FRAY TP oF A R
B 2 LER S ED X

PRIERF LR R

PERRE e E 127



096301070000G2035

ZZ'H

!

>~
Sy
pulll
R
[

PR L YR AL

vERRE I E 122



b
1
A
=
—
O
(\s.
SF
<~
W
i}
02
=
&
s
-y

\_.
H
w

fr & AnEe (1993R%F%) 2 844
$IH ERERRPF Lo 50
WTC%ii*f}ﬂﬁf%ﬁgﬁ—a;; ......... 57
5 - Tﬁgg.ﬂz:ﬁc.}, %Béﬁ_}ﬁ_’:\a%’ém ....... 57
FoH BB R S eeeeectccctiiiiiiinnns 57

3
In
s

N
N
el
(o)
H

:ifiﬂiﬁ_ﬂﬁlﬁllﬂ.} #'E”:‘ ooooooooooooooooo 67
L-j; 4.), Agtl A v g}t».l.-‘«‘\.}_l_ ....... 67
""‘: ‘:‘: ﬁi‘ﬁ; -ﬂz}i.&% ooooooooooooooooooooooo 68



R R NS B B L5 £ SUIIIIIERTI 92
T R HEFELT L eeecercerceccrcnciacans 99
SREEN-E 8. 355 STTTTITITITITITE 93
- & NFAPM B L RELE R F e 93
$o 6 ARSE RS RFHER L R0

S
4
i
".f'i
=
=

B
!

el
T
B

N I
O

p

—

iy



# &

Megie @I PV ERE TP o3 E2RP 011

- PR A

WTC ¥ i 2 prdeigf b ¢ B~ ol 3 2 (R 2 bl % A 5)
BREPE RS- A Y ML AR (s 2 WEHER 0 AT LB
mEOPLEE S RRTF ERETNR G B P ER O X I Y WA &
TREZAPMATFES - DA ERLELENT 30 A2k AP G H
PR RS WS R 5T L2 TEY WICERERT M Ak
g ey 2 B REAS L LAPR 0 Flpt NIST 8 26 3R E ¥
B o X MRRARFEEE (ICC) ~ FRA T B¢ (NFPA) {72
FRERF Rz RE AR Z 0T

ﬂﬂﬁﬁ$ﬁﬁi’ﬁﬁﬂ;%ﬂnﬁﬁ%ﬁaﬁiﬁ,ﬁgwpﬁ&

FREAPLRFERY R kB FERE DA RAaRE R
S 2T w<£ﬁm4w’ﬂ“**$§?%ﬁﬁiﬁﬁﬂﬁ
IR A CHAT 2 RRE BRG RFRALLL 2 FEHRT 4R
(75 2 WEEAT B A0 A T QWO 2 e R A LT
% 0 BT 2 A Bt WAt £ ARECS G P ke P g 2
MERRSFERRE] T IO R L FFUREE LT

Zy BRI EER
FLEBFTHELE R FRREEH IR o B 4
REZRMWICEF A REiEn 4 ~ AL TR YR EE 8 RS
HMEW FECRPBEWICEE? A B 75 2 @i PR320 G AR
WTC £ 2882 Mz A% 7 L2230 (4o IBC~NFPA) 5 3 B 2755 L o d
P H R LA B R R LR A ke d (5
FEMWDE L iFe BEER) FWERFERETWICE B2 A § 75
WHAFEMEF R EFR DL > IRESY

VIl



FRE PR B R @A RETTHFHE R

(__

(=

VI

C ERFR

YRBEZAFRE "7 FHih | 7oL R x>0

WTC ~ Bz Ak 8 "¢ Fagrsph |, > F 2001 # 9 * 11 p % =% sndgasf
AR 2 A R EFERL IS G K 0 2Ra NISTHL 459 - WIC 2
Bz 2R RGEMPETI 2R 140 A48 - TP ik o 3 HEns0is 4 &
FooHk TP PR HRABZAPEHELI X DRETF DGk
TR B - et fARBER AT R E 2R
L A FIRRE) o YA E A AR IR T R A Fa
e 4 0 BV FHAEF o f RERE DY PR R E Y
PR EFRAL

) ”f%ia%%ﬁ-ﬂ FRERTRET BEP (TH) Bl T SRy
Mk BT ERRT R RE

BN i - SO PR 2 2 T R B (D) e
PABESY ST F L HEREL Y911 F Y WTC 427 30
AR ERTIT BERS (L) BACER S P 0 P B BT
(7o e fr R AR g e P RP AR DR REH SR
DRPEAF DR REF (FARFESAL) > FTRHAERNL AL
%%’ﬁﬁﬁﬁéﬂ%%%ﬁﬁﬁw‘wﬁpﬁ*&%a~é*Lw%

m‘@%¢§¢’uﬁﬁﬁé%miﬁﬁﬁﬁ&ﬁ’iﬁ%Aﬁiio

Z) tedg ﬁ\%%‘ﬁ%i*%%iﬁ??ﬁo

KERENE FABE T 2L 80 FAPRBINBHAEAL L &

Z2EATT R 0 A - iR %E’%é‘.év’vﬁﬁ’ d 3 Efa ~ BEF|F LB

FEE N QISR G AR o A BT Bl L K5 0

fR% A g T 2 R ? e B PRE T AR

ﬁ(é%é“~lﬁ~§§\wfﬁkﬂﬁﬁﬁgiAﬁ>,nﬁ@g
iptE s BHEALY Y hE s E RN IR 0 2 AR R B

BEOTOIREAL ] AR AR ARRE L § R s
FR T SURCE RV IP TS A »%T%¢&Pﬁ§°ﬁ&ﬁﬁ@

B~ AR FR PP ROUE FRAGE A R LA B AR T R

&



BRI E 0 T OAE o REAR SR AR LR L RS L ¥
BATHY A2 A B F A REEARY 0 B H L LR EA

WEE AP ,F@!,ﬁ ’E‘i g o

(2) ZAF2RFTAAT2 BLERIEZLZAPD VERAIR AL
W EFIITR -
WTC * 5 1993 & R F o2 = 1 - 3¢>m4ﬁg~m i
sk s ARAEFEAZ I MY EFR ‘ﬁ%ﬁﬁ%%@
%?Wm%~T$#<&mWaﬁ“4ﬁ< R St B R E
Hist 2001 &2 911 F ¢ » jF DI 7 A i @mgjgi
HFFEH R TRT (X2 PIVRP LY R) o LR
.E%\ﬁﬁ$@%%§%ﬁﬁi’L“WUgﬂm3ﬁLﬁ7 EﬁWW
FRAIRFLT Horee ARIEEZASFF VERFIR S § 10 #E 3
FlRE WTC ~ iz < [ & > > 3 %wb¥¢éﬂ#gmdw
o R Z AP Y S ER AR RS TR R A L
ZogidcHa P K WTC 2 91l R P EEHAFHELEE S R
PZR PP EEE ARE A BRRE W VE R R 0 G 7
P27

o

(I)MEAF L FETEPF B 1R EL AP FERR R
FEE o RAIZAT IR L A% ZAR -
WTC % #82 R 7 it ge9rF a feent o e AﬁLT
‘%4‘ﬁﬁ*ﬁuﬁymxf’ﬂm_i?§ﬂﬁ’
N 0G40 8 R ERR R (D ER

EE - A o F XN IR AR ALK R T‘u)@%/(ﬁépf‘

BEGIENBRAR 2V R LR LR B E R L 2 |

R L CRHEO R A ERSHRAE YRS R B 8

&0
A=
&
g
il
=
.
il

4

4

’}g 2 17 $/ - ‘—" ml*‘JE}@ﬁilb [ i; §§4 f)j o rﬂ AP 'g‘g? _1 ﬁE_EFF"J\J}'i’
?%iﬂ@@%&ﬁﬁ}ié 7?|jﬁifﬁi&f;’_}§l¥§g—ém ’gﬂ%??f%},@;%
ﬁ —/é'l: ) i)"a7 /‘y}é’%ﬁ%j{—f—yﬁv ﬁf{_{z 3’>_.'1 I‘E‘q\ m,r_:r_ SV tif:ro

(F)FIFSIE WTC < e 4 Ragrspad 4 % 2152 s ingg iRy -

IX



FRE PR B R @A RETTHFHE R

WTC + #5]5 @887 FEMocFL 5% # 21993 & 5ed 4 A
W 4 X 2eh- 02 > A 911 F B¢ K RHA Fau it
PEHEPRE ER L R o B¢ 232 (1) kT A AR
BArm @i v T s BFAPET A BB L RIIEER; (2) %
DPRM bR E Y TR TR METFHEAL LED WA 7 %5 (3)
% p 4% k% 4L (photoluminescent paint) 44 fF p 3% £ i ++ ~ #
B FEHR RAIH R RTSRP O TR TARE 2 A Z BT

D (4) BEMMEBEA L G AR A R 1LY R o 1 395 5
ﬂ‘ﬁﬁﬁﬂiiﬁ%ﬁ?’ikﬁﬁ’*T“ SLPE A A AR R
RERA RPN E 2F o oo & RALT H 4
5k NG EAEF SRR AL 0 2 F FIN R B g
Wirehh Mg (T EY BN BA Y o bldofe s 25 B 24
P2 VERFEREATRRT L MR 4B 5 Y E R
FVRARLEA -

E\\‘Eg " Z_ ha

2o~ A RIZFRER

& -
EPEEERRARERAF PABRITRET AT
APEHSM P Y S

BRI R N oIt AAT g e

FHEOHA c STV UREY FEAERTF KEF AR 4
WEL > m R P TE RTFAAMAY 0 T SN RN T
(96.11.15. 5 p '“'—?— % 0960806979 % % éﬁf? E FEspk 2 X E R

J) ’Lipi/j}r‘?%wp\gmaﬂxi 'H}F Llﬁa#"}‘f j‘i iﬁgwo

ERP B REALEER AT o o it RS RS LS FIEE 2D
#
Fr AT

T3
g‘\é

PEHER BN UEROLIE IR E e MR RHIFA -
I PES R N Rt BT T T

X



&

B E P rRE 2 E ¥
THAERMASRE S RMBIATERY R0 - MAMR ARG RE
[ S A7 L > MFEIRETE O B2 e B o TP 18 I B
SRR R R I R R R
PRL GEAREE AT

4

P
7
f&
3

y\‘:‘
T

i+
?E

JPEEEE P f’z%fsé:%fuﬂ;gwr

[ESaad I i

R TR Eﬁ’ﬁﬂ FLERRDERFRLG > WREZ LA 0T
BH e RIHARARE A LZTAEE HEFREL G F2 o 430 B R
A A A 911 WTC X T 2 <R A BB gL LR E A L
,J“Elr'l"'_‘ﬂ,{lm_g: AL @ g g ?L"‘;E.iho

Xl



FREFY cF B4 R@HE L EETIHEHE R

Xl



ABSTRACT

Keywords : Building evacuation, Fire safety, World Trade Center
(WTC), High-rise building, Nine-one-one(911)
disaster

Since September 11, 2001 the World Trade Center (WTC) disaster has
occurred for more than six years. During the past years, the Building Performance
Study Team, organized by FEMA (Federal Emergency Management Agency) and
ASCE (American Society of Civic Engineering) has determined the probable
failure mechanism and to identify areas of future investigation in May 2002. Later
on, the National Institute of Standard and Technology (NIST) has been assigned
to investigate the building construction and fire safety of the WTC disaster under
the authority of the National Construction Safety Team Act. Accordingly, the
final report of WTC disaster issued by NIST showed five major findings relating
to building evacuation also have the influence on all the tall buildings.

In Taiwan so many high-rise buildings in city, especially the Taipei 101
Finance Building is famous for the highest floor in the world. Although the tall
buildings were designed following the requirements of building regulation of
Taiwan, however the designs about the tall building evacuation safety were still
needed to be improved. As compared with WTC case, several issues seem needed
to review again. For example, if the regulation and standards are satisfactory? If
the original evacuation designs including facility and equipments are still feasible?
How to evacuate the mass of people in case of major disaster? Do the procedures
work out? Should how to investigate and establish the data after the disaster?

In this study, the reports and papers related to WTC disaster, mainly from

NIST, were collected for analysis on the relationship between the

human behavior and evacuation during fire. The Taiwanese and foreign
regulations on tall building evacuation were also to be compared to see if any

improvement should be amended for Taiwanese regulations.

X1l
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There were several findings can be summarized as follows:
The “medial evacuation floor” has the great efforts on enhancing the people’s
safety of evacuation in case of fire.
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.
The education and training about major disasters should be strengthened for
emergency responders.
The Fire Safety Management Scheme of tall building should be completely
carried out for ensure the life safety of fully-occupied building.
During the major disasters, there should be professional engineers to assist the
analysis on risks and judgment of dangerous scenarios to protect the
emergency responders.
Several improving measures used in WTC were recommended for affluent
evacuation design: (1) the signs for transfer hallway, (2)the multiple electricity
power source for using in stairwells and the exit sign of LED for extra
brightness and visibility, (3) the application of photoluminescent paint on
handrails, stair treads and stair centerlines in stairwells, (4) the specially

designed chair for evacuees for disable and injured people.
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% 2-2 WTC1z WTC2 AP Tas B

Lobby (Concourse) Level Layout Mezzanine (Plaza) Level Layout
Only Stairwell B Serviced the Concourse Level . Only Stairwell B Serviced the Concourse Level

Floors 9 ? 19 Floors 20 ? 26
Stairwells A was East in WTC 1, North in WTC 2. Core space previously used by the elevators in the northeast

quadrant became leasable tenant space.

Floors 27 - 34 Floors 35 - 41
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Floor 42 Floors 43,45 7 47
Stairs A and C transferred outside the core. There was an escalator connecting floors 43-44 (skylobby).

Floor 44 (Skylobby) _ Floor 48
Stairs A and C transferred back inside the core.
- |
*}
[
!
|
1
Floors 49 ? 54 Floors 55 - 56
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Floors 57 ? 75 Floor 76
There was a slight change in Stairs A, C between floors 66-68. Stairs A, B, and C transferred, with Stairwells A and C moved

s o outside the core.

Floors 77,79, 80, 81 Floor 78
- There was an escalator connecting floors 77-78 (skylobby). )
Floor 82 Floors 83 - 95

Stairs A and C transferred back inside the core.
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Floors 96 - 102 Floors 103 ? 104

Floors 105 - 106 Floor 107
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Figure 10-5. Model of evacuation delay.
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