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ABSTRACT

Using elevators for emergency evacuation has been a controversial topic during
the past few years. Generally, elevators are not allowed to be used in the event of
a fire or emergency situations all around the world. However elevators assisted
emergency evacuation procedures are considered and some of the plans are
developed and accepted by the building management and local authorities after 9/11
WTC tragedy.

The aim of this study is to quantify the benefit of elevator assisted emergency
evacuation based on an actual super high-rise building design.
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dzHolEl S o] &3 I Fe A5 HFAA(Performance based design)d 3 H-E
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Total emergency evacuation Staged gency Fractional gency
means that the totat building eans that a part of the building means that only a very smali
lation i d fation is i diatel group or fraction of the building
p is d, d

immediately.

evacuated .

Figure 1. Generic Emergency Types

2.1 A ¥4 I (Total Emergency Evacuation)
A A v As Y (Total Emergency Evacuation)e ZE9 HAA AFAEo] AEZHE
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2.2 @A4% uAsYd (Staged Emergency Evacuation)

G A2 v A9 (Staged Emergency Evacuation) & ZE¢ dREY AFze my
TE AdF Agoge oL EFog = nAddde diolt dukHel Ay
71e A 918 Sol o] 59 7tsg Al Lol

2.3 287 v Ayd (Fractional Emergency Evacuation)
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ditd oz zuF AEAM deiviojE e FE= UWH(Standard), 7 3H(Enhanced)
18] 3 w3 (Protected) dajwjolE A 7M1 2 &5 & 5 9t}

3.1 dut defujo]H (Standard Elevator)

gyt davolE & 2|7} Z4FolA AEH Y owd BT ey A dTEoe]
Hol A & devloly 2ulE EFstT Je FHolth o] T2 Uyt A o]E
 713eldely HA 53 22 dEvog Alxdd oud AFE U vIEA Al
U] eol Ao A% ALgEHo] A 4 ) Ayt dEvlojE = AddYd T AE y
Adlgute] Bgde] o3 AsFoZ vA gy o] 8" 4 9t}

3.2 73 de Hole (Enhanced Elevator)

723t dejdolE = At dEjvo)E 9t FASEAIRE A5 dEwolE AlxdEd 732
(Hoistway)9] tlz}lolA Zsle FEE 7143 o). 723k dauole& =u| 7t W)
& ¥ Aldgoez FIH o xaF ALY AER I (Stack effect)$t A7)
9] A F¥(Natural Buoyancy)dl 21§ duloly $ZZE T 79 olsc] &
guo)y Alx®e] i3t dEAHQ A &4 PAolr] Wi Zule] g #g
9 Fgol g7HT} o] 3t dulolE = A EE vEA AU BT H
S-ol Alg-=Eo] F F Aot 3 dEjdlolEe € 2 V] ANE FEAstz, E=5 v
A B9 dAo| Wedly, SRE ZEE 7|5 H BUHY A2d oA B
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Standard elevator Enhanced elevator

1. Elevator car in standard hoistway 1. Hoistway improved with sensors.

2. Unenclosed elevator fobby heat and water resistance of
electrical components.

2. Lobby provided with smoke stop
doors,

Protected elevator
. Pressurized elevator car
in a hoistway improved
with sensors, heat and
water resistant electrical
components, pressurization
and blast resistant walis.
2. Lobby provided with two-hour
rated fire doors,
3. fire pressurization shaft and
direct access to
4. emergency stairs within
a separate fire and blast
protected compartment.
5. Standpipe and hoseracks
would be in the obby.

r RATNG

Figure 2. Three Basic Elevator Design Approach

3.3 W35 Aoy (Protected Elevator)

w3 duolHe e AFLL2RE BIY £ 9l F71HY BHifFdo] A
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Ad Fo B dvelHE HXdn AL AFS /AR Y. M ZF 4y
2 w3 deole 9 JMEdL ‘FH FIEU)Y dHole] 71F EN81-720| ¢}

Auolg 371 X2 7IgHe] REasEa Hae g AYo ¥ F &
T22 ol I} 7+F A F&y BE AUAH Aade Uy R YIdFERE Ho
th Aol 2HlE ZE AF ¥ J1A 2 A 53 HA 22X o3 W
7z E FY5Hojof ittt ZulE FE2F Fo| Frsojof dn, YRGS EHo
2% FHASA BxAdu] @ v)dA] Aol AxEHo] glojor g} wE A Holy
E duk AVAAL Yelx FEI HATAAL 9 FFEH A F glojor gtk A
Zuolg] 7|AE L W3 H oL 1 AT 23N 7 DX Holok gt}

34 3 dguolg AxH™

oA AFFPSo] w3z Aol e BE AJH, 71AH, AAKR, ¢k, T4 Ay
= 34, 29 A 2 A Qs A E 1 %S 2828 23 £ Jde AEe A
& ztZojof st duolEH e H74=2 Zu| Z1AA FAAY FHAZA AdE A
gl o9 duolErt AFoez EIFHE 1 oA Aoy 2 Z(Phase 1
Elevator Recall)® Addldolu} v do]-&ute] v datsg A3 2 A deldoH
22 (Phase II Elevator Operation) =% S75Ho] 2tk WAjAE o= dguo]lg &
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TUHY stz F5 S AT § dx Aojulte] MXHolor stn AHEH IAFR, A
4, 7ibAdule Al 2 Aol agln Aol e AF, FE5A A sheEof gt

d ol FFL AT 100%9] H]FHdo]l FHlE o] ojof gttt dWrH oz HE
o] A AIFAE mHste 17242 o] £ udAYS U9 g )
duoly 2uldE AFIHALALY, 24ddE FAFY G AFAE M|, &
AN e ZAE 94T CCTV Au7l AF=ojof gt} o] & AHul: HAd9yd
Al AbEE s deHolE $747] A E FA] A FE o gt

AA7A dewolE e F£8Ad i FAY FHL AAA JA &k 4 A9
2 AN F£& FAAGL FHdYvole = ‘EN81-72'9 A 630kg, ©lF9
‘ADA’E 950kg o4, A 3nl 7|FEdAE 1000kg ol o2 FAE gl

4. Aoy It Ao} A4k

B Zoxe AA 21%F AE AFAHEEA AdA DS o8¢ A A
HolEl & 37 o] &3 At HE AL Fsle dEuolE] Fdel HaAdd o
A ol2H oz AE L nFsruzx 3

awtd oz dEwole FHdANE Adsts e AA F A Uk A AAE
tEo FADE o8 Al A

1, =t,,+t0+(1+'7 >,
=

te : I A7

try - dejWlole RTT (Round-Trip Travel Time)
t. - dEWlolgy I AR A 7H

to © AT ZHjol A Q{29 o]F(Travel) At
] Aoy

n: Aoy && AT

FHAE AFH g AEHolA REE o] &3 A4 wWo] Uk B AFdAE
A AEH oS o]&sle FIAZES ANSAT FEAEHCA mdL um
‘Rolf Jensen&Assomates (RJAY A7} 3t ‘PathFinder' 2 AH-&& 1 th ‘PathFinder' &
"2 ‘Society of Fire Protection Engineers(SFPE)'¢] A= X9 ‘hydraulic flow’
TAd gk H A3} g A Bl Rdolt}, o2 AJEFHolA oty FAEL A
-7"1}94 T, 58 3R 59 84E Ziweg A u A 3o F3 Hd AE

-

°°‘? HAddl HELS FHAA {133541 AE 11239 LYol o] B9 g+,
By, 3d/F 71 %91 E5gEEe 2 ‘%EH dae BEEAAd AFEA 2 Ho
o 11229 AE Folo We A 544 Au Al Ao hFe AW
o A <] 713' 7H“‘°i S3 vk T@ oldF MAWSHANAE AxHe Fys
o EdIdAS ogat g 4o Ao 5 dw FAN AASH 1 4,
2ol AFA B AIARE Estol ARE L= AE ‘Area of Refuge'® tf stz
A& 9ulgtt), ‘Area of Refuge'd] E&S AFAEL AWUYd & AEYR &4
g u gk A utg Bgzoze Iug A%sAY g 5 Ao AE



BE AR dEY 15 43, 75, 107F] AX& 'Area of Refuge’'Z #Fdt}. 'Area
of Refuge': 241%te] }8k7x2 7Hsol Yu 7PN ol AAHe] drle #F
cz¥d AU 139 + U= TR Jolgch

2 AFME 1 2AY, A4 WA 3B g Agdelae AAsH
Agdol A A eE Bl Frhx ol

® Scenario T-1/ Base Condition -~ AF & SEIHIAGTHE o] &3t FJydFoz
oy sty L gols 27029 S dAge] AFse]
OScenario T-2/ Alternate Condition - 4% AFAE SHIAIATE 5o FHd
o2 Yy YHx AFAEL ‘Area of Refuge'® I ¥ Il§':°ﬂ*1 H| 4o
°‘3P°ﬂ o3 P dvolHE o &3l HdFoz olFdd. F 20719 ¥
w8 dajdolejrt Algso] it

AFA9 & 'International Building Code’®] £=¥ WA g AFz —1—3559}
Z+39 AA LH AREAI el kst ARSI AT 'L'ERY F AFA FE 21,209
Boz 7Hgs A

4.1 A8l T-1: AdAG 2744
ZF 21,209 B9 I AEHo|AE AAEAT wd AlEH ool ARHA AFA
= M ke Al e AR AdS Falo UM Ayg e T 14 Ade

o}2-9 Table 13 2t} F ydA|zto] 19722 3A7HE 29SS ¢ F+ Uk
Table 1.
Scenario T-1 / Base Condition PathFinder Results
Number: of Occ:upants Evacuation S'lr.nulation Time Average Flow Rate
Using Stairs (min:sec)
21,209 197:16 107.9 persons/min

Total Emergency Evacuation
Scenario T-1 Two Exit Stairs
Scenario T-2 | Two Exit Stairs
and
Twenty Express
Elevators

Figure 3. Two Scenarios for Elevator Assisted Evacuation
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Figure 4. PathFinder Egress Modeling/Exit Stairs

42 AU e T-2: s A 27049 20719 53 desold

AUE e T-13 £ £ 21,209 99 I AlgEHelAd Ae A4 4
Ho|El & o] &3 I JGAIHE AHAsY] i 4 duole e HusEQYn 45
o] A7t Round-Trip Travel Time(RTT)9 4ol HQ i}, thL-2 Table 2= 9
guole AMEES A5 7|23 AAE RTTS HuFL&ALEs YeE L it

Table 2.
Elevator Description No. of Qars RTT | Total Number of | Average Flow
Operating | (sec) Occupants Rate
0OBX-1,2 Ob-Deck 2 cars 1069 | 54 (27 per Car) | 30.3 persons/min
Express
HX-1,23456 6 cars 1099 | 198 (33 per Car) [108.1 persons/min
Hotel Express
0X-B1,2,3,4,5,6 6 cars 91.1 198 (33 per Car) |130.4 persons/min
Office Group B Express
0X-Al1,2,3456 6 cars 769 198 (33 per Car) |154.5 persons/min
Office Group A Express
Total:|423.3 persons/min

A4LE Flow rateg A Alyale T-29 & AGdAIZHE o3 Zo] A4 9 4
% & AUrh
Stair Flow Rate + Combined Elevator Flow Rate = Total Flow Rate
107.9 persons/min + 423.3 persons/min= 531.2 persons/min
Total Number of Occupants/Total Flow Rate = Total Evacuation time
21,209 occupants/531.2 persons/min = 40 minutes

Flow rate®] wjast A4td FdAztE FA dHOIHE ol &stA He UL
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%8 thgel Table 3¢ $otel A4E 4 k.

Table 30149 o] 1693292 AZA7 AelulolE1 o] §3kn 42778 0] T A
2 olg@the 744 Sl A PathFinder AlEelol4g AT 1 Ao Table
45t o,

Table 3.
Calculated Iglé?ube;n tOS f
Elevator Description Average Flow Rate | Evacuation P
. . Evacuated by
Time (min)
Elevators
OBX—1,2 Ob—Deck Express{ 30.3 persons/min 40 1,212
HX-1,2,3,4,5,6 .
Hotel Express 108.1persons/min 40 4,324
0X-B1,2,3,4,5,6 .
Office Group B Express 130.4 persons/min 40 5,216
0X—-A1,2,3,4,5,6 .
Office Group A Express 154.5 persons/min 40 6,180
Total’ 16,932
Table 4.
Scenario T-2 / 11 Elevators - 2 Ob-Deck Express, 6 Hotel Express and
12 Office Express Elevators
Number of | Number of Evacuation
Occupants Occupants Simulation {(min:sec) Average Flow Rate
Using Stairs| Using Elv. Time
4,277 16,932 . .
Total 21.200 65:46 94.1 persons/min

43 ¢ AN EHH A

2z o] mdA|EHold At thg9 Table 591 Lo} Aot g Al A uo]
HE &4 ol&std oF 67%2 At @& 7T 5 Aok =3 A GRS o) &
Al S AR 2 ~3AF Wit ks 1 g A ghe] 3AHE 23 AFzL
9 9¥Ee 2U¥ = vz AdAY 99 AT = Flow Rate, & H| &9 Fol&
H R EXNE 7ivto g 3t glty. =3 Path Finder 22 AFAY] &2 7]
T Rdol7] ujFo vFA] Qzte] PFRigle] Ui FFL Hdo| ErHE T
P 2ol @457 QHHS(A Factor of Safety)S 73 td AlE#olAd 4]
ta ztel7h g & Aok 2y ddiolHE o 43 IHduiHe oj¥dx dg
9 d A5de & F Aok

ox N O (T o
o 2 T glo (o
e

Table 5.
umber of lat P t t
Scenario vacc%la%gt?)y Evaglllmttlloa “Fime | © “Base Co t}81r11 in
levators min Evacuatlon Time
T-1 / Base Condition 0 197:16 -
T-2 / Alternate Condition 16,932 65:46 67%
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