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and Evacuation Simulation Programs. Master of Engineering (Safety Engineering),
Major Field: Safety Enginecring, Interdisciplinary Graduate Program.
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This thesis of study is to propose the guideline of evacuation management of the
highlight buildings using the fire dynamic simulation Program and evacuation simulation
program. These two programs are used as tools to investigate the fire accident from the
combustion of furniture in the office of high-rise building. The simulation started from the
origin of the fire smoke and expanded according to time. The simulation led to the evacuation

time. The simulation led to the evacuation time of people from the office.

The simulation suggested on the evacuation management including making people in
the office understood about fire safety to reduce the potential loss. The results showed that the
evacuation time was 2.175 minute. However, after the removal of some particle boards and
equipment from the combined fire escape as suggested by the simulation, the evacuation time

was only 1 minute for evacuating 73 people from the office through the fire stair way.

Particularly, combined and dead end fire exits affected the evacuation management.
‘The suggestions of the fire escape route improvement were to expand the fire exit and
reorganize the shape of the fire exit around the elevator to rectangular shape as to the building
structure. Nevertheless, the width of the fire exit needed to be expanded to be large enough to
support people in case of fire situation. Moreover, the guideline of the document storage

prohibition at the fire exit was also proposed.
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wamsinaniu'll [Mass Flow Rate, ke/s (1b/s)]

Ec = 0.7E (1)
Ze = CE:™” C=0.159 (0.533) )
7<7Zf m = CIE"Z C1=0.030 (0.0208) 3)
7<7Zr m = C2Ec €2=0.00474 (0.011) (4)
7>7f m = C3Ec 727 +C4Ec 5)
c3 = 0.071(0.022)  C4=0.0018(0.0042)

nseamiusuasmsIna [Volumetric Flow Rate, m™3/s (cfim)] (ANWMIUY 1.2

kg/m”3)

7<7Zf, Q = C5Ec™’z C5=0.025 (16.64) (6)



10

7=7f, Q = C6E C6=0.00395 (8.8) (7)

7>7¢ C7Ec"75/3+C8Ec (8)
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kg/m3)

wamsinaniu'lil [Mass Flow Rate, kg/s (Ib/s)

Ec
Zt
Z<Zf, m
Z=7f m
Z>7f m

2%0.7E
2/5
CEc C=0.159 (0.533)
CiwEc Z Ciw=C1/2=0.015 (0.0104)

C2wEc

C3wEc

C2w = C2/2 =0.00237(0.0055)

1/3,,5/3

7 +C4awEc

(10)

(1D

(12)

(13)

(14)

a dg a . 1
nsenalulTasmslva [Volumetric Flow Rate, m” (cfm)] (ANUARUWUU 1.2

7<Zi, Q

C5swEc

Pz Csw=C52 =0.0125 (8.32)

(15)
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7=7f Q = CéwEc Céw=C62 =0.001975  (4.4) (16)
7=7f, Q = C7wEe "7 +C8wEc (17)
Cw = C7/2=0.0295(8.8) C8w = C8/2=0.00075(1.68)
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kg/m3)

wamsinan il [Mass Flow Rate, ke/s (1b/s)]

Ec

Zf

7</f M

2>7t M

C3c

4%0.7E = 2.8E
CE:™” C=0.159 (0.533)

CIE"Z C1e=C1/4 = 0.0075(0.0052)
CacEe C2c=C2/4 = 0.001185

1/3,,5/3

C3cEc Z +C4cEc

C3/4=0.01775 (0.0055) C4c = C4/4 = 0.00045 (0.00105)
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(18)

(19)

(20)

2D

(22)

a I~ a ]
nsenalulTasmslva [Volumetric Flow Rate, m” (cfm)] (ANUHUUUT.2

7<Zf Q

CscEc’’Z C5c=C5/4 = 0.00625(4.16)

(23)
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7=7f Q = CécEc C6c=C6/4 = 0.0009875(2.2) (24)
7>7¢  Q = C7cEc 7" +C8cEc (25)
Cre = C7/4 = 0.01475(4.4) C8c = C8/4 = 0.000375 (0.84)
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2/3

M = C9 (EW?) " (Zb+0.3H) [1+0.063(Zb+0.6H)/W] (26)

Q=C10 (EW?) "(Zb+0.3H) [1+0.063(Zb+0.6H)W] ** 27)

C9=0.41(0.124) C10=0.34(99.2) (28)
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&HEAD CHID='sam11",TITLE='STH FLOOR OF AIRPORT OFFICE'/
&GRID IBAR=128,JBAR=128, KBAR=24 /

&PDIM XBARO0=-5.00,XBAR=35.00,YBAR0=-5.00,YBAR=35.00,ZBAR0=0.00,ZBAR=3.20 /

09/’ 4 @ 4 o Av g
NUIBDL: MIAIFDITT09 A 1MUA GRID Hazuauediodlagueniinailu X,Y,Z

&TIME TWFIN=1200/

o d a a
wuede: nanlumsirasanamssinamqmas lnd

&MISC RESTART=TURE. REACTION="WOOD' NFRAMES=3600,
SURF DEFAULT='GYPSUM BOARD' CHARACTERISTIC VELOCITY=10.00

GAUGE_TEMPERATURE=20.0/

] ] 4
Weda: mIsmuaidguostesdumaiauyATY tazdmuadugunginieTUGRID ez

ﬁmuﬂﬂ:nm%amimﬁauﬁmmmm%u

&REAC ID="WOOD'
FYI="Ritchie, et al., 5th IAFSS, C_ 3.4 H 6.2 0 2.5'
SOOT_YIELD = 0.01

NU 02=3.7

NU CO2=3.4

NU H20 =3.1

MW _FUEL = 87.

EPUMO2 =11020. /

]

= v qYa a A wa A v
HUYD: ﬂ15ﬁ\111’7Lﬂﬂlwaﬂqﬁmﬂﬂmﬁuﬂ@lﬁu@uqu

&SURF ID="BURNER', HRRPUA=1000.0, /

=3 o ; a ya o v ' [
1P LIIANK ﬂﬁﬂTﬂUﬂ‘WHN’ﬂ‘VI@@ﬂW LRaZNIUe E]G]ﬂﬂﬁﬂﬁﬂﬂﬁ@ﬂ%lﬁixﬂu (heat release rates)

&SURF ID="WOOD' TEXTURE_MAP="woodgrain.jpg' TEXTURE_WIDTH=0.10
TEXTURE_HEIGHT=0.10

RGB=1.0,1.0,0.5

HEAT OF COMBUSTION=13000

TMPIGN=335
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C_P=2.85
DENSITY=640
KS =0.14

HEAT OF VAPORIZATION=5000/6

Y]

=2 o dy a @ Y 3 9 o a A AAa
F(FVHISIANK mimﬁuﬂwummmm@ﬂmﬂu”luuazmﬁuﬂmmqa UNN ﬁGUfJ\TJGIQ‘VIﬁﬂle‘I

' ) ¥ <
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&SURF ID ='CONCRETE' TEXTURE_ MAP='"concrete.jpg' TEXTURE WIDTH=0.50
TEXTURE_HEIGHT=0.50

FYI ="'Quintiere, Fire Behavior'

RGB = 0.66,0.66,0.66

C P=0.88

DENSITY =2100.

KS=1.0

DELTA =0.1/

° { a Y o Y g o a
Winedmssmuaiuivesidguoaswneldilu aeunia tazfvuannugs guvigil &

o Aa ] = 9 IS
6U’E'N’NI"[,)|‘I/Ii5]ﬂll‘ll\| AIMUUUULUUUDIADUNTA LA mmaauiummmmﬂu%

&SURF ID ='GYPSUM BOARD'
FYI ="Quintiere, Fire Behavior'
RGB =0.80,0.80,0.70

HRRPUA = 100.

RAMP Q='GB'

KS=0.48

C P=0.84

DENSITY= 1440.

DELTA =0.013

TMPIGN = 400. /

&RAMP ID='GB',T=0.0,F=0.0 /
&RAMP ID='GB', T=1.0,F=0.5/
&RAMP ID='GB', T=2.0,F=1.0/

&RAMP ID='GB', T=10.0,F=1.0/
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&RAMP ID="GB', T=20.0,F=0.0 /

&RAMP ID="GB', T=30.0,F=0.0 /

]
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e MmsmmuaiiuivesTag Iiiuglay uazimuannuge gungll fuesingias
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&SURF ID ='GLASS'

FYI ='Quintiere, Fire Behavior'
RGB =1.0,1.0,0.75

DELTA = 0.005

KS=0.76

C P=0.84

DENSITY = 2700.

BACKING ="EXPOSED'/

o { A v 9 IS o a
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&SURF ID='"SCREEN'

FYI = "Fleischmann and Chen, 100% acrylic'
C DELTA RHO=1.29

TMPIGN = 280.

DENSITY =40.0

RGB =0.53,0.38,0.00

BURN_AWAY =.TRUE.
BURNING RATE MAX =0.03

HEAT OF VAPORIZATION = 1500.

HEAT OF COMBUSTION = 30000. /

a

) g a Y Y Ia 4 09.: Y ..
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&BNDF QUANTITY='BURNING RATE/

&BNDF QUANTITY='HEAT FLUX"

&BNDF QUANTITY="PRESSURE_ COEFFICIENT/
&BNDF QUANTITY="WMPUAY/
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&BNDF QUANTITY="WCPUA"/

&BNDF QUANTITY=INCIDENT HEAT FLUX!
&BNDF QUANTITY="WALL TEMPERATURE/
&BNDF QUANTITY='"GAUGE _HEAT FLUX
&BNDF QUANTITY='CONVECTIVE FLUX

=2 A Yo ng 33| a A o Yya o Y o a
U0 L‘Wﬂllﬁﬂﬂiﬁﬁlﬁﬂﬂ"lﬂolu%u L‘IJu%uﬂ!ﬂﬂﬁﬂullagiﬁLﬂﬂﬂ@]i"lﬂTi!N"lllﬂiJ dulseans

ANUAY WAITUANNS OU QKR LazMINIANNSOU

&HEAT XYZ=1.8,1.8,3.19 RTI=132 ACTIVATION TEMPERATURE=74 LABEL='R1-C1"/
&HEAT XYZ=16.2,1.8,3.19 RTI=132 ACTIVATION_TEMPERATURE=74 LABEL='"R1-C2"/
&HEAT XYZ=30.6,1.8,3.19 RTI=132 ACTIVATION_TEMPERATURE=74 LABEL='"R1-C3"/
&HEAT XYZ=1.8,16.2,3.19 RTI=132 ACTIVATION_TEMPERATURE=74 LABEL='"R2-C1"/
&HEAT XYZ=16.2,16.2,3.19 RTI=132 ACTIVATION_TEMPERATURE=74 LABEL="R2-C2"/
&HEAT XYZ=30.6,16.2,3.19 RTI=132 ACTIVATION_TEMPERATURE=74 LABEL="R2-C3"/
&HEAT XYZ=1.8,30.6,3.19 RTI=132 ACTIVATION_TEMPERATURE=74 LABEL='"R3-C1"/
&HEAT XYZ=16.2,30.6,3.19 RTI=132 ACTIVATION_TEMPERATURE=74 LABEL="R3-C2"/
&HEAT XYZ=30.6,30.6,3.19 RTI=132 ACTIVATION TEMPERATURE=74 LABEL=R3-C3"
&HEAT XYZ=14.84,10.10,3.19 RTI=132 ACTIVATION_TEMPERATURE=74
LABEL=BURNER1"/

9
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o o 1 a 4 o
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&SLCF PBY=5.00 QUANTITY=TEMPERATURE"

&SLCF PBY=5.00 QUANTITY=RADIANT INTENSITY"/
&SLCF PBY=5.00 QUANTITY='MIXTURE FRACTION
&SLCF PBY=10.10 QUANTITY=TEMPERATURE
&SLCF PBY=10.10 QUANTITY='RADIANT INTENSITY"/
&SLCF PBY=10.10 QUANTITY='MIXTURE FRACTION"
&SLCF PBY=20.00 QUANTITY=TEMPERATURE/
&SLCF PBY=20.00 QUANTITY='RADIANT INTENSITY"/
&SLCF PBY=20.00 QUANTITY='MIXTURE_FRACTION"
&SLCF PBY=30.00 QUANTITY=TEMPERATURE
&SLCF PBY=30.00 QUANTITY='RADIANT INTENSITY"/

&SLCF PBY=30.00 QUANTITY='MIXTURE FRACTION"
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&PIPE PRESSURE=1.50/

Y
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&SPRK LABEL='SPRK1-1 Com' MAKE=K-11' XYZ=1.50,1.50,3.1/
&SPRK LABEL='SPRK1-2 Com' MAKE='K-11' XYZ=4.7,1.50,3.1/
&SPRK LABEL='SPRK1-3 Com' MAKE='K-11' XYZ=7.94,1.50,3.1/
&SPRK LABEL='SPRK1-4 Com' MAKE='K-11' XYZ=11.18,1.50,3.1/
&SPRK LABEL='SPRK1-5 Com' MAKE=K-11' XYZ=14.42,1.50,3.1/
&SPRK LABEL='SPRK1-6 Com' MAKE=K-11' XYZ=17.66,1.50,3.1/
&SPRK LABEL='SPRK1-7 Com' MAKE=K-11' XYZ=20.90,1.50,3.1/
&SPRK LABEL='SPRK1-8 Com' MAKE='K-11' XYZ=24.14,1.50,3.1/
&SPRK LABEL='SPRK1-9 Com' MAKE='K-11' XYZ=27.38,1.50,3.1/

&SPRK LABEL='SPRK1-10 Com' MAKE='K-11' XYZ=30.62,1.50,3.1/

o o 1 a 3 < v g’ [ a
WNTEJﬁ\‘]:ﬂ15ﬂ11’iuﬂﬁ1llﬁuqﬂWﬁﬁﬂ@NQﬂﬂﬁﬂ!ﬁ?ﬂi%Elﬂﬁllﬂﬂ‘]JLWﬁ\i

&THCP XYZ=14.90,10.15,3.19 QUANTITY=TEMPERATURE' LABEL="T1"/
&THCP XYZ=14.90,10.15,2.00 QUANTITY=TEMPERATURE' LABEL="T2"/
&THCP XYZ=17.00,10.15,3.19 QUANTITY=TEMPERATURE' LABEL="T3"/
&THCP XYZ=19.00,10.15,3.19 QUANTITY=TEMPERATURE' LABEL="T4"/

&THCP XYZ=21.00,10.15,3.19 QUANTITY=TEMPERATURE' LABEL="T5"/

&PL3D QUANTITIES="V-VELOCITY', 'U-VELOCITY', "'W-VELOCITY', 'HRRPUV',

'"TEMPERATURE' WRITE XYZ=.FALSE./

o Aan 4 < a { { o
Weda: msuaaswaluanyazaialuFownnuiuazgangineluiuimssiaes

&ISOF QUANTITY="DENSITY' VALUE(1)=200.00/
&ISOF QUANTITY="TEMPERATURE' VALUE(1)=100.00/
&ISOF QUANTITY='HRRPUV' VALUE(1)=100.00/

&ISOF QUANTITY='MIXTURE_FRACTION' VALUE(1)=100.00/
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&OBST XB=15.44,15.94,11.00,11.50,0.1,0.25,SURF_ID="BURNER' RGB=0.5,0.0,0.0/
&OBST XB=0.00,32.40,-0.020,0.00,0.00,3.20,SURF_ID='"GLASS' /WALL A

&OBST XB=-0.020,0.00,0.00,32.40,0.00,3.20,SURF _ID='"GLASS' /WALL B

&OBST XB=0.00,32.40,32.40,32.42,0.00,3.20,SURF ID='GLASS'/WALL C

&OBST XB=32.4,32.42,0.00,32.40,0.00,3.20,SURF ID='GLASS' /WALL D

&OBST XB=0.00,32.40,0.00,32.40,0.00,0.10,SURF_ID='CARPET' /CARPET

‘ﬁ'iﬂﬂﬁ\‘l:ﬂﬁﬁWT‘iuﬂﬁ%!ﬂL{\‘iWﬁiﬂi%%ﬂfﬂﬂﬁLL’ﬁ%‘WﬂJ

&OBST XB=4.93,5.03,0.00,5.09,0.00,3.20,SURF_ID="CONCRETE" A W1
&OBST XB=5.03,9.48,3.73,3.78,0.00,1.50,SURF_ID='SCREEN'/ A W2
&OBST XB=10.27,10.32,0.00,3.78,0.00,1.50,SURF_ID='"SCREEN'/ A W3
&OBST XB=7.23,7.28,3.78,7.37,0.00,1.50,SURF_ID='SCREEN'/ A W4

&OBST XB=0.00,5.82,5.14,5.24,0.00,3.20,SURF_ID='"CONCRETE'/ A W5

Pl
’Hﬂﬂﬁl’ﬁ\‘]: maﬁmuw‘iummwﬁaﬂauﬂdimmzﬁummi

&OBST XB=2.61,4.61,14.27,15.16,0.00,0.80,SURF_ID="WOOD'/ B Ol
&OBST XB=2.30,2.86,15.26,15.76,0.00,0.40,SURF_ID='CHAIR'/ B O2
&OBST XB=3.15,3.71,15.31,15.81,0.00,0.40,SURF_ID='CHAIR'/ B O3
&OBST XB=1.18,1.73,14.47,15.67,0.00,0.80,SURF_ID="WOOD'/ B 04
&OBST XB=0.13,0.93,13.90,16.15,0.00,1.00,SURF_ID='CHAIR'/ B O5
&OBST XB=0.99,2.28,16.15,16.95,0.00,1.50,SURF_ID='CHAIR'"/ B 06
&OBST XB=0.00,5.72,17.00,17.10,0.00,3.20,SURF_ID='"CONCRETE'/B W1
&OBST XB=4.25,4.28,17.10,19.77,0.00,1.50,SURF_ID='SCREEN'/B W2

&OBST XB=0.00,0.40,17.10,18.70,0.00,1.50,SURF_ID='STEEL CABINET'/B O7

=2 o o 1 @ A g Ia 4 1 3
wmam:mifm/iuﬂ@11!,muwmaﬁqmﬂwﬂmumammmamaiu%u

&OBST XB=11.70,20.39,14.20,14.45,0.00,3.20,SURF_ID='CONCRETE'/ WLI5

&OBST XB=11.70,20.39,17.65,17.90,0.00,3.20,SURF_ID='CONCRETE'/ WL16

&OBST XB=14.59,14.74,12.00,14.20,0.00,3.20,SURF_ID='CONCRETE'/ HOLE WELL LIFT 1
&OBST XB=17.28,17.43,12.00,14.20,0.00,3.20,SURF_ID='CONCRETE'/ HOLE WELL LIFT 2
&OBST XB=14.59,14.74,17.90,20.10,0.00,3.20,SURF_ID='CONCRETE'/ HOLE WELL LIFT 3

&OBST XB=17.28,17.43,17.90,20.10,0.00,3.20,SURF_ID='CONCRETE'/ HOLE WELL LIFT 4
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&OBST XB=11.70,20.39,14.20,14.45,0.00,3.20,SURF_ID='CONCRETE'/ WLI5
&OBST XB=11.70,20.39,17.65,17.90,0.00,3.20,SURF_ID='CONCRETE'/ WL16
&OBST XB=14.59,14.74,12.00,14.20,0.00,3.20,SURF ID='CONCRETE'/ HOLE WELL LIFT 1
&OBST XB=17.28,17.43,12.00,14.20,0.00,3.20,SURF_ID='CONCRETE'/ HOLE WELL LIFT 2
&OBST XB=14.59,14.74,17.90,20.10,0.00,3.20,SURF_ID='CONCRETE'/ HOLE WELL LIFT 3
&OBST XB=17.28,17.43,17.90,20.10,0.00,3.20,SURF_ID='CONCRETE'/ HOLE WELL LIFT 4

= o o ] dy ~ [ a 4
L VHIVIANK mﬁmﬁumummwummmﬁmmTmaﬂ‘n

&HOLE XB=4.93,5.03,4.09,4.99,0.00,2.50 / DOOR AW1
&HOLE XB=5.72,5.82,6.49,7.39,0.00,2.50 / DOOR AW6
&HOLE XB=4.72,5.62,17.00,17.10,0.00,2.50 / DOOR BW1
&HOLE XB=24.24,25.14,26.45,26.55,0.00,2.50 /DOOR DW8
&HOLE XB=27.14,28.04,26.45,26.55,0.00,2.50 /DOOR DW8
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walls 145
wall 5
1000

00

0100
100 100
100 0

/ zone 1
wall 5

03.03

3.033.03

3.031.36

10.76 1.36

10.76 0

wall 4

14.24 0

14.24 1.36

24.09 1.36

24.09 0

// goals section

goals 2

goal

goalLine 15.76 86.67 15.76 83.79
destination 14.39 85.61

goal

goalLine 83.79 18.03 88.33 18.03
destination 86.36 16.36
peopleBoxes 73

peopleBox //1



numPeople 1
size .75 .75
patience 6 10
speed 1.0 1.0
favGoal 1
waitTime 15 50
boundBox 18.12 3.93 18.12 3.93
peopleBox //2
numPeople 1
size .75 .75
patience 6 10
speed 1.0 1.0
favGoal 1
waitTime 16 50
boundBox 22.88 3.93 22.88 3.93
peopleBox //3
numPeople 1
size .75 .75
patience 6 10
speed 1.0 1.0
favGoal 1
waitTime 10 50

boundBox 34.4 4.23 34.4 4.23
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