that might affect safety of occupants. The authority having
jurisdiction determines the type and location of the annunciators in the facility.

Annunciators are equipped with 80- character backlist liquid crystal display. It has a time and
date display field. It can be located up to 3,200 meters from the control panel. It is available
with flush or surface mount options. An example of the annunciators that are installed in the
Building can be seen in Figure 14. | have marked where the devices are installed in Appendix E.

Figure 14: Annunciator
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Horn

Horns are used to notify occupants during an emergency. Notification appliances shall provide
stimuli for initiating emergency action and provide information to users, emergency response
personnel, occupants. Throughout NFPA 72, Chapter 18.4 it lays out the general requirements
for horn alarms. To ensure that audible public signals are clearly heard they shall have a sound
level at least 15 dB above the average ambient sound level or 5 dB above the maximum sound
level of at least 60 seconds, whichever is greater, measured 5 ft. above the floor in the area
required to be served by the system. The horns in The Construction Innovation Center meet the
code requirements set by NFPA 72 and are installed properly. An example of the horns that are
installed in the Building can be seen in Figure 15. | have marked where the devices are installed
in Appendix E.

Figure 15: Horn
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Strobe

A strobe is a visible notification system. An average ambient sound level greater than 105 dB
shall require the use of a visible notification appliances. | have marked where the devices are
installed in Appendix E. Visual notification appliances are spaced differently depending if they
are ceiling mounted or wall mounted. | have provided the tables for wall-mounted and ceiling-
mounted appliances. Table 11 shows the room spacing for wall mounted and ceiling mounted
visible appliances.

Table 11: Room Spacing for Wall-Mounted and Ceiling Mounted Visible Appliances

Table 18.5.5.4.1(a) Room Spacing for Wall Mounted Visible Table 18.5.5.4.1(b) Room Spacing for Ceiling-Mounted
Appliances Visible Appliances
Minimum Required Light Minimum
Output Maximum Maximum Lens Required
. . quire
Maximum [Effective Intensity (cd)] Room Size Height* Light Output
Room Size Four Lights I(fgﬁ:::;)e
per Room . ?
One Light (One Light ft m ft m One Light (cd)
ft m per Room  per Wall) 20%20  6.1x6.1 10 3.0 15
20 x 20 6.10 x 6.10 15 NA 30 % 30 9.1x9.1 10 3.0 30
98 % 98 853 x 8.53 20 NA 40 x 40 12.2x12.2 10 3.0 60
30 x 30 014 % 9.14 a4 NA 44> 44 13.4x13.4 10 3.0 75
40 % 40 12.2 % 12.2 60 15 -
45 x 45 1.7 % 13.7 75 19 20 = 20 6.1 6.1 20 6.1 30
50 % 50 15.2x 15.2 94 30 30x30  9.1x9.1 20 6l 5
54 x B4 16.5 x 16.5 110 30 44 x 44 13.4x 134 :ZU 6.1 75
55 x 55 16.8 x 16.8 115 30 46x 46 14.0x14.0 20 6.1 80
60 x 60 18.3x18.3 135 30 -
5 P o 30 x 30 9.1x9.1 30 9.1 75
2?} . E:ﬁ 3?% ) S?i, {éi ég 50 x50  152x15.2 30 9.1 95
80 x 80 94 4 x 94.4 240 60 53x53  16.2x16.2 30 9.1 110
90 x 90 97 4 % 97.4 304 95 55 % 55 16.8 x 16.8 30 9.1 115
100 x 100 30.5 x 30.5 375 95 59 x 59 18.0 x 18.0 30 9.1 135
110 % 110 33.5 x 38.5 455 135 63x63 19.2x19.2 30 9.1 150
120 = 120 36.6 x 36.6 540 155 68 x 68  20.7x20.7 30 9.1 177
130 % 130 39.6 x 39.6 635 185 70 x 70 21.3 x 21.3 30 9.1 185

Corridors have their own spacing for visual notification systems. Visual notification systems
need to be installed in corridors 20 ft. or less. In corridors, visible appliances shall be rated not
less than 15 cd. Visible notification appliances shall be located not more than 15 ft. from the
end of the corridor with a separation not greater than 100 ft. between appliances. In corridors
where more than two visible notification appliances are in any field of view, they shall flash in
synchronization. The strobes in The Construction Innovation Center meet the requirements set
by NFPA 72 and are installed properly. An example of the strobes that are installed in the
Building can be seen in Figure 16. | have marked where the devices are installed in Appendix E.
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Figure 16: Strobe
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Horn and Strobe Combination

Visible and audio notification combinations systems are used in the Construction Innovation
Center. These devices can be more economical in design because they use strobes and horns as
one system instead of two. The design characteristics still apply for the combination system.
The horn/strobes in The Construction Innovation Center meet the requirements set by NFPA 72
and are installed properly. An example of the horn strobes that are installed in the Building can
be seen in Figure 17. | have marked where the devices are installed in Appendix E.

i\
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Figure 17: Horn Strobe Combination
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Remote Power Supply

The Construction Innovation Center is equipped with a remote power supply station. The
remote power supply complies with NFPA 72. The location of remotely located power supply
shall be identified at the master control unit. The master control unit display shall be permitted
to satisfy the requirements set forth by NFPA 72. The location of the remotely located power
supplies shall be identified on the record drawings. The fire alarm plans show the calculations
to determine the appropriate battery sizes for The Construction Innovation Center. The battery
calculations can be found in Appendix H. The voltage drop calculations are shown in Appendix
G. The calculations prove that there isn’t more than a 10 percent voltage drop throughout the
building. These calculations show that the batteries used in The Construction Innovation Center
have sufficient spare capacity, and have low enough voltage drops to meet the requirements of
NFPA 72. An example of the remote power supply that is installed in the Building can be seen
in Figure 18. | have marked where the devices are installed in Appendix E.

FCPS-24r g5
ron

Figure 18: Remote Power Supply
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Inspections Testing and Maintenance for Fire Alarm Equipment

The Construction Innovation Center must follow the requirements for inspection, testing, and
maintenance of its fire alarm equipment. The purpose for initial and reacceptance inspections is
to ensure compliance with approved design documents and to ensure installation in accordance
with this code and other required installation standards. Prior to system maintenance or
testing, the record of completion and any information required by Chapter 7 of NFPA 72
regarding the system and system alterations, including specifications, wiring diagrams, and
floor plans, shall be provided by the owner or a designated representative to the service of
personnel upon request. A supplementary record of Inspection and Testing form must be
completed for all systems inspection and testing. Where documentation is required by the
authority having jurisdiction the following list shall represent the minimum documentation
required for a new fire alarm system, supervising station and shared communication
equipment, and emergency communication systems, including new systems and additions or
alterations. The inspection and maintenance requirements for The Construction Innovation
Center can be found in Table 12. The Fire Alarm equipment testing table can be found in Table
13. The fire alarm inspection requirements can be found in Table 14.
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Table 12: Inspection and Maintenance Requirements

(1)*Written narrative providing intent and system description

(2)
(3)

(4)

(5)
(6)

(7)
(8)
(9)

(10)

(L)

(12)
(13)
(14)
(15)

(16)

Riser diagram

Floor plan layout showing locations of all devices, con-

trol equipment, and supervising station and shared com-

munications equipment with each sheet showing the fol-

lowing:

(a) Point of compass (north arrow)

(b) A graphic representation of the scale used

(¢) Room use identification

(d) Building features that will affect the placement of
initiating devices and notification appliances

Sequence of operation in either an input/output matrix
or narrative form

Equipment technical data sheets

Manufacturers’ published instructions, including opera-
tion and maintenance instructions

Battery capacity and de-rating calculations (where bat-
teries are provided)

Voltage drop calculations for notification appliance cir-
cuits

Mounting height elevation for wall-mounted devices and
appliances

Where occupant notification is required, minimum
sound pressure levels that must be produced by the au-
dible notification appliances in applicable covered areas
Pathway diagrams between the control unit and the su-
pervising station and shared communications equip-
ment

Completed record of completion in accordance with
7.5.6 and 7.8.2

For software-based systems, a copy of site-specific soft-
ware, including specific instructions on how to obtain
the means of system and software access (password)
Record (as-built) drawings

Records, record retention, and record maintenance in
accordance with Section 7.7

Completed record of inspection and testing in accor-
dance with 7.6.6 and 7.8.2
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Table 13: Fire Alarm Equipment Testing Table

Testing Time
Component

frame

Visible Notification N/A

Audible Notification N/A
Remote Annunciators Annual
Heat Detectors Annual
Manual Fire Alarm Boxes Annual
Photoelectric Duct Detector Annual
Smoke Detectors Annual
Multi-Sensor Detectors Annual
Fuses Annual
Functions Annual
Fire Alarm Control Equipment Fuses Annual
Fire Alarm Control Equipment lamps and LEDS Annual
Fire Alarm Control Equipment Interface equipment Annual
Fire Alarm Control iil:;r;ent Primary Power Annual
Fire Alarm Control Eitlgrr)r;jnt Secondary Power Annual
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Table 14: Fire Alarm Inspection Table

Testing Time
Component
frame
Visible Notification Semi Annual
Audible Notification Semi Annual
Remote Annunciators Semi Annual
Heat Detectors Semi Annual
Manual Fire Alarm Boxes Semi Annual
Waterflow Devices Quarterly
Smoke Detectors Annual
Multi-Sensor Detectors Semi Annual
Fuses Annual
Functions Annual
Fire Alarm Control Equipment Fuses Annual
Fire Alarm Control Equipment lamps and LEDS Annual
Fire Alarm Control Equipment Interface equipment Annual
Fire Alarm Control Equipment Primary Power Supply Annual
Fire Alarm Control Eq:ilgpr:zlesnt Secondary Trouble Semi Annual
Battery Lead Acid Monthly
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Fire Alarm and Systems Summary

The Construction Innovation Center is equipped with initiating and notification devices. These
devices meet the requirements set by NFPA 72. The Construction innovation is also equipped
with smoke control dampers and photoelectric smoke detectors that work together to help
stop smoke from circulating around the building. All the devices cooperate with the sequence
of operations in emergency situations. The Construction Innovation Center is equipped with
remote power supply station. The battery and voltage drop calculations show that the batteries
used in The Construction Innovation Center have sufficient spare capacity, and have low
enough voltage drops to meet the requirements of NFPA 72. The fire alarm and systems for The
Construction Innovation Center meet all the requirements set in NFPA 72. The Construction
Innovation Center is equipped with a fire alarm system to alert occupants in case of an
emergency. Some components of the fire alarm system are the fire alarm control panel, manual
pull stations, heat detectors, multi sensor detectors, photoelectric duct detectors, horns,
strobes, and horn strobe combinations. These can be separated into initiating devices and
notification devices. These devices need to be inspected and maintained. This will complete the
Buildings fire alarm and systems analysis. The next section will review the Buildings water-
based fire suppression systems.

Water-Based Fire Suppression System Overview

The Construction Innovation Center is equipped with a quick response wet pipe sprinkler
system. A wet pipe sprinkler system always has water maintained in the piping of the system.
The Construction Innovation Center can be split up into Ordinary Hazard Group 1 and Light
Hazard Occupancies. The building has two risers one located in the basement of Building A and
one in the first floor of building B.

Suppression System Type

The Construction Innovation Center is equipped with a quick response wet pipe sprinkler
system. A wet pipe system is one of the most common fire suppression systems. A wet pipe
system is when water is constantly maintained inside the sprinkler piping. When a sprinkler is
activated the water immediately discharges from the sprinkler head. A wet sprinkler system
cannot be used in sub-freezing environments due to the pipes being filled with water. If the
water freezes it could damage the system. Wet pipe systems have some advantages such as low
installation costs, maintenance expenses, and can be easily modified. The Construction
Innovation Center suppression system is in accordance with NFPA 13. Figure 19 is an overview
of the basic components of a Wet Pipe Sprinkler System.
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Figure 19: Basic Components of a Wet Pipe Sprinkler System

Hydraulic Supply of the System

The Construction Innovation Center is split up into 3 buildings but they all have the same static
pressure, residual pressure, and flow. Static Pressure is the pressure that exists at a given point
under normal distribution systems conditions. Residual pressure is the pressure that exists in
the distribution system, measured at the residual hydrant at the time the flow readings are
taken at the flow hydrant. Flow is in units of gallons per minute. This data was obtained on
09/03/02 at Hydrant 1-06-05 #37. Table 15 shows the static pressure and the residual pressure
data that was obtained.

Table 15: Pressure and Flow Table

Static Pressure 90 PSI 90 PSI
Residual Pressure 82 PSI 82 PSI
Flow 1138 GPM 1138 GPM
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Occupancy Classification

There are 6 occupancy classifications. Light hazard, Ordinary Hazard Group 1, ordinary hazard
Group 2, Extra Hazard Group 1, and Extra Hazard Group 2. The Construction Innovation Center
can be separated into two occupancy classifications: Light hazard occupancy for office rooms
and general areas, also, Ordinary Hazard Group 1 for storage, service, and laboratory rooms.
Light Hazard occupancies are areas where the combustibility of contents is low and have fires
with lower rated of expected heat release. Ordinary Hazard Group 1 are areas with moderate
combustibility, where items are stockpiled do not exceed 8 feet and moderate rates of heat
release are expected. Using these occupancy classifications, you can set the sprinkler design
criteria. Table 16 shows the densities for the occupancies and the combined hose stream
allowance for the coverage area. These numbers can be found in Tables 17 and 18.

Table 16: Most Remote Location from Riser

Occupancy Density (GPM/ftA2) | Combined Hose (GPM) | Coverage Area (ft"2)
Ordinary Hazard Group 1 0.15 250 1500
Light Hazard 0.1 100 1500

Table 17: Sprinkler Density/Area Curves

Density (mm/min)
2.0 4.1 6.1 8.1 10.2 122 143 163
5000 [ 465
—_ N, N _
2 \ \ g
c : | - — ‘E’
£ 4000 \% oA 372 2
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c ?¢9 4 2
- A \&, (AN E
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Table 18: Hose Stream Allowance and Water Supply Duration Requirements for Hydraulic

Calculated Systems

Total Combined
Inside and Outside
Inside Hose Hose .
Duration
Occupancy gpm L,/min gpm L/min | (minutes)
|
Light hazard | 0, 50, or | 0, 190, or 100 380 30
100 380
Ordinary 0, 50, or |0, 190, or 250 950 60-90
hazard 100 380
|
Extra harard | 0,50, or |0, 190, or A0 1900 Q0=120
100 380
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Sprinkler Heads

The Construction Innovation Center is built with concealed and upright TYCO Series TY-FRB
Quick-Response Sprinklers. These Sprinklers have a K factor of 5.6 and %2” NPT. These sprinklers
are required for light occupancy classification (NFPA 13). A quick response sprinkler is like a
standard response sprinkler. Some benefits of a quick response sprinkler are that a quick
response sprinkler discharges higher on the walls to keep the fire from climbing and maintain a
lower ceiling temperature. Cooling the room helps reduce the likelihood of a flashover event
inside the building. The quick response sprinkler has a physical difference in the size of the bulb.
The standard bulb is 5 mm and a quick response bulb is 3 mm. The smaller bulb requires a
lower temperature to activate. Figure 20 shows a comparison of quick response and standard
response sprinkler bulbs. Figure 21 shows the quick response series TY-FRB upright sprinklers
that are installed in The Construction Innovation Center.

Quick Response
: IR

Stand_a‘rg__Response

3 MM Bulb

http://www.qrfs.com/1--Fire-Sprinklers-Standard-Response-vs-Quick-Response b 4.html

Figure 20: Comparison of Quick Response and Standard Response Sprinkler Bulbs

* Temperature rating ** Pipe thread connections per 1 - Frame 3 - Sealing 5 - Compression
is indicated on ISO 7-1 can be provided on 2 - Button Assembly Screw
’ ESCUTCHEON _ _ N
Deflector. special request. PLATE SEATING 4 - Bulb 6 - Deflector

SURFACE

7/18"
(11,1 mm)
NOMINAL
MAKE-IN

,\ L 7 & . -—\r‘a.!_ﬂm;-'
1/2" NPT** f WRENCH STYLE100r20 |« 2-7/8" (73,0 mm) DIA. —=|
FLATS RECESSED
UPRIGHT PENDENT  ESCUTCHEON RECESSED PENDENT CROSS SECTION

QUICK RESPONSE SERIES TY-FRB UPRIGHT (TY3131) AND PENDENT (TY3231) SPRINKLERS
5.6 K-FACTOR, 1/2 INCH NPT

https://www.tyco-fire.com/TD TFP/TFP/TFP171 11 2015.pdf
Figure 21: Quick Response Series TY-FRB Upright Sprinklers
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Riser Information

The Construction Innovation Center has two sets of 3” risers. One for building A and one for
buildings B and C. The Construction Innovation Center is a 3-story building. Multistory buildings
are required to have control valves, check valves, and a main drain valve. The flow control
valves that are used for this building are 3” GD-4765-8N GRVD BFV. The control valves are used
to separate each floor of the 3-story building for testing purposes. The Construction Innovation
Center has 3” Tyco Model CV-IF grooved check valves. The check valves help control the flow
direction. The check valves also separate the source of water supply from one another. The
main drain valve for the center is 1.25” AGF #1000 TEST-An-Drain valve with a 0.5” orifice. The
piping in the system is arranged so that the water can be drained to this valve. The Riser
locations can be found in Appendix J. The Riser information can be found in Appendix I. The
risers meet the requirements set for by NFPA 13.

Hydraulic Demand
The hydraulic demand is measured at the most remote location of sprinklers in the building. |

have marked where the most remote area is below in Figure 22. The most remote sprinklers are
used for this calculation because in theory if you have enough pressure and supply to reach
these sprinklers then you have enough pressure and supply to reach the rest of the building.
For this report, the third floor of Building B was used fire the most remote location due to the
distance from the riser. Figure 23 shows the hydraulic supply and demand for the building. The
graph shows the static point, residual point, and the total demand point. With this graph it can
be determined that a fire pump is not needed for The Construction Innovation Center.

i

=vdl T

o
= | =¥,

| {1

Tt

T

*«?_-, s Liwe cae gamov pecc | [

<

ID 15.1
BTWN GRIDS F &L

5 SCH 10 X 12° LONG
"9° DECK SLEEVES- 5
3/8° RE-BAR @ C/L- -~

S Y Eer
L Riserpmrs 1%

Figure 22: Most Remote Location from Riser
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Figure 23: Supply and Demand Curve

Fire Department Connection

The Construction Innovation Center is equipped with fire department connections. The building
is required to have the connections per NFPA 13. Fire department connections are used to help
supply water to the water suppression system and keep an efficient pressure. The location of
the connections is important as well. They cannot block any driveways. They must be in a
location where the hose does not block any egress paths or entrance paths. The connections
should also be located at the nearest point of the fire department apparatus accessibility. In
most cases this means the connections should be located near the street side of the building
which they are for The Construction Innovation center. Also, the connection should not be
attached to branch line piping. The area around the connections must be maintained and clear
of obstructions. Lastly, the connections need to be located with a clear sign with letters at least
1inin height on a plate. The Construction Innovation Center meets these requirements set
forth by NFPA 13.
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Sprinkler Inspection

The components of the fire suppression system are required to be inspected at different
periods of time. Sprinklers and spare sprinklers are required to be inspected annually.
Sprinklers that show signs of leakage, corrosion, physical damage, loss of fluid in the glass bulb,
or load detrimental to the sprinkler performance should be replaced. Hose connections and
piping is also required to be inspected annually. Fire department connections should be
inspected quarterly. Some inspection requirements are to check if the gaskets are in place, see
if the check valve is leaking, and that the identification signs are in place. The hanger, seismic
bracing, and pipe fittings should be inspected quarterly per NFPA 25. The internal components
of the piping are inspected to ensure that there are no obstructions of foreign organic and
inorganic material every 5 years. Lastly gauges for a wet pipe system should be inspected
monthly to make sure the gauge is operable and to see if there is any physical damage.

Sprinkler Testing and Maintenance

Components in the water suppression system shall be permitted to be tested and maintained.
Main drain test should be done quarterly. A main drain test should be conducted for each
water supply lead-in to a building water-based fire protection system to determine whether
there has been a change in the condition of the water supply. The sprinklers in the Construction
Innovation Center are fast response sprinklers in a normal environment. The testing and
maintenance requirements for the sprinklers are at 20 years and every 10 years thereafter. The
system valves should be tested and maintained quarterly to make sure the system is operating
correctly.

Water-Based Fire Suppression System Summary

The sprinkler system installed in the Construction Innovation Center is sufficient for protecting
the occupants and the building in a fire situation. The Construction Innovation Center has two
sets of 3” risers. One for building A and one for buildings B and C. The Construction Innovation
Center is a 3-story building. Multistory buildings are required to have control valves, check
valves, and a main drain valve. The Construction Innovation Center is built with concealed and
upright TYCO Series TY-FRB Quick-Response Sprinklers. These Sprinklers have a K factor of 5.6
and %" NPT. These sprinklers are required for light occupancy classification (NFPA 13). The
system meets all the requirements set forth in NFPA 13. While analyzing the water demand of
the system it can be concluded that a fire pump is not needed for The Construction Innovation
Center.
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Prescriptive Based Analysis Summary

This prescriptive based analysis discussed in detail the Fire and Life Safety of The Construction
Innovation Center located on California Polytechnic State University Campus in San Luis Obispo.
The report addressed the Egress Analysis, Structural Fire Protection, Fire Suppression, and Fire
Detection and Alarm Systems. The Construction Innovation Center is three separate buildings
that can be classified as one building. The structural fire protection of The Construction
Innovation Center meets the requirements set forth by the IBC and CBC. After going through a
complete egress analysis for The Construction Innovation center it was shown that the exit
capacities, the exit locations, and the arrangement of exits are adequate for the occupants of
the building. The Construction Innovation Center is equipped with initiating and notification
devices. These devices meet the requirements set by NFPA 72. The Construction Innovation
Center is also equipped with smoke control dampers and photoelectric smoke detectors that
work together to help stop smoke from circulating around the building. The fire suppression
system installed in the Construction Innovation Center is sufficient for protecting the occupants
and the building in a fire situation. Building A is supplied with one riser and Buildings B and C
are supplied with another riser. The system meets all the requirements set forth in NFPA 13.
While analyzing the water demand of the system it can be concluded that a fire pump is not
needed for The Construction Innovation Center. The next half of the report will be over the
performance-based analysis of The Construction Innovation Center.

Performance Based Analysis

Performance based analysis is another method from the regular prescriptive approach. The Life
Safety Code has multiple options for design fire that can be considered for a performance-
based analysis. For this report the Life Safety Codes, Design Fire Scenario 1 was chosen. Design
Scenario 1 accounts for occupant activities, location of occupants, room sizes, fuel properties,
ventilation conditions, and the location of ignition.

The objective of a performance-based analysis is to determine whether the occupants will
egress the Construction Innovation Center before they are harmed or before the conditions
become untenable. This is called RSET vs ASET. RSET is the required safe egress time. ASET is
the available safe egress time. In Figure 24 it shows that RSET is the detection time + alarm time
+ pre-evacuation time + movement time. Figure 24 also shows that ASET is the time from
emergency start until the tenability limit is reached. The tenability limit is the time it takes for
the area to become uninhabitable. | used two different software programs to construct my
performance-based analysis, Pyrosim and Pathfinder.
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Figure 24: RSET VS ASET

Pyrosim

Pyrosim is a Fire Dynamics Simulator created by Thunderhead Engineering. Pyrosim is the
leading software for quickly and accurately working with FDS Models. Pyrosim can measure the
tenability conditions of a building or room during a fire situation.

Pathfinder
Pathfinder is an agent-based evacuation simulator. The program can show movement

simulations of occupants with high-quality 3D animated results, that gives reliable answers
quickly.

From the SFPE handbook Ch.2 4-50 there is an equation for Evacuation time.
Evacuation time = Time to notification + Reaction Time + Pre-evacuation time + Travel time

Time to notification time is a period it takes for smoke and heat to spread enough to set off an
alarm system. Reaction time is the time it takes an occupant to perceive the alarm or fire cue
and act. Pre-evacuation time is the time that elapses while the occupant is preparing to leave.
Travel time is the time to move to a location of safety. Travel time can be affected by the age,
agility, and commitment to the task at hand by the occupants of the building.

Characteristics of Occupants
Some factors that influence evacuation time are time of day, weather, age of occupants, and

familiarity with their surroundings. The Construction Innovation Center is a college building that
is mostly occupied between 0700 and 1800. This means all occupants should be awake inside
the building. The weather should not be a problem for this building. The building is in San Luis
Obispo, California where the weather is generally fair. The weather being fair should help
people from being reluctant to leave the building. Occupants being between the ages of 18-65
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should not have a challenging time evacuating this building. If occupant’s have disabilities the
building is equipped with exit access exterior walkways. Pre-evacuation time for this building
might take some time since students and faculty are the occupants. The occupants might take
their time to shut down and pack up their belongings. Also, there is no training on how to
evacuate this building, so it might take some time for an individual to come up with a plan
before evacuating.

Building A Design Scenario 1

For my first fire scenario | used the first floor waiting area in Building A as seen in Figure 25. For
this scenario, | referenced the Life Safety Codes design scenarios and picked Design Scenario 1.
Design Scenario 1 from the Life Safety Code considers a typical fire for the occupancy. It also
accounts for occupant activities, location of occupants, room size, fuel properties, ventilation
conditions, and location of ignition.

Figure 25: Chairs of Fire Ignition
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Fire Design Objectives

For this Scenario | have set some design objectives to meet for the occupants of the building. |
wanted to limit the heat exposure to the occupants. Thermal burns or first-degree burns occur
at around 50-60 degrees Celsius and would develop in less than a second at around 70 degrees
Celsius.

| wanted to maintain 5 feet of clearance from the smoke zone to the ground level. The height of
the lowest horizontal surface of the smoke layer interface shall be maintained not less than 5
feet above the walking surface that forms a portion of a required egress system within the
smoke zone.

Lastly, | wanted to ASET > RSET. ASET is the available safe egress time. RSET is the required safe
egress time.

Heat Release Criteria
The heat release rate for the fire scenario is centered around 4 chairs that are in the waiting

area of the lobby. The chairs are made of polyurethane fiber batting. These chairs must also
comply with California Bulletins 116,117, and 133. 116 and 117 require that the article meets
the flammability requirements set forth by the California Bureau of home furnishings and care
should be exercised near an open flame or with burning of cigarettes. Bulletin 133 was
designed to reduce the reliance on chemical flame retardants. This standard was set to
significantly reduce the speed of which a fire would spread. It also states that the max kw per
chair can’t be more than 80 kw for a chair in a public space. Using this information, a max HRR
of 320 kw was selected (80 kW per chair). Using Overholt’s Calculator | calculated a ramp up
time of 83 seconds for a t? fast fire as seen in Figure 26. Overholt’s calculator calculates a t2 heat
release curve that can be used to estimate transient fire growth for fire design purposes. The t?
equation is a parabola that uses the growth equation (Qdot = alpha x t?). In this equation alpha
is the growth coefficient (fast, ultra fast, etc.). You can either use the t2ramp to have it grow
until a specified HRR or a specified time to see what the corresponding HRR or time would be.
The output is a plot of HRR vs Time.
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Figure 26: Overholt’s Model for 320 kW at 83 seconds

After Running the Pyrosim model it was clear that the sprinklers would activate and limit the
growth of the fire at about 58 seconds and 68 degrees Celsius as seen in Figure 27. Then using
Overholt’s Calculator again | found a max HRR of 157 kW at 58 seconds as seen in Figure 28.
The Pyrosim model was ran again using a ramp up time of 58 seconds and a max heat release
rate of 157 kw was achieved. This simulation assumes that the fire will remain constant at 157
kw when the sprinklers are activated.
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Figure 27: Sprinkler Temperature Above Fire
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Figure 28: Overholt’s Model for 157 kW at 58 seconds
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Results of Design Fire 1

Pathfinder Assumptions and Results
For the occupants closest to the fire there was no pre-evacuation time. But the occupants in the

various rooms in the building were set to a pre-evacuation time of 15 seconds for the first floor
due to the occupant’s location next to the fire and having the ability of seeing and smelling
smoke. As well as hearing other occupants evacuate. For the second and third floor a pre-
evacuation time of 30 seconds was used since these occupants would not see or smell the
smoke. They would be alerted from the notification systems and may take some time to gather
their belongings and ponder how severe the situation is. The pre-evacuation time information
was found in the SFPE Handbook 5™ edition table 58.5. | have pulled the table from the SFPE
Handbook and have listed it below in table 20.

Table 20: Range of Times associated with pre-evacuation actions

Range of timing

Action (minutes)
Preparation { Action task. personal) 0.5-5
Communicating with others 3

{Information task)

Looking out the window 1-5
(Information task)

Helping. by authorities 4-10
(Action task, emergency)

Below | have images of the Pathfinder results. It was determined that the first floor would be
fully evacuated after 61 seconds. In Figure 29 | have shown Floor 1 Pathfinder results in
increments of 0,15,30, and 59 seconds. 0 seconds shows the occupant locations before the fire
started. 15 seconds shows that the occupants closest to the fire have started to evacuate. 30
seconds shows that all the occupants have started to evacuate from the first floor. 59 seconds
shows the last occupants evacuating. In Figure 30, | have shown Floors 2 and 3 Pathfinder
results in increments of 0, 45, 61, and 128 seconds. 0 seconds shows the occupant locations
before the fire started. 45 seconds shows that the occupants have started to evacuate. 128
seconds shows the last occupants evacuating.
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Floor 1 Building A
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Figure 29: Floor 1 Building A Pathfinder
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Floor 2 and 3 Building A

0 Seconds 45 Seconds

61 Seconds 128 Seconds

Figure 30: Floor 2 and 3 Building A Pathfinder
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Pyrosim Results
Pysosim was used to measure the tenability of the building. As stated earlier, the objectives of

this fire scenario were to limit the occupants to heat exposure of less than 50 degrees Celsius
and maintain 5 feet of clearance from the smoke zone to the ground level. At these points the
building would become untenable. The last objective was to make sure RSET > ASET. To meet
these objectives a Pyrosim model was developed for the first floor of Building A. Slice files were
placed in the model to measure visibility and temperature of the first floor.

Smokeview Results
Figure 31 shows the smoke spread on the first floor of Building A. The picture on the left is the

smoke spread at the 61 seconds which is the time of first floor evacuation. The picture on the
left shows the smoke spread at 128 seconds which is the time of seconds and third floor
evacuation.

61.1 seconds 128 seconds
Figure 31: Smokeview Fire Design Scenario 1

Visibility Results

The Visibility criteria set was to maintain 5 ft. of clearance from the smoke zone to the ground
level. The Construction Innovation Center maintained the 5 ft. of clearance while occupants
were still present in the building. | have shown this in Figure 32 and 33. Figure 32 shows a slice
file of the visibility at 61 seconds. This is the time that the first floor has fully been evacuated
and shows that only small sections have less than 5 ft of clearance. Figure 33 shows a slice file
of the visibility at 128 seconds. This is the time that the second and third floor have been fully
evacuated and shows that 5 ft. of clearance is still maintained.
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Figure 32: Visibility of 5 feet at 61 seconds

Figure 33: Visibility of 5 feet at 128 seconds
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Temperature Results

The temperature criteria was set to maintain temperatures of less than 50-60 degrees Celsius
while occupants are present. The Construction Innovation Center met this requirement. Figure
34 shows that the temperature spread is between 25 — 40 degrees Celsius around the fire at 61
seconds. Also, most of the building is still at ambient temperature of 20 degrees Celsius. Figure
35 shows that the temperature spread is between 30-40 degrees Celsius around the fire at 128
seconds. Also, most of the building is still at ambient temperature. 61 seconds is the time of
first floor evacuation and 128 seconds is the time of second and third floor evacuation.

Figure 34: Max Temperature at 61 seconds
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Figure 35: Max Temperature at 128 seconds

Fire Design Scenario 1 Summary

Fire design scenario 1 was centered around the lobby of the first floor of Building A. In the
lobby there are 4 chairs present that are the ignition source of the fire. After running
simulations in Pathfinder and Pyrosim it was concluded that the max visibility does not reach 5
feet above the walking surfaces, and the max temperature does not reach about 50 degrees
Celsius before the occupants have fully evacuated. Time of evacuation of the first floor is 61
seconds. This makes 61 seconds the required egress of time (RSET) of the first floor. The first
floor became unattainable at about 210 seconds. 210 seconds is the available safe egress time
(ASET) for the first floor. If a safety factor of 2 is used and the 61 seconds is doubled to 122
seconds the occupants still have more than enough time to escape the first floor. The second
and third floors RSET is 128 seconds. The ASET was not modeled for the second and third floor.
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Fire Design Scenario 2

For my second fire scenario | modeled a fire that started in Building 187 — Simpson Strong-Tie
Material Demonstration Lab. It is located Buildings 186 courtyard adjacent from buildings B and
C as shown in Figure 36. There is a separation distance of approximately 8 ft. | chose this design
to see if a fire in this structure would endanger occupants during an evacuation of Buildings B
and C. Fire design scenario 1 from the Life Safety Code was chosen as a guideline for this design.
Fire design scenario 1 accounts for the occupant’s activities, location of the occupant, fuel
properties, ventilation conditions, and location of ignition. Lastly, the model will be simulated
with 5-10 mph winds. These winds are average for the San Luis Obispo area. The wind
information was found on weatherspark.

Innovations
Center

Figure 36: Overview of Buildings 186 and 187

Fire Design Objectives
For this Scenario, | have set some design objectives to meet for the occupants of the building. |

wanted to limit the heat exposure to the occupants. Thermal burns or first-degree burns occur
at around 50-60 degrees Celsius and would develop in less than a second at around 70 degrees
Celsius.

| wanted to maintain 5 feet of clearance from the smoke zone to the ground level. The height of
the lowest horizontal surface of the smoke layer interface shall be maintained not less than 5
feet above the walking surface that forms a portion of a required egress system within the
smoke-zone.

I also will model the heat flux that the fire produces on the face of Building B. | have set the
tenability limit of heat flux to 2.5 kW/m?2. This is equivalent to 200 degrees Celsius and would
produce serious skin pain to occupants.
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Lastly, | wanted to ASET > RSET. ASET is the available safe egress time. RSET is the required safe
egress time.

Heat Release Criteria

Lumber Timber

The heat release criteria for this design scenario is modeled off the timber construction that
The Simpson Strong- Tie Material Demonstration Lab is made of. The lumber/timber is made of
Douglas Fir-Larch, which can be found in the construction plans for the building. Figure 37 is
pulled from the construction plans confirming that the lumber/timber is Douglas fir-Larch. |
have found a heat release rate of 90 to 134 kW/m? for Douglas fir larch which can be seen in
Figure 39. This information was found in, “Heat Release Rate Properties of Wood-Based
Materials” developed by the U.S. Department of Commerce, Figure 38.

LUMBER/TIMBER

1. LUMBER GRADES, MINIMUM (U.O.N.): DOUGLAS FIR-LARCH

Figure 37: Lumber/Timber Type

66 | Matthew Atwell

CAL POLYy

SAN LUIS OBISPO




Fire and Life Safety Analysis

Figure 38: Heat Release Rate Properties of Wood-Based Materials

Byl

Figure 39: Heat Release Rate of Douglas fir-Larch
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Polycarbonate System

In addition to the wood lumber/timber frame the Building has a polycarbonate glazing system
wrapped around the building. The polycarbonate layer is about 40 mm thick and is translucent
in color. | pulled a cross section of Building 187 from the construction plans. This cross section
can be seen below in Figure 40. | also highlighted numbers 1,2, and 15 from the cross section in
figure 40. Number 1 is locating the Douglas fir larch wood columns located behind the
polycarbonate glazing. Number 2 is showing the polycarbonate glaze that is all around the side
of the building. Number 15 is showing that the bottom of the building is made of concrete. The
concrete portion of the building is not modeled in this simulation. | modeled that the building
will be ignited halfway up. | have found that polycarbonate glaze has a max heat release rate of
about 560 kW/ m? this can be seen in Figure 41 below. Figure 41 is a graph showing heat
release rate data from cone calorimetry for Polycarbonate. This information was found in, “A
Finite Element Analysis on the Modeling of Heat Release Rate, as Assessed by a Cone
Calorimeter for Char Forming Polycarbonate” developed by David Statler jr. and Rakesh K.
Gupta. 130 kW/m? was chosen as the heat release rate based on the range of the Timber. 560
kW/ m? was chosen as the heat release rate for the polycarbonate blazing. For the overall heat
release rate 560 kW/ m? and 130 kW/m? was added together for a total of 690 kW/m?2. 690
kW/m? was then used to model the fire. There was no ramp up time for this fire because |
wanted to see the effects of the fire on the face of Buildings B and C.
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@ TYPE IV CONSTRUCTION. MANUFACTURED WOOD (7" x 7' NOMINAL COLUMNS) AND CUSTOM
"SIMPSON" CONNECTORS BEHIND POLYCARBONATE GLAZING SYSTEM.

(2)  40mm TRANSLUCENT POLYCARBONATE SYSTEM.

@ PAINTED CAST IN PLACE CONCRETE WALLS. COLOR TO MATCH PRECAST PANELS ON BUILDINGS A B

AND C.

Figure 40: Cross Section of Building 187 — Simpson Strong-Tie Material Demonstration Lab
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Figure 41: Heat Release Rate Data from Cone Calorimetry for Polycarbonate
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Results of Design Fire 2

Pathfinder Assumptions and Results
Some assumptions were made for the evacuation of Buildings B and C. First, it was assumed it

would take 30 seconds for the occupants to start evacuating. It would take the occupants 30
seconds to gather their belongings and begin to evacuate. The pre evacuation time information
was found in the SFPE Handbook 5™ edition. | have listed the pre evacuation times in Table 20
above. Below | have images of the Pathfinder results. It was determined that it would take
Buildings B and C, 2 minutes and 20 seconds to fully evacuate. Figure 42 and 43 show a top
view and side view of Buildings B and C before evacuation began. Figure 44 shows evacuation
after 1 minute. In this Figure some occupants have evacuated the rooms and are walking along
the exterior hallway towards the exits. Figure 45 shows evacuation at 1 minute 30 seconds. At
this time the occupants have passed through the fire rated doors that are located on Floors 2
and 3. The fire rated doors are made from aluminum and have 90-minute fire ratings. Figure 46
shows the last room C101 being evacuated at 1 minute 45 seconds. Also, Figure 46 shows the
time of total evacuation of 2 minutes and 20 seconds.
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B and C Top View 0 Seconds

Figure 42: Top View of Buildings B and C Before Evacuation
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0 Seconds

Figure 43: Side View of Buildings B and C Before Evacuation

1 Minute

Figure 44: Side View of Buildings B and C 1 Minute into Evacuation

72 | Matthew Atwell

CAL POLYy

SAN LUIS OBISPO




Fire and Life Safety Analysis

Fire Rated Doors

1 Minute 30 Seconds

Figure 45: Occupants Pass Fire Rated Doors
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Full Evacuation 2 Minutes 20 Seconds

Figure 46: Occupants Evacuate Last Room and The Entire Building
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Pyrosim Results
Pysosim was used to measure the tenability of the exterior walking paths during the fire. As

stated earlier the objectives of this fire scenario was to limit the occupants to heat exposure of
less than 50 degrees Celsius, maintain 5 feet of clearance from the smoke zone to the ground
level on the walking paths, and to keep the heat flux on the face of building B to less than 2.5
kw/m?2. The last objective was to make sure RSET > ASET. To meet these objectives a pyrosim
model was developed modeling Buildings B and C and Building 187. Slice files were placed in
the model to measure visibility and temperature of the walking paths. Also, devices were
placed to measure heat flux.

Smokeview Results
Figure 47 shows the Smoke View results from Design Fire Scenario 2. Figure 47 is a side view of

the buildings at 6 seconds. This shows the beginning of the smoke plume starting. Figure 48
shows a top view of the buildings after 2 minutes and 20 seconds. In Figure 48 you can see the
smoke plume being blown over buildings B and C by the wind that is set at 10 mph. The smoke
plume is also being blown over the egress paths.

Figure 47: Smoke view side view at 6 seconds
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Figure 48: Smoke view top view at 20 minutes 20 seconds
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Visibility Results

The Visibility criteria set was to maintain 5 ft. of clearance from the smoke zone to the ground
level. The Construction Innovation Center did not maintain the 5 ft. of clearance while
occupants were still present on the walking paths. Figure 49 shows a top view of visibility on
the 3™ floor walking path at 45 seconds. The figure shows that the walking paths visibility is
below the tenability limit. Figure 5 is a side view that is also taken at 45 seconds. This view
shows that the 2" floor exit passageway has also reached the tenability limit.

VIS_CO.9HO. 1
(m)

Figure 49: Visibility at 45 Seconds
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Figure 50: Visibility at 45 Seconds
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Temperature Results

The temperature criteria set was to maintain temperatures of less than 50-60 degrees Celsius
while occupants are present. The Construction Innovation Center did not meet this
requirement. Figure 51 shows that the max temperature reached on the face of Building B

reaches a high of 265 degrees Celsius at 45 seconds. Figure 52 shows a max temperature of the
265 degrees Celsius at 1 minute.

Figure 51: Max Temperature at 45 Seconds
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Figure 52: Max Temperature at 1 Minute

Heat Flux Results
The last result | wanted to check was the heat flux that was being produced by the fire onto the

face of Building B. Heat flux is the amount of heat transferred per unit area per unit time from
or to a surface. For the simulation 10 heat flux gauges were placed on the face of Building B. |
have shown the place of these gauges in Figure 53. | also graphed the results in Figure 54 of 2 of
the gauges. The gauges graphed show that Building B will be facing intense heat flux from the
fire. These heat flux ranges show that Building B’s face and walking path sees a very serious
amount of heat flux. The range is anywhere from kW/m?to 75 kW/m?2. This is much greater
than the tenability limit set of 2.5 kW/m?2.

@ 1 - .

Figure 53: Heat Flux Device Placement
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Heat Flux
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Figure 54: Heat Flux Graph
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Fire Design Scenario 2 Summary

For the second fire scenario, | modeled a fire that started in Building 187 — Simpson Strong-Tie
Material Demonstration Lab. It is located Buildings 186 courtyard adjacent from Buildings B and
C. After running the simulations in pathfinder and Pyrosim it was concluded that a fire in
Building 187 severely affects the tenable conditions of Building 186. It was concluded that the
max visibility does reach 5 feet above the walking surfaces, and the max temperature surpasses
the tenable max temperature of 50 degrees Celsius before the occupants have fully evacuated.
Time of evacuation of the building is 2 minutes and 20 seconds. A max temperature of 265
degrees is reached before the occupants have fully evacuated. Also, the max heat flux on the
building reaches well over the tenable limit of 2.5 kW/m? before the occupants have fully
evacuated. A max heat flux of 75 kW/m?is reached before the occupants have fully evacuated.

The Construction Innovation Center does not meet all code requirements and showed
insufficient performance during the fire simulations. | would recommend that the Simpson
Strong Tie Demonstrations Lab and The Construction Innovation Center have connected fire
alarm systems due to the buildings having about an 8 ft. separation distance. The occupants of
each building would benefit from being alerted to a fire in the adjacent building. | would also
like to recommend that both Buildings 186 and 187 have an exterior sprinkler system due to
the possibility of dangerous fire situations. An exterior sprinkler system would help limit the
amount of heat released and help provide tenable conditions while occupants escape.

Performance Based Analysis Summary

The first design of performance-based analysis for The Construction Innovation Center showed
positive results. The criteria set for the buildings was that the occupants needed to be
evacuated before the conditions of the building reached 50 — 60 degrees Celsius and the
building had to maintain a 5 ft. of clearance from the smoke zone to the ground level while
occupants are present. Lastly, ASET had to be greater than RSET. The first scenario was
modeled around the lobby of the fire floor of Building A. There are 4 chairs present that are the
ignition source of the fire. After running the simulations in Pathfinder and Pyrosim it was
concluded that The Construction Innovation Center met the tenable conditions. Thus RSET >
ASET.

The second design of performance-based analysis for The Construction Innovation Center
showed negative results. The second design scenario was modeled around Building 187 — The
Simpson Strong-Tie Material Demonstration Lab, which is in the courtyard of Building 186. After
running the simulations in Pathfinder and Pyrosim it was concluded it was concluded that the
max visibility does reach 5 feet above the walking surfaces, and the max temperature surpasses
the tenable max temperature of 50 degrees Celsius before the occupants have fully evacuated.
A max temperature of 265 degrees is reached. Also, the max heat flux on the building reaches
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well over the tenable limit of 2.5 kW/m2. A max heat flux of 75 kW/m?Zis reached. Time of
evacuation of the first floor is 2 minutes and 20 seconds.

The Construction Innovation Center does not meet all code requirements and showed
insufficient performance during the fire simulations. | would recommend that the Simpson
Strong Tie Demonstrations Lab and The Construction Innovation Center have connected fire
alarm systems due to the buildings having about an 8 ft. separation distance. The occupants of
each building would benefit from being alerted to a fire in the adjacent building. | would also
like to recommend that both Buildings 186 and 187 have an exterior sprinkler system due to
the possibility of dangerous fire situations. An exterior sprinkler system would help limit the
amount of heat released and help provide tenable conditions while occupants escape

Conclusion

In this report you have found the analysis of existing fire protection systems and features that
are installed in the Construction Innovation Center at California Polytechnic State University,
San Luis Obispo. The Building’s construction was completed in 2008 and is separated into three
separate buildings A, B, and C connected by an exterior balcony. This report was separated into
two separate analysis Prescriptive and Performance.

The Prescriptive analysis reviewed the building’s means of egress, fire alarm systems, the
suppression systems, and structural fire protection. The Prescriptive-based analysis of the
Construction Innovation Center confirmed that the building meets the requirements of NFPA
101 The Life Safety Code, NFPA 13, NFPA 17, NFPA 72, NFPA 92, the International Building Code
(IBC), and the California Building Code (CBC).

The performance-based analysis investigated two different fire scenarios. The first design is set
in the lobby of the first floor of Building A. The second fire scenario examines the effects that a
fire would have on Buildings B and C if it started in Building 187, The Simpson Strong-Tie
Materials Demonstration Lab, which is in the courtyard of the Construction Innovation Center.
For the performance-based analysis. Pyrosim and Pathfinder were used. Pyrosim is a type of
fire dynamics simulator that simulated fire conditions inside the buildings including
temperature, tenability, and other features. Pathfinder was used to simulate evacuation times.
Both design scenarios yielded positive results of Required Safe Egress time (RSET) being greater
than the Available Safe Egress Time (ASET).

The Construction Innovation Center does not meet all code requirements and showed
insufficient performance during the fire simulations. | would recommend that the Simpson
Strong Tie Demonstrations Lab and The Construction Innovation Center have connected fire
alarm systems due to the buildings having about an 8 ft. separation distance. The occupants of
each building would benefit from being alerted to a fire in the adjacent building. | would also
like to recommend that both Buildings 186 and 187 have an exterior sprinkler system due to
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the possibility of dangerous fire situations. An exterior sprinkler system would help limit the
amount of heat released and help provide tenable conditions while occupants escape.
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Appendix

A: Colored Rooms

Floor 1

Conference Room

Restroom

Ed. Lab.

Utilities

Waiting Area

Stairs

Elevator

Storage

Classroom

Exit Access
Passageway

Exit Passageway
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Floor 2

Conference Room

Restroom

Ed. Lab.

Utilities

Waiting Area

Stairs

Elevator

Storage

Classroom

Exit Access
Passageway

Exit Passageway
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Floor 3

Conference Room

Restroom

Ed. Lab.

Utilities

Waiting Area

Stairs

Elevator

Sto rage

Classroom

Exit Access
Passageway
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B: Occupant load
Floor 1 Building A

) )

8102 | gipa/At0s | A105
A106 H

A0 BA00 e L Al0g
A1004
A112
!
!
Room ('?trf;) Occupant Load Factor chssjnt

A 100 Reception 116 100 1
A 100A Waiting Area 165 15 11
A 101 Conference Room 610 15 41
A 102 DCP Office 200 100 2
A 103 Office 110 100 2
A 104 Office 110 100 2
A 105 Office 110 100 2
A 108 Privately Funded Fac 300 100 3
A 112 Heavy/Civil Lab 1800 50 36
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Floor 2 Building A

Room Area (ft*2) Occupant Load Factor Occupant Load

A 200 Office 100 100 2
A 201 Office 110 100 2
A 202 Office 110 100 2
A 203 Conference Room 530 15 36
A 204 Office 115 100 2
A 205 Office 115 100 2
A 206 Office 115 100 2
A 207 Office 110 100 2
A 209 Office 300 100 3
A 211 Office 110 100 2
A 213 Office 160 100 2
A 215 Lab 1998 50 40
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Floor 3 Building A

Room Area (ft*2) Occupant Load Factor Occupant Load
A 300 Office 110 100 2
A 301 Office 110 100 2
A 302 Office 110 100 2
A 303 Office 110 100 2
A 304 Office 110 100 2
A 305 Office 110 100 2
A 306 Office 110 100 2
A 307 Office 110 100 2
A 309 Office 110 100 2
A 311 Office 110 100 2
A 314 Office 110 100 2
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Floor 1 Building B

B103
E104

B10S 8105

Room (':‘trf;) Occupant Load Factor | Occupant Load
B 102 1987 50 38
B 103 1994 50 40
B 104 Private Research 235 100 3
B 105 Private Research 235 100 3
B 106 Lab 1989 50 40

91 | Matthew Atwell

CAL POLYy

SAN LUIS OBISPO




Fire and Life Safety Analysis

Floor 2 Building B

B2

Room Area (ft*2) Occupant Load Factor Occupant Load
B 202 Lab 1902 50 39
B 203 Lab 1966 50 40
B 204 Office 235 100 3
B 205 Office 235 100 3
B 206 Lab 1989 50 40
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Floor 3 Building B

Room Area (ft*2) Occupant Load Factor Occupant Load
B 302 Lab 1904 50 39
B 303 Lab 2450 50 49
B 304 Lab 2094 50 42

CAL POLYy

SAN LUIS OBISPO

93 | Matthew Atwell



Fire and Life Safety Analysis

Floor 1 Building

C

C102

Room (?trf;) Occupant Load Factor Occupant Load
C 100 728 20 37

C 101 Lecture 722 20 37

C 102 Lecture 721 20 37

C 103 Lecture 735 20 37
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Floor 2 Building C

Room Area (ft72) Occupant Load Factor Occupant Load
C 200 Lecture 753 20 38
C 201 Lecture 466 20 29
C 202 Lecture 749 20 38
C 203 Lecture 769 20 38
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Floor 3 Building C

Room Area (ft"2) Occupant Load Factor Occupant Load
C 300 Lecture 735 20 37
C 301 Lecture 564 20 29
C 302 Lecture 821 20 41
C 303 Lecture 759 20 38
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C: Fire Rated Walls

Floor 1

1 Hour Fire Wall
2 Hour Fire Wall

LA

8102
A102 A103 A104 | A105
B103
-
A101 A100 A110
L A100A
8106

A108

A106

A108

A112
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Floor 2

1 Hour Fire Wall

2 Hour Fire Wall
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Floor 3

1 Hour Fire Wall
2 Hour Fire Wall
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D: Exits and Exit Signage

Floor 1

Exit Doors
Stairway Exits
Exit Access Doors
Exit Signs

A102 | aroafaros | atos
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Floor 2

Exit Doors

Stairway Exits

Exit Access Doors

Exit Signs

)
\&LH
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Floor 3

Exit Doors
Stairway Exits
Exit Access Doors
Exit Signs

B302
-
B303 B303A
1 —5
I e

- L0

B304A

B304

o] 8307 4] | B30S
e
b - ; B306 O I O
= 1D ) ]
C303 €302 301 C300
| .
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E: Location of Devices

Basement Floor Building A

Fire Alarm Control

Strobe Waterflow Bell
Panel

Horn Valve Tamper Switch Fire Smoke Damper

Pull Down Duct Smoke

Station s sirelos Detector

Horn with . Multi- Sensor
Annunciator

Gasket Detector

Heat Detector Waterflow Switch
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Floor 1 Building A

—

LN

Y

'

f

A TRISH

N

|

Strobe

Horn

Pull Down
Station

Horn with
Gasket

Heat Detector
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Fire Alarm Control

Panel

Valve Tamper Switch

Waterflow Bell

Horn/Strobe

Fire Smoke Damper

Annunciator

Duct Smoke

Detector

Multi- Sensor

Detector

Waterflow Switch
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Floor 2 Building A

OUPERTIRD ELECTRIC TY CONSTRUCTION LAB

Fire Alarm Control

Strobe Waterflow Bell
Panel

Horn Valve Tamper Switch Fire Smoke Damper

Pull Down Duct Smoke

Station Aol Detector

Horn with Annunciator Multi- Sensor

Gasket Detector

Heat Detector Waterflow Switch
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Floor 3 Building A

s
2/

Fire Alarm Control

Strobe Waterflow Bell
Panel

Horn Valve Tamper Switch Fire Smoke Damper

Pull Down Duct Smoke

Station Al Detector

Horn with Annunciator Multi- Sensor

Gasket Detector

Heat Detector Waterflow Switch
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Floor 1 Building B

=
1. S1L Sk & COMTER, TR |1 I

Fire Alarm Control

Strobe Waterflow Bell
Panel

Horn Valve Tamper Switch Fire Smoke Damper

Pull Down Duct Smoke

Station torn/Strobe Detector

Horn with . Multi- Sensor
Annunciator

Gasket Detector

Heat Detector Waterflow Switch
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Floor 2 Building B

Fire Alarm Control

Strobe Waterflow Bell
Panel

Horn Valve Tamper Switch Fire Smoke Damper

Pull Down Duct Smoke

Station e Sielos Detector

Horn with . Multi- Sensor
Annunciator

Gasket Detector

Heat Detector Waterflow Switch
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Floor 3:Build

ingB

Fire Alarm Control

Strobe Waterflow Bell
Panel

Horn Valve Tamper Switch Fire Smoke Damper

Pull Down Duct Smoke

Station e Sielos Detector

Horn with . Multi- Sensor
Annunciator

Gasket Detector

Heat Detector Waterflow Switch
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Floor 1 Building C

Fire Alarm Control

Strobe Waterflow Bell
Panel

Horn Valve Tamper Switch Fire Smoke Damper

Pull Down Duct Smoke

Station AelfiyiElas Detector

Horn with Annunciator Multi- Sensor

Gasket Detector

Heat Detector Waterflow Switch
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Floor 2 Building C

|

IF:
sl

-
.‘/ \
£
- l .
T

Fire Alarm Control

Strobe Waterflow Bell
Panel

Horn Valve Tamper Switch Fire Smoke Damper

Pull Down Duct Smoke

Station B EETEloE Detector

Horn with . Multi- Sensor
Annunciator

Gasket Detector

Heat Detector Waterflow Switch
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Floor 3 Building C

i
ﬁ}m\r\w&f\

r

ngﬁ

Fire Alarm Control

Strobe Waterflow Bell
Panel

Horn Valve Tamper Switch Fire Smoke Damper

Pull Down Duct Smoke

Station sl Detector

Horn with . Multi- Sensor
Annunciator

Gasket Detector

Heat Detector Waterflow Switch
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F: Detact for Fire Alarms
| selected Room 206 in the Construction Innovation Center for this fire Scenario. The room is in

building B of the facility on the second floor. The room has a 10-ft. ceiling and | modeled the fire
as starting on the floor in a corner the furthest point from a heat detector. This gives the
longest response time for a detector. | modeled the fire as a medium growth fire with alpha
equal to .047. | modeled ambient temperature as 25 degrees Celsius and actuation
temperature 21.1 degrees Celsius above that at 46.1 degrees. NFPA 72-ANEX B Table B.4.7.5.3
Temperature Rise for Detector Response says that the average temperature rise for scattering
is 21.1 degrees Celsius. | used a low RTI of 15 for this model. The results show that it would take
between 62-64 seconds to activate a heat detector in room 206. At the actuation time the heat
release rate would be between 46.1-49.2 kW

INPUT PARAMETERS CALC. PARAMETERS
Ceiling height (H)| 3.048 |m R/MH 0.328
Radial distance (R) 1.0 m dT(cj)/dT(pl) 0.631
Ambient temperature (To) 25 C u(cj)u(pl) 0.506
Actuation temperature (Td)| 46.1 C Rep. 12 coeff. Kk

Response time index (RTI) 15 (m-s)1/2 Slow| 0.003
Fire growth power (n) 2 - Medium| 0.012

Fire growth coefficient (k)] 0.012 |kW/s*n Fast| 0.047
Time step (dt) 2 s Ultrafast] 0.400

DETACT
—Gas temp Det temp =—=HRR

200.0 1000.0

180.0 900.0

800.0

160.0 / .
140.0 // 700.0
o //// 600.0
% 100.0 / / 500.0
= 800 400.0
60.0 / / 300.0
40.0 7/ // 200.0

100.0

20.0 | /
0.0

HRR (kW)

0 30 60 90 120 150 180 210 240 270 300
TIME (s)
Calculationtime(s) | HRR | Gastemp | Gas velocity | Dettemp | dT/dt
62 46.1 46.4 1.25 4034 | 0.4515
64 49.2 473 1.28 4125 | 0.4580
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G: Voltage Drop Calculations

The notification devices in the Construction Innovation Center are connected using normal 12
AWG wire and 24 VDC. The Circuits of the wires can be seen in the Fire alarm plans in the
appendix | have attached. The Voltage drop calculations are seen below

Circuit Number S1 S2 S1 S1 S1 S2 S3 S1 S2 S3 S1 S2
Building Al AB A2 A3 Bl B1 Cl B2 B2 c2 B3 Cc3
Wire 12 12 12 12 12 12 12 12 12 12 12 12
Panel NFS-640 | NFS-640 FCPS FCPS FCPS FCPS FCPS FCPS FCPS FCPS FCPS FCPS
Length 340 109 353 175 195 445 139 197 440 109 442 142
Resistance (ohm/1000 ft.) 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98 1.98
Total Current Amp 1.208 0.084 1.176 0.608 1.422 0.588 0.552 1.422 0.56 0.524 1.358 0.0524
Voltage drop 1.63 0.04 1.64 0.42 1.1 1.04 0.3 1.11 0.98 0.23 2.38 0.29
VD % 6.78 0.15 6.85 1.76 4.58 4.32 1.27 4.62 4.07 0.94 9.89 1.23
Circuit Number S1 S2 S1 S1 S1 S2 S3 S1 S2 S3 S1 S2
Strobe 15 cd 1 0 2 2 1 4 0 1 4 0 1 0
Strobe 30 cd 1 0 1 0 1 2 0 1 2 0 3 0
Strobe 75 cd 1 0 0 0 0 0 0 0 0 0 1 0
Interior Horn 0 3 0 0 0 0 0 0 0 0 0 0
Exterior Horn 3 0 3 1 0 3 2 0 2 1 2 1
Horn/Strobe 15 cd 1 0 4 4 0 0 0 0 0 0 0 0
Horn/Strobe 30 cd 2 0 0 0 0 0 4 0 0 4 0 4
Horn/Strobe 75 cd 2 0 2 0 6 0 0 6 0 0 0 0
Horn/Strobe 110 cd 0 0 0 0 0 0 0 0 0 0 3 0
Total 11 3 12 7 8 9 6 8 8 5 10 5
VOLTAGE DROP FORMULAS
VD = VOLTAGE DROP
L = ONE WAY LENGTH OF CIRCUIT (IN FEET) VD=2xLxRxlI %D = VD x 100
R = CONDUCTOR RESISTANCE (IN OHMS/FEET) 1000 24
| = LOAD CURRENT (IN AMPS) (DEVICE VOLTAGE)
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H: Battery Calculations
Floor 1 Building A

BATTERY CALCULATION
NFS-640 - Building A 1st Floor
SUPERVISORY CURRENT ALARM _ CURRENT
EQUIPMENT QUANTITY | (IN_AMPS) (IN_AMPS)
UNT TOTAL UNIT TOTAL
1 CPU—640 1 0.2300 0.2300 0.2300 0.2300
2 KDM-2 1 0.0400 0.0400 0.0940 0.0940
3 NCM-W, NCM-F 1 0.1100 0.1100 0.1100 0.1100
4 SLC! DEVICE ACTIVATION CURRENT 1 0.2000 0.2000 0.2000 0.2000
6 LCD-80 1 0.0500 0.0500 0.1000 0.1000
7  NBG—12LX 10 0.0003 0.0030 0.0003 0.0030
8 FAPT-851 7 0.0003 0.0213 0.0003 0.0213
10 FSD-751PL 10 0.0003 0.0030
13 FMM-—1 1 .0.0003 0.0003 0.0003 10.0003
14 FDM-1 1 0.0008 0.0008 0.0057 0.0057
A1 NOTIFICATION CIRCUIT S1 1 1.2080 1.2080
AB NOTIFICATION CIRCUIT S2 1 0.0840 0.0840
SUB—TOTALS (IN AMPS) T 0.6584 2.0563
TIME FACTOR: 24 HOUR STANDBY X 24
5 MINUTES IN ALARM X 0083
SUB-TOTALS (IN AMPHOURS): 15.8004 0.1714
STANDBY AMPHOURS 15.8004
ALARM AMPHOURS + 01714
SYSTEM AMPHOURS = 159718
+25% DERATING +| 39929
TOTAL AMPHOURS =|  19.9647
BATTERIES PROVIDED 55.00
TOTAL AMPHOURS - 19.9647
AVAILABLE SPARE CAPACITY =| 3504
Floor 2 Building A
BATTERY CALCULATION
FCPS-24S - Building A 2nd Floor
SUPERVISORY CURRENT ALARM CURRENT
EQUIPMENT QUANTITY (IN_AMPS) (IN_AMPS)
UNT TOTAL UNIT TOTAL
5 | FCPS—-24S 1 0.0650 0.0650 0.1450 0.1450
fA2 NoTIFICATION CIRCUIT St 1 1.1760 1.1760
SUB—TOTALS (IN AMPS) 0.0850 13210
TIME FACTOR: 24 HOUR STANDBY X 24
5 MINUTES IN ALARM X 0083
SUB~TOTALS (IN AMPHOURS): 1.5600 0.1101
STANDEY AMPHOURS 1.5600
ALARM AMPHOURS + o101
SYSTEM AMPHOURS = 16701
+25% DERATING + 04175
TOTAL AMPHOURS =| 2.0878
BATTERIES PROVIDED 7.20
TOTAL AMPHOURS -| 20878
AVAILABLE SPARE CAPACITY =l BN
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Floor 3 Building A

BATTERY CALCULATION
FCPS-24S - Building A 3rd Floor
SUPERVISORY CURRENT ALARM  CURRENT
EQUIPMENT QUANTITY (IN_AWPS) (IN_AMPS)

. B _ UNIT TOTAL UNIT _ ToAL
5 FCPS-24S 1 0.0650 0.0650 0.1450 0.1450
A3 NOTIFICATION CIRCUIT S1 1 0.6080 0.8080

SUB-TOTALS (IN_AMPS) 0.0650 0.7530
TIME FACTOR: 24 HOUR STANDBY X 24
5 MINUTES IN ALARM X 0083
SUB-TOTALS (IN AMPHOURS): 1.5600 0.0628
STANDBY AMPHOURS 1.5800
ALARM_AMPHOURS + 00628
SYSTEM_AMPHOURS = 1.6228
+25% DERATING + 04057
TOTAL AMPHOURS =|  2.0284
BATTERIES PROVIDED 7.20
TOTAL AMPHOURS -|  2.0284
AVAILABLE SPARE CAPACITY = 617
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Floor 1 Building B and C

BATTERY CALCULATION
NFS-640 - Building B 1st Floor
SUPERVISORY CURRENT ALARM CURRENT
EQUIPMENT QUANTITY (IN_AMPS) {IN_AMPS)
UNIT TOTAL UNIT TOTAL
1 CPU—640 ] 0.2300 0.2300 0.2300 0.2300
2 KDM=2 1 0.0400 0.0400 0.0840 0.0940
3 NCM-W, NCM—F 1 0.1100 0.1100 0.1100 0.1100
4 SLC1 DEVICE ACTIVATION CURRENT 1 0.2000 0.2000 0.2000 0.2000
7 NBG-12LX 30 0.0003 0.0080 0.0003 0.0080
8 FAPT-851 77 0.0003 0.0231 0.0003 0.0231
9 FST-851 2 0.0003 0.0005 0.0003 0.0005
10 FSD-751PL ‘28 0.0003 0.0084 )
12 FRM-1 5 0.0002 0.0010 0.0002 0.0010
14 FDM-1 2 0.0008 0.0015 0.0057 0.0114
SUB-TOTALS (IN AMPS) 0.6235 0.6700
TIME FACTOR: 24 HOUR STANDBY X 24
5 MINUTES IN ALARM X 0.083
SUB-TOTALS (IN AMPHOURS): 14.9650 0.0566
STANDBY AMPHOURS 14.9850
ALARM AMPHOURS +|  0.0586
SYSTEM AMPHOURS = 150215
+25% DERATING +| 37554
TOTAL AMPHOURS =| 18.7769
BATTERIES PROVIDED 55.00
TOTAL AMPHOURS -| 18.7769
AVAILABLE SPARE CAPACITY = 3622
BATTERY CALCULATION
FCPS-24S - Building B 1st Floor
SUPERVISORY CURRENT ALARM CURRENT
EQUIPMENT QUANTITY (IN_AMPS) (IN_AMPS)
UNIT TOTAL UNIT TOTAL
5 |FCPS-24S 1 0.0650 0.0650 0.1450 0.1450
B1 NOTIFICATION CIRCUIT St 1 1.4220 1.4220
B1 NOTIFICATION CIRCUIT S2 1 0.5880 0.5880
C1 NOTIFICATION CIRCUIT S3 1 0.5520 0.5520
SUB—TOTALS (IN AMPS) 0.0650 2.7070
TIME FACTOR: 24 HOUR STANDBY X 24
5 MINUTES IN ALARM X 0083
SUB~TOTALS (IN AMPHOURS): 1.5600 0.2256
STANDBY AMPHOURS 1.5600
ALARM AMPHOURS +| 0.225
SYSTEM AMPHOURS = 17858
+25% DERATING +|  0.4484
TOTAL AMPHOURS = 22320
BATTERIES PROVIDED 7.20
TOTAL AMPHOURS -| 22320
AVAILABLE SPARE CAPACITY = 497
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Floor 2 Building B and C

BATTERY CALCULATION
FCPS-248S - Building B 2nd Floor
SUPERVISORY CURRENT ALARM_CURRENT
EQUIPMENT QUANTITY (IN_AwPS) (IN_AMPS)
UNIT T UNIT TOTAL
5 FCPS—24S 1 0.0650 0.0650 0.1450 0.1450
B2 NOTIFICATION CIRCUIT S1 1 1.4220 1.4220
B2 NOTIFICATION CIRCUIT S2 1 0.5600 0.5600
C2 NOTIFICATION CIRCUIT S3 1 0.5240 0.5240
[~ SUB-TOTALS (IN AMPS) 0.0650 2.8510
TIME FACTOR: 24 HOUR STANDBY X 24
5 MINUTES IN ALARM | X 0.083
SUB-TOTALS (IN AMPHOURS): 1.5600 0.2209
STANDBY AMPHOURS 1.5600
ALARM AMPHOURS +| 02209
SYSTEM AMPHOURS = 1.7809
+25% DERATING +| 04452
TOTAL AMPHOURS = 22261
BATTERIES PROVIDED 7.20
TOTAL AMPHOURS - 22281
AVAILABLE SPARE CAPACITY = 497
Floor 3 Building B and C
BATTERY CALCULATION
FCPS-24S - Building B 3rd Floor
SUPERVISORY CURRENT ALARM CURRENT
EQUIPMENT QUANTITY (IN_AMPS)
UNIT TOTAL UNIT TOTAL
5 |FCPS—24S 1 0.0650 0.0650 0.1450 0.1450
|83 NomFicaTioN circuIT S1 1 1.3580 1.3580
C3 NOTIFICATION CIRCUT S2 1 0.5240 0.5240
[~ SUB-TOTALS (IN AMPS) 0.0650 2.0270
TIME FACTOR: 24 HOUR STANDBY X 24
5 MINUTES IN ALARM X 0083
SUB-TOTALS (IN AMPHOURS): 1.5600 0.1689
STANDBY AMPHOURS 1.5600
ALARM AMPHOURS + 0.1689
SYSTEM AMPHOURS = 17280
+25% DERATING + 04322
TOTAL AMPHOURS = 21611
BATTERIES PROVIDED 7.20
TOTAL AMPHOURS - 2161
AVAILABLE SPARE CAPACITY = 504
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Fire and Life Safety Analysis

I: Riser Building A

3* NIBCO GD-4765-8N
GRVD BFV FLOOR CONTROL & T.S.

3“ TYCO MODEL CV-1F
GROOVED CHECK VALVE

GAGE ASSEMBLY (TYP)

SYSTEM SENSOR MODEL # WFD30
FLOW SWITCH

1 1/4* AGF #1000 TEST-AN-DRAIN
VALVE W/ 1/2* ORIFICE.

2’ GLOBE VALVE - MAIN DRAIN

4" X 2* AIR-GAP FITTING
DRAIN CONNECTION NOT IN CONTRACT.

QOO®OOE

O

PIPE STAND
HANGER DETAIL #20

119 | Matthew Atwell

CAL POLYy

SAN LUIS OBISPO




Fire and Life Safety Analysis

Riser Building B and C

1 F-10° ]
rE' DRAIN—,

O o

A —

PLAN VIEW
o
LM
8¥%| f=
@ 3¢ NIBCO GD-4765-8N
GRVD BFV FLOOR CONTROL & TS.
o @ 3* TYCO MODEL CV-1F
5 H GROOVED CHECK VALVE
g s 3 Q) Gace assemaLY (TYP)
=1 & ;
= B P SYSTEM SENSOR MODEL # WFD30
2 |2 | @ Ao
. B @ 1% AGF #1000 TEST-AN-DRAIN
- . VALVE W/ 1/2* ORIFICE,
o @ 4% X 2* AIR-GAP FITTING
DRAIN CONNECTION NOT IN CONTRAC
= [
T T
= J =
PIPE STAND
HANGER DETAIL #20
I FROM FDC
[\ SPRINKLER RISER ROOM
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Fire and Life Safety Analysis

J: Sprinkler and Riser Location

Basement Floor Building A

JNDERGROUND [ =4———
1 - SEE SHEET FP0.02

FPO.3
~—
Upright Quick Response
Concealed Response
Concealed response on
Sprig
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Fire and Life Safety Analysis

Floor 1 Building A
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Concealed Response

Concealed response on
Sprig

122 | Matthew Atwell



Fire and Life Safety Analysis

Floor 2 Building A
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Fire and Life Safety Analysis

Floor 3 Building A

- — §
1 k] T 21«4 " —— || R B Y T
. ! =k | 2l {Fu | I Jsaoxef [1THI7 0R |
a it 2| T A
| 7 &8 = i 83 V| &K
! 4 n ; 04 B ol B 1l b 3
- K% 4 v v ? A
H! s . h / S = ! wioq12ld il
L ” x———f‘ ? J ‘}J 1 Q (]J | 'c
I8E N\ 1 WA 2% ! = ! i
1 ' mwz : % - I QEK
£y 14 ad, . ,,;J L i Pl
+ | ol NISEY + T T N ANt - -
| 3" L | P
— — M| 9F k
el I 1|IRE - ; AN s T J
J o ic > 2 = Afc. ) 33921:"
1 ]
g - W2l T 50 ) ]
T L. UOSET™ 4
'_Ji-::, . V \"“ ‘-1
| = 67 5 > | N
=
. - - OPEN A - it \
« SR e e s
N ’ = -J =L== ’ :_‘ <
D e - W
13 | ! o7 7 H ; £
i i -4 K e
S Eq i N > 14 | | S I
I N | |
] E : s o2l ; | \|
- o : s - _H =t T i 1 T
Upright Quick Response
Concealed Response
Concealed response on
Sprig
124 | Matthew Atwell
CAL POLY

SAN LUIS OBISPO



Fire and Life Safety Analysis

Floor 1 Building B
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Concealed Response
Concealed response on
Sprig

125 | Matthew Atwell

CAL POLYy

SAN LUIS OBISPO




Fire and Life Safety Analysis

Floor 2 Building B
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Fire and Life Safety Analysis

Floor 3 Building B
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Fire and Life Safety Analysis

Floor 1 Building C
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Fire and Life Safety Analysis

Floor 2 Building C
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Fire and Life Safety Analysis

Floor 3 Building C
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Upright Quick Response

Concealed Response

Concealed response on
Sprig
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Fire and Life Safety Analysis

K: IBC Occupancy classifications

Floor 1
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Fire and Life Safety Analysis

Floor 2
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Fire and Life Safety Analysis

Floor 3
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