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ABSTRACT

Keywords Occupant evacuation, High-rise building, Computer
simulation, Taipei 101 Tower Building, World Trade
Center (WTC)

In this study, the computer simulation software, buildingEXODUS was
applied and expected to simulate the occupant behaviors during evacuation in
high-rise building to explore the feasibility that the simulation provides as an
alternative for the practice of fire drill of building. To investigate if the result is
correct, the best model building in Taiwan—Taipei 101 Tower Building was
selected for studying. In the process of validation the optimal parameters
relating to evacuation, e.g. the composition of occupant and its ratio were
chosen to provide for reference of the general building cases.

There were several findings can be summarized as follows:

1. Based on the literature review, the approved proposals of IBC on an
additional (third) stairway and an increase of 50% in the width of exit
stairway are recommended to adopt in Taiwan.

2. Application of elevator for evacuation in case of emergency was one of
alternative solution for tall building; however the application manner should
be required in regulations and codes of practice.

3. The Fire Safety Management Scheme of tall building should be completely
carried out for ensure the life safety of fully-occupied building.

4. The occupant evacuation safety in high (or ultra-high-)-rise building is
dependent on the egress facilities, management manner, and the behavior
of occupant. In this study, the conditions for simulation were based on the
assumption that people move in the safe stairway in an assigned manner,
therefore the simulated evacuation time is less than the accurate time in
real fire accident. However the simulated evacuation time is useful for
comparison between different conditions, and also can be provided for
reference of fire protection plan.

5. According to the total evacuation simulations (scenario 1-6), the cases that
assigning the exit showed the less evacuation time by 22-30 min. This also
indicate that in the case of disaster needed to evacuate the total occupant,
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the fire commend center could guide the evacuation through the
assignment of exit.

. According to the evacuation simulations that the occupant moved from high
storey (scenario 7-8), the middle safe refuge floor can swiftly provide the
evacuation safety zone. It not only reduce the people to suffer the scare
while evacuation, but also save the loading of physical capacity.

. According to the evacuation simulations that the occupant moved from
middle storey (scenario 9-11), the phase evacuation showed an efficient
strategy to quickly remove occupants. It can be used as an emergent
management measure in operation management of high-rise building.
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O
3-6 101
(m/sec %
F. L. ( m)
(Kow) | (m/miny 2 (5 *ox o)
(N)
10/ 1 2 M4 5
-~ * * *
PE1~PE4 1350 | | 150 | 11 g je jg o |14 | 1124 (215726
10/ 1 2 M4 5
~ * * *
PE5~PES8 1350 || 360 11 |75 o) o7 gp |14 | 1124 [21.5:26
10/ =
PE9~PE12 1350 150 | 1.1 |32 36 37=4l 1 45 | 1 1w4 |2*15%2.6
10 43~48
_ 107/ -
PE136 PELl 4 | 1350 210 | 1.1 |32 36 477491 45 | 11%2.4 |2*15%2.6
10 51~57
PE17 1350 [10| 105 | 1.1 |30~33 35 5 | 1.1*2.4 |2*1.5%2.6
PE18
_ 107 -
PE19~PE2 1350 150 | 1.1 |29 60 61=66 | 15 | 1 1s04 |2+15%26
2 \o 67~72
PE23 10/ 59 60 71~73 . e
iyl 1350 | 210 | 11 o0 g gaTgy |14 | L1124 (215726
o 59 60 71~73
PE24
hyandl 1350 210 | 1.1 |75~81 83~85 | 17 | 1.1*2.4 |2*1.5%2.6
10 86 88
* *
PE27 1600 |16| 210 | 1.1 |59 85 86 88 4 | 1.1*2.4 §é5 1.625
20/ 1 2 M4 5 * *
SL28~SL32| 5 | 2040 300 | 1.1 6 | 1.325%2.4 |2-1571.88%2.
20 35 36 6
sL33-5L37) 5 | 2040 |2 480 | 1.1 |1 2 M4 5 | o | aonepy 21571882,
20 + |35 36 88 89 : 416
1010(
OB38 ) BlL 1 4 5 85 . 2.025%1.7*2.
oo 1600 | 16 11 |gs 88 80 8 1224 |¢
600(
SE40 BS-B1 1-2 1.4%2.75/1.4| 1.75%2.25*3
ceal 2040 [20| 480 | 1.1 |4~7  9~17 o1 oy Bsm 65
19~25 27~30 '
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(m/sec

F. L. * m)
(Kgw) (m/min) 2) ( ) * % m)
(N)
B2-B1 1-2 1.7%2.45*3.6
SE42 4800 | - | 480 | 1.1 |4~7  9-17 | 86 | 1324 [p 724
19~25 27-88
PE43 1150 | - | 105 | 1.1 | 93-101 9 | 0921 |1.6*1.5%2.3
N B5-B1 4( ) T o
PE446 PE4| 3 11600 - | 120 | 1.1 11 | 1.1%2.4 615'86 1.6872.
1235 6()
PE47~PE4 B5~B1 4( ) . 1.86*1.68*2.
5 1600 | - | 120 | 11 |7 g ol | 1| L1724 |G
PE5°1‘PE5 1800 | - | 120 | 1.1 |B5-B1 1-5 10 | 1.1*2.4 |2.15%1.6*2.5
PE523‘PE5 1800 | - | 120 | 1.1 |B5~B1 1-5 10 | 1.1*2.4 |2.15%1.6*2.5
SE54 B2( ) P 1.725%2.45¢%
o 2040 | - | 60 | 1.1 T 7 | 120275 |1 02
B2-B1
FE56 3000| - | 60 | 1.1 7 | 2424 | 2.4*5.3%2.4
2~5( ) 1( )
* *
SE57 2040 | - | 60 | 1.1 |B2~B1 1-6 8 | 1.2¢42.75 é;f 2.45
PE58 1150 | - | 45 | 1.1 |B1( ) 1( ) 2 | 1.1*2.1 |1.8*1.5%2.3
PE63 1000 | - | 60 | 1.1 |89 90-93 5 | 09%2.1 |1.6*1.5%2.3
SE64 B2( ) £ 1.725%2.45*
e 2040 - | 60 | 11 |t 6 | 12275 |12
101
3-8
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Modeling

NIST NCSTAR 1-7 Appendix D: Egress
ODPM FRTR 6/2005 Collection and Analysis od

Human Behaviour Data Appearing in the Mass Media Evacuation of

the World Trade Centre WTC
4-1 NIST 6
(
)
5
1
(
( 2001 9 11 )
110
4-1 WTC
()
Simulex ||
1 600 EXODUS
g-1f EXIT89
|
EXODUS
2 19,800 | o 1, 208N
Exopus ™
3 25,000 | .10 xo0us |°
4 8,800 EXODUS ® 2001.9.11
’ 0-10 EXIT89 |g
[ |
o 90
>a 7,200 |6-30 EXODUS | 00
[ |
WTC
5b |1 16,000 | 6-30 EXODUS |m 0
u 90
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217 =
(77 n 76
6a 7,400 ) 6-30 | FXODUS
( -
76 )
6b |, WTC 19,800 ELVAC |14
|
2-17 m 16
WTC (77 107
6c |2 17,260 | ) 6-30| EXODUS
( m 17 72
76 )
77
1
3
Simulex EXIT89  buildingEXODUS
4-2 3
3.5-4 600
0 10
11 11.5
600
4-2 WTC
S
0-10
Simulex  |60% 240 690
40%
5% 17-29
38% 30-50
o 21% 51-80
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