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Busakorn Saensookh 2010: Means of Egress Analysis and Evacuation Time
Calculation by Using Hydraulic Analogy for the New Mechanical Engineering
Building, Kasetsart University. Master of Engineering (Fire Protection Engineering),
Major Field: Fire Protection Engineering, Interdisciplinary Graduate Program.

Thesis Advisor: Assistant Professor Nathasak Boonmee, Ph.D. 165 pages.

This research performs means of egress analysis and calculates an evacuation time for
the new 6-story Mechanical Engineering Building, Kasetsart University by hydraulic analogy
method. The analysis follows the building control act B.E. 2522 of Thailand and the NFPA 101
Life Safety Code Edition 2006. The study considers major factors that effect building fire
evacuation including: occupant load, number of exits, travel distance, common path of travel,

effective widths of means of egress components, and building fire compartment.

The study found that the building evacuation time is approximately 9 minutes if use the
appropriated egress routes suggesting in this research. The results from this study can use as a

database to improve the building fire egress system.
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- dwmsueimsivzneaselmi szezanugeveadunimil Wdes ludesni
9 v Y v
2,285 HaamA3(90 17) TagTanuiuIAIINTZAUAIUUEAYONY (Finished Floor) Tunsaifiil
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2,030 Haawas (80 1)

Y '
- sgauanugaluiiulades lidiesndt 2,030 Tadwas (80 17) Iagdaluiulas

o ) A ~
mﬂimmawuuuﬂﬂmuaaﬂmmﬂmm
a a 9 = 3 .
4. Amauauludunanii li (Walking Surfaces in the Means of Egress)

a a F)) = 9 ~ = v A 1 [ a Aa A
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WNANMIANHIUIMALAZITNMIAMUIUIZEZIAIUNTONEN

$1984991n117980 John H. Klote and James A. Mike, Principle of Smoke Management,
Chapter 4 Evacuation Analysis, page 51 na11 13 mguinldlumsdimszeznarlums

= ax o dy
DWYNDDNVINDIAIT U 3 1D AU

[ v o
1. Bmpirical Correlations [Tumsad wwaumsanuduiusnndeyain ldonmsnaass

9 o 3 1 09.1’ Y v o J
G]ff]iJf]WﬂWiuf]’lﬂ1ﬁf:[¢]ﬂ’lu')u 50 M99 Glummaqeizwaw 8 5\‘1 15 ¥U Iﬂﬂllﬂﬂj'lﬂﬁilwu‘]i

k4

< @
2 aumg 11 uaums Nonlinear regressive analysis 481% Linear regressive analysis 119 2 U197

Y v W A
ﬂgﬂaqﬂﬂu@\‘lllﬁﬂ\‘liuﬂ'w\lﬂ 1

quNg Nonlinear regressive analysis

0.73

T=0.68 + C, (P/w) 3)
quNI Linear regressive analysis
T=2.0+C2(Pw) (4)

=
7=na1lumsenen (W)
P=3mnuaunldiule @u)
Y  Aq Y A a @
w=anundanlylumsutiasaveaiiula (uag)
C,= AN, 0.081

C, = a1AaN, 0.012
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Population per Effective Width (pfm)
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Population per Efective Width (p/ft)

4 v o d
MNA 11 LAAIANUTUNUT nonlinear regressive analysis Ul81% linear regressive analysis
#1301 John and James (n.d.)
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2. Hydraulic Analogy 1Hums$1aeuumsnasunuesny laoAsauuagiumsinaoun
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vosnulSsuailoumanaounuedved lva Negluims Ivaru dJoundu lduazdlums
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waouinngaisudullsuisgaildesesnodsaeriion lumsindelamenisa 2 dlums
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ATHIUISYSLIATNITDONIN “Nilzllﬂ@‘ﬁ'UWIﬂﬂazL@ﬂﬂ@@llﬂ

Iq ¥ o A M Y o a 7 a
3. ﬂ1§ﬂi$§ﬂ@1%¢ﬂﬂ1’iﬁﬂﬂ1i Hydrauhc Analogy Lm1@W@Ju1ﬂ153lﬂi1$ﬁﬂﬁ$mﬂ@
4%’ Yy o v A 1 a L
UINVU I@ElvlﬂiJﬂ'l‘i‘Lﬂ:ﬂﬂi]EJ‘V]iJWﬁ@]flﬂ'ﬁ@’wElW!LaZWQG]ﬂiillﬂWiEJWEJW"UENﬂullﬂ,"HGluﬂ1i
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a J o A .
mMsansizruuImMelumsmuiaszezna lunmsenen lagdsnsuuy Hydraulic

Analogy
a d as . o’.:’ a '
MIUATIERIZEIN TUNTONEN M117T Hydraulic Analogy 3AI@UUAFINI
a : { g @
auaum llaudunariisaudsdatensiiiuyailasans (Point of Safety) 150 neuen
1o R =K a A

91713 Tag M 1ilanensauIY 130MaaN1g
an a o"dyo IS Y Y < A A . @
M3 AAERNIudeIImMaus IumMsnaaun (Velocity, meter/second) 9151

MIpdeun (Flow rate, person/second) LQ$N1T naABUNI AN (Specific Flow, person-meter)

A a Y] =) ] ] 1 I 9
rumaaulunus tule dszg memades sosruaee Wudu

< A A . ] a a0 g @
Voo anuiEalumsinaoun (Velocity, meter/second) (¥UY IUNT/IUIN) 1udnas

3 A ~ a o o
ﬂamL'iasllmﬂ”limaﬂum”lﬂmm/mmuclu’e)mTi LLH'Ja’]ﬂGD'ULLagiJUUlﬂ

o A ~ ] = =1 3 o
F.: 90913180 UN (Flow Rate, person/second) (W18 AU/IUIN) WuIuIuveIAY

d' 1 ] Y 4! a = 1 1 1 % 1 9 a
igesmalan Idluniaduni wudmiseq duiula iudumadulueias, F.=Fw

F: MIAAOUNTUNL (Specific Flow, person/second-meter) (MUY ﬂu/ﬁmﬁ-mm)

[ [ A A 1 ] 9 a Y ~
WusasimsnaouivesnuaenuenunINgnIveudun il 1w F=F /w
09.1’ a 4 d‘ o
Tuseulumsdnsgmefiuiaiszeznar lumsonen
a A I~ Y] dy
asvneweLluIINIIA il
A A 4 o = 9 =
1. asnavuuuulawieAnszitaymuaswazdeaveuduni1avdl i
a Ja 9 d’ o o
2. AATITHNINTIUMS 1F01AT oAU IUIUAU TUBIANT
A A o ~ ) [ 1 9Jq 9
3. asnasuuuu)aweNnsanszezn Ty imngaudmsunqui 1¥e1a13
o Y ~ A o ] 9
sazdmuaduniamsewenntl I welumsnszaesnuau llamuaazidunialueins

I a Aa @ Y '
Tz auauanwanuiuaie Taennsananszogn19dnas (Travel Distance) INNUA

laq ldagatlasafedes limuannasgiu
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4. asnaeunuuulawionsivvuiannuniveaiula anuniielszg
4 o a 4 1 a .
anuneveadumandl I et dmszimszezanuningesnianil lgns (Effective
1 J [ { o a §
Width, w) 118(ua3) szezizituszezminaudenavinalumanill vazszezigson'ld

o [~ ' 1 [ Y 4 T 1 1 Y ! {
ﬁm’iUtﬂuixazmﬁizﬁ”mﬂuﬂuNmtﬁamu%awnmm ANNIN ﬁ 12,13 uazminﬁ 4

- Nominal stair width ————|

Wall

+—— Handrail centerlines

l Open side

, 35in —»
(89¢cm)  (8.9cm)

|
w
w
= |

®
r' « Effective width—»

— - 6 in. Bin —= -—

(152cm) (152 cm)

Area of tread use
AN

Stair tread
(A)

+—— Nominal aisle stair width ——»

3.5in.
Half aisle \
Effective

(8.9 cm)
width

4

Half aisle

Effective
width

»

Bench

Center aisle handrail

Aisle stair tread |
(48 in, preferred)
(122 cm)

v 9
M 12 anundngnivestiv la tazmudusznnand

#301: John and James (n.d.)
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\ |
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\ 1
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'i \.\ ] Wastebasket
1 \
|
Telephones :
| Floor-standing
I \ display
| \
! \
/ \
/ \
i \ (] Wastebasket
/ \
/ . A \
f+—— Effective design width ——«
I | e Wall
| |
] [

M 13 anundngniusnamaaulueias

v A

Nan: viledo Principle of Smoke Management, Chapter 4 Evacuation Analysis

MSN 4 LAAITZETHINTEHINAUNUNITY (Hadag)
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5. W9ATIANUHUHUYEIAUTUMTIAARUN (Density, D) H1IY (AL/A1TIUNAT)
(person/mz)

D = P/A (5)

. 4 44
P=3uuaulunuinfozenen (au)

&g 4 oo d
A=VUANUNUDINQUAUNDNIN (A1T1UUAT)

Tasn2 lUgasanuruiuiulumsmaounvosauszialszuna 1.0 -2.0 AUAD
d' o 1Y o 1 d' ~ o =1 1 I~
MINNAT UAZINAUNTN 9 MUTUMIAIUMAMNIAABUNT AN, F, Taeivitieilu
SuuauaeNaIAeANUNANENT FAUMAUHAgUTENINANNHUILLYOIAUND
< A A A a P o o o Vo A A
ANNGINMTIAAOUN LA UATITHINNTINUAAIANUTUNUTIZHIOATINTIAROUN
SumziuaNurEuun RLaalunINg 14 wunanuruuni AN
4 'o [ % I~ [
IAAOUNTUWIZ (F) gagaazimny 1.88 AL/MIT1uNAT Fuiluanununiugega,.D,

W30NINAUMIANUHUWUUGIGgA D =1/ (2a) (6)

=1/(2*0.266 A5 1NUNT/AU)
= 1.88 AU/ANTIUUAT

ANUU bluﬂ15?%111!’(]@!5888!’3’&111‘”ﬂ1§®WSW%ZL§®ﬂ5ﬂ§1ﬂ’NNWUHL1jH 1.88 AU/

AT NNAT



Density (p/m’), 1.88 AL/MITNINAT

1 2 13 4
30 T T T T T T 1 T T 316
Gorridor, Aisle, Ramp, Doorway |
|
_ 25F 1 Stair Riser and Tread Type: 7
ﬂ; 7.5110 12 &
£ Lol LT < E
B 6.5/12 4 a
N 6.5113 >
o 15F
2 108 2
0 2]
S 10} ! 1 %
2 i 2
0 | 104 »
5L |
I =
|
0 I 1 1 1 11 1 1 0
0 0.1 0.2 0.3 04

Density (p/ft’)

4 v o 1 [ 4 { o @ ]
mwﬁ 14 ﬂi?V‘lLLﬁﬂ\iﬂ'ﬂﬂJﬁMWl&‘ﬁﬁ3‘”’3']\‘]’6@]31ﬂ']§Lﬂﬁ’ﬂi‘!ﬁﬂ"llW']gﬂ‘Uﬂ'J"lﬁJﬁU"llluu

30 John and James (n.d.)

< A ~ . ] a =
6. AN luMIAaRUN (Velocity, v) WU 1UA5/AUIMN (meter/second)

aumattinI$lumsdnnaiidad
NTAANUHUILUY (D) WINNT 0.55 AU/MITININAT

v = k-akD (7
ATAIAUN LAY (D) 1198 0.55 AU/MITIUNAT

v =0.85k (8
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< A A a =
% = ANWLTINITLAADUN (WUAT/IUIN)
a = A1R9N, 0.266 (AT 1UVAT/AN)
D = mmwumﬁummﬂuium'smﬁauﬁ (AU/M51UAT)
Y <3 a =} 9 1
k= AlsznaunuG? (A /UIN) MUATNUNAN

H 1w < a
ﬂTﬁ]\‘iﬁ 5 maasznauns) (k) (m/s), WASAUIN

anvadumani n k

NNIEAY NAIREI 329 1.40

A
u'la (gnay/ gnueu-Nadwas)

190/255 1.00
178/280 1.08
165/300 1.16
165/330 1.23

7. MAMINABUNTUWIE (Specific Flow, Fy) W18 (AL TUH-1ua3)
F, = Dv (AW 3NN-1un3) 9)

8. 119ATIMINABUNAUDIAY (Flow Rate, F,) N8 (AU TU19) 2zMuismIa

(% d’ d' 1 1 9 = a 1 1 =Wl d‘ d‘

asimsnaeuiveInuudazdIuveudumani Il waziinsannaiulaisimandoun

v 1 Y 1
@189 (Constraint Flow Point) ¥381U1 U iNAAD1U0INITONENDDNIINDIAT B2
IAUNAYATZHINAIMTINADUNTUNE (Specific Flow, F,) fuanundanldlunisnillu

a as.:‘ . . A ~ I A A A 9 A o
V39UININTU (Effective Width, w) Tasganuauigaaziiluganiimsinaounga a:ions

q

A Ay
NINaDUNUDYYA

F = Fow (AW 3u0) (10)
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9. miszezmalunuiaaes iy iula neaadu desiannuenmudunieay

\ \ \ 4

M 15 ginsativla
L,=L/sin©  (wa9)

= szgzmeiamunuadunuesyuueaiule, (uas)

var luLUIAY, (1UA5)

7
a o A
llm?JEJ\‘l"Ui’]Q‘]Juhlﬂ AIWAT19N 6

q

LD
LV
o

9

M3199 6 HAAIVUIAVDIGNAT gNUBULAZYNIDIBILIU |a

(1D

Qﬂﬁyq/gﬂuau Qﬂé’?ﬂ, L, Qnueu, L, Tula
i fadmms i fadwes  yu 0 Sin, ©
7.5/10 75 190 10 254 36.9 0.600
7/11 7.0 177 11 279 32.5 0.537
6.5/12 6.5 165 12 305 28.4 0.476
6.5/13 6.5 165 13 330 26.6 0.447
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10. ¥szeznalumsonen (Evacuation Time )
T =T, +T,+T, (12)

~ Y ] a =
= nalFlumsenen vivde Qun)

o w

= 1NAIMIIAAOUAT (Travel Time) VOIAUUTANDIRATINAVAANUAINITD

Q

-

N

M3 Inar1u(Constraint Flow Point) vi3ena1fitiosNgaveslasaunils
A @ = . . =
%zmaaum”lﬂmi;ﬂ Constraint Flow Point, (411)
a £ g = & ' A Ao q Yt o
T, = narlumssend Fudlunamauiavuaiulszgrsasesnanilvuen:,
Lﬂﬁ’e’]u‘ﬁﬁq @ (Constraint Flow Point)
T, = NAMAULINAUNININGANTNT$INABATINS I1a(Constraint Flow Point)

llgegalaoans visomeusnoins

a J. o
1naums (12) latimsamazinenmsdszgnaldaulueimsgalulszmalne
= S 9 [ 1 9 a9 ~ A 1 [ [] " W
Faonldunndaududou nazliduninil avausanasiusu dszguavniitiule
A Y o 1 A Y ~ 3’ = Y
Wioudunetiu laeuaundnlszg wiodumanil liua insaauuaas uduauia
= A g Aa Y 1 = o [
nsdiuneImMsnilueImsiinesnnannuae1vvzliszeznedyasainga lnagasuni
9 ] v 1
9DINNBONYIIINN IUVNATITLHZIAIMIAAOUTNDNIINYA INAgAUBIAUNIIIALDIY

MANNTLILIAINTIOAWNUYDININT I

v
Y av

o Y o =2 WY (v Yy a £ A

AuiuAnITeRe IalSvaumsldaziBoauiniu iieiinisasivaeuszeziial
TundagdruiehwlSouiouiuneidenaiszeznangegaunldan Tagldmunms
. - Ay e A4 da g 44
Auaszeznasem lumsmdeudiuyestiu laiuaunganioganiinnusimsnaeun
HIUA1GANT 0130071 Constraint Flow Point (T,,) 8252821021507 Tumsnasuruseilize

' Y o [ A A £
yatldogenn (T,,) uaz ldhnmsdiaszeznaimsndounvesauniau lawszezns
daasnnalanlueias llaudgatlaseeen (Tw) Felauannszeznaimamasuivosnu
o = = o o A ~ '

lamszezmedyasiunigalusu (Td) sauduszeznamanaoungaganiullam

u'la'laudsgailaoseen (Exit Discharge) (Ttd,)
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9

{ a d @
agdaumsfz llumsinszdszeznaimsonen laaail

Tm = Tta(min) + TC(maX) + Ttd +T0 (13)
T, = nanldlumsensn wiae Juii)
e = I0IMIIAAOUAY(Travel Time)UBIAULINTDIPATINATAANNEIINTD
& 9

m3 lnaru(Constraint Flow Point) niermiiiesfigavealasaumiis
%méeuﬁﬂﬂﬁmﬂ Constraint Flow Point, (W17)

T (max) = AAAIVOIAUT AN DAY 99 Constraint Flow 19| fitien
mﬂ‘ﬁqﬂ, i) Farzdeaiinsanediarion 2 99 Tuudagidumanii vl
At findiuge Witizdsznonds T, T., Taslumsdmou

C1>

1 { [ 1 ) I 1
wenamngandlu 2 annldlumsinanilum T (max)

a 4 ] ] o { { A <
T, = szeznarsea lumsnaeuiuyeiv lafuauiganioganiinausa

MIAAPUNHIUAIGANTBIG8N 1 Constraint Flow Point

T, = szeznmisemlumsmdourureslszgrioresniegaidesesn

Tid = szeznaimandeuivesaunieau liawszeznedyrsnnga
9 ]
o luguvesorms luaiinlanii liaudgailaesesn daaziirly

=) = [ a 1 o A ] 1
L‘]_]3fJ‘UWIfJ‘Uﬂ‘]J3388!3ﬁ1ﬂ1§i@ﬂ’3ﬂ1uﬂuvlﬂ (T ﬁiﬂﬂ?‘uﬁ)‘ﬂﬂﬁ’ﬂﬂ@@ﬂ

C1)

(T.,) minszezna lunedgasuinniegih linavanszezinm

35902 LLéI’Jﬂ'IIJT}J’JﬂS31]1145383L’Jﬁ1ﬂ15@W8W

Ttd=Ttd, + Ttd, (14)

44 g 4 g 2

Td, =  szeznaimsndsunvesau lumusseznedysivinigaludu
Td, =  szeznamandeungegadu ldawiiulalijaudgaildeseen
T, = fonaimsndondl (Travel Time) vosaulaqaingasinans lvadu

(Constraint Flow Point) ttaz/+30 yafioanainilszgiiulaniilyl
(Exit Discharge) 11/89mesuene1ns dawmsulunsaifgulandi

agmelueIn1s, (UM)
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HHYLYA

1. Constraint Flow Point ﬁi’)

[ v Y
dumualszguietiu laiassauesnvinaieluiinlandi lu(Exit Discharge) N

Y

A A
WUAY

[
=1

2. dwwdslaamelutiulanii dfuaungansetinnunieadosniidumia Exit

Discharge

- 1981 Ttd 130320z TUMTINADUNVOIAUAINTZEZNNTYDT HINTDINTT

52921901M350AIWIUYA Constrain Flow Tutiula (T, M5eszezinamsseniiuyailaes
1 o dy Y A I A a dgl Y o 19 [

00 (T,,)az lithszeznmtiinld iesinziiluszeznainadunioudy uadminni

321 LANAVILININY

1 = 1 d' 9 A a d' d' 9 (=
- M T (max) Wuedmi ldanmsidenszeznasemnuinigamnls Taoieu
1MeVT21I1932821701N1550AIHIUYA Constrain Flow Tuiinla (T,)) uazszeznainisony

iuyaaoeoen (T,)
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1. FoyanINUAUTFANIATFIM NFPA 101, Life Safety Code n1i1dl 2006
2. MAITIUAIUANNYaeAREATIn NFPA101, Life Safety Code R111i1) 2006

1 a a 4 a [ 4 4
3. uuunlaueinis nw ﬂ']ﬂ'JG]fTJﬁ'JﬂﬁﬂJlﬂ?@\iﬂa UNINYYLNYATAITAT L‘ﬂ?@\‘l

AONNUADS
9 @ s A =l
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a o
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4. MIAATIEHTTeENNYaanslunsenenesnaIN NGNS (Measurement of

Travel Distance to Exits)
4.1 529NN ﬁﬂﬁi (Travel Distance to Exits)
42 528LNNIIAUTIY (Common Path of Travel)
43 szezn9laredu (Dead Ends)
5. mi"?mswﬁmiﬁzuu,wmﬁ'umwﬁ"lw ( Separation of Means of Egress)

a 4 J 1 4
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1 101 #eunsadlilih Location)
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103 Wountesquiidumas (Mechanical Room)
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2 201 1IN nag #eee1sd ijjﬁi] (Business Occupancy)
202 HouTounazlfiams 519 (Business Occupancy)
203 WouSounazlfiams 519 (Business Occupancy)
204-205 ﬁ’ml‘i’ww-mﬁq 5519 (Business Occupancy)
206 Hounsedlih fufides51un310 (Hazardous

Location)



- :
MT19N 8 (M19)

70

g dszanfoanssumslderms
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207 Vioaia f AUved (Storage Occupancy)
Houiminma T3 N9 (Business Occupancy)
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303 HodinAgIa 2 5309 (Business Occupancy)
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405-407 ﬁ!mli’i 13 N9 (Business Occupancy)
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Tuguage lae

M3199 10 LAAIWaM3AATIZHNINTTUMT 1H01A15 MNNIATIIU NFPA 101,Life Safety Code Edition 2006

Aa o a a 4 a [ 4
Tnsans : mmiﬁﬂuuazﬂgmmﬁ ﬂWﬂ’Jﬂﬂ'Jﬁ’Jﬂiimﬂ%!@\iﬂa UU1INGIAUNHATAITAT VIUYU

aoudi Usziandanssumslderns wnnaituii|  manwugdlderns NIl IS (Mie: AY)
cﬁ”u AU B9 ef';gﬁ’m (Classification of Occupancy) (®54.) | (Occupant Load Factor) | 11294 | Fixed Seat | 314712349

1 101 ﬁ}aqm?@ﬂv\]ﬂ1 ﬁyuﬁgéﬂqé’umjm 30 'hjﬁﬂuag:ﬂsm"w NA. NA. NA.

102 |[Houduvea 5319 (Business Occupancy) 23 lifiauogiszd NA. NA. NA.

103 |4 Fire Pump ounTosauszuIATena 48 lifinuegilsz NA. NA. NA.

104 |WouSouuazljiams 5319 (Business Occupancy) 34 9.3 4 NA. 4

105 |WeuSounazljiams 5319 (Business Occupancy) 36 9.3 4 NA. 4

106 |Wousounazlfiams 5319 (Business Occupancy) 36 93 4 NA. 4

107 |Heufuves IAVVD (Storage Occupancy) 66 Tugiauegiszd NA. NA. NA.

108 |Tasamsfanneueud 9Aa11NIIV (Industrial Occupancy) 500 9.3 54 NA. 54
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M350 10 (99)

aoudi Usziandanssumslderms wvnaituii|  manugdldernns SudlFerns (mie: au)
ef;”u AU s]“;@ﬁ’m (Classification of Occupancy) (®134.) (Occupant Load Factor) | 41149g | Fixed Seat | 3114712549
109-110 ﬁmﬁww-qu 5319 (Business Occupancy) 42 lifiauegilsz NA. NA. NA.
HuiiAanssuiian AUUUAU (Assembly Occupancy) 630 1.4 450 NA. 450
swoumiusul  si6
2 201 dninav uag vese1nsd ﬁiﬁi] (Business Occupancy) 300 9.3 32 NA. 32
202 | HouSounazlgians 5319 (Business Occupancy) 290 9.3 31 NA. 31
203 | HeouSounazlgians 5319 (Business Occupancy) 195 9.3 21 NA. 21
204-205 ﬁ’mffww-ﬁm':q 5319 (Business Occupancy) 33 lufianegilse NA. NA. NA.
206 | Hounsoaliih fiufidoed1unT16(Hazardous Location) 12 lifinuegilsz NA. NA. NA.
207 ﬁ}mﬁlﬁﬂ EIEER (Storage Occupancy) 12 blﬁﬁﬂu@fjﬂizﬁW NA. NA. NA.
Woumima ﬁiﬁi] (Business Occupancy) 36 9.3 4 NA. 1
#045991 MR 2 o9 5309 (Business Occupancy) 36 9.3 4 NA. 2
Voatlsza YUYUAY (Assembly Occupancy) 18 14 13 NA. 13
sunluiu 2 100
3 301 ﬁlm’dlgﬂ YUUNUAU (Assembly Occupancy) 64 4.6 14 NA. 14
302 04 wﬂﬂgﬂhﬂ 1 iﬁﬁ"ﬂ (Business Occupancy) 60 9.3 6 NA. 6
303 104 wﬂﬂ}:‘l}N 2 h:iﬁﬂ (Business Occupancy) 60 9.3 6 NA. 6
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aoudi Usziandanssumslderms wvnaituii|  manugdldernns SudlFerns (mie: au)
ef;”u AU s‘fmﬁ’m (Classification of Occupancy) (54.) | (Occupant Load Factor) | 411291 | Fixed Seat | 91421954
304 ﬁ'mﬁnﬂg %19 3 ﬁiﬁi] (Business Occupancy) 49 9.3 5 NA. 5
305 HOIUINE 1 fqiﬁi] (Business Occupancy) 48 9.3 5 NA. 5
306 NOIUINE 2 ‘qiﬁi] (Business Occupancy) 39 9.3 4 NA. 4
307 HoauIve 3 ﬁiﬁi] (Business Occupancy) 39 9.3 4 NA. 4
308 041G 4 ﬁiﬁi] (Business Occupancy) 36 9.3 4 NA. 4
309 ﬁmﬂﬁﬁ’ﬁmsﬂauﬁama{ ﬁiﬁﬂ (Business Occupancy) 67 9.3 7 NA. 7
310 ﬁmﬂﬁﬁ'ﬁﬂm%mmu ﬁiﬁﬂ (Business Occupancy) 67 9.3 7 NA. 7
311 NOWITENY 1 PUUNAU (Assembly Occupancy) 115 1.4 82 NA. 32
312 NOUTTENY 2 PUUNAU (Assembly Occupancy) 60 1.4 43 NA. 43
313 WoIUTT00 3 PUUNAU (Assembly Occupancy) 51 1.4 36 NA. 36
314-315 ﬁ'ﬁm‘i‘ww-wm} 7309 (Business Occupancy) 33 lusiauegilsed NA. NA. NA.
Common Area 13 19 (Business Occupancy) 121 9.3 13 NA. 13
Snavunuludi 3 236
4 401 | ¥ouine1913d 14 Heq 5309 (Business Occupancy) 295 9.3 32 14 14
402 | Houine1913d 13 ¥eq 5319 (Business Occupancy) 273 9.3 29 14 14
403 foas AU PUUNAU (Assembly Occupancy) 72 1.4 51 NA. 51
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aoudi Usziandanssumslderms wvnaituii|  manugdldernns SudlFerns (mie: au)
ef;”u AU s‘fmﬁ’m (Classification of Occupancy) (®134.) (Occupant Load Factor) | 41149g | Fixed Seat | 3114712549
404 Auditorium PUUNAU (Assembly Occupancy) 165 0.65 254 NA. 254
Stage YUUNAU (Assembly Occupancy) 58 1.4 41 NA. 41
405-407 | Howrin YNYUAU (Assembly Occupancy) 33 Tusiauegilsed NA. NA. NA.
408 | viea'ldlih fiufiduasuas1e(Hazardous Location) 12 lifinuegilse NA. NA. NA.
409 04 Pantry ﬁiﬁi] (Business Occupancy) 12 qﬂﬁﬂu@éﬂix% NA. NA. NA.
snnunuii 4 374
5 501 | ®eeine19158 12U 11 Wea | 5309 (Business Occupancy) 235 9.3 25 11 11
Common Room ﬁiﬁi] (Business Occupancy) 36 9.3 4 NA. 4
Houduves 1AUUBA (Storage Occupancy) 24 lifinuagisy NA. NA. NA.
502 | #eeWne1n138 $11au 13 Wea | 5300 (Business Occupancy) 273 9.3 29 13 13
503 | Woulszaw YuUNAY (Assembly Occupancy) 38 1.4 27 NA. 27
504 | Woanuddeuazusmsamms | §3n0 (Business Occupancy) 130 9.3 14 NA. 14
505-507 | Heurh 309 (Business Occupancy) 33 lusiauegilse NA. NA. NA.
508 | Woelvlih fiufidusuasto(Hazardous Location) 12 lifinuegilszh NA. NA. NA.
509 04 Pantry Tgiﬁﬂ (Business Occupancy) 12 hlijﬁﬂuﬂﬂ‘ﬂizfﬁ NA. NA. NA.
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aoudi Usziandanssumslderms wvnaituii|  manugdldernns SudlFerns (mie: au)
ef;”u AU s‘fmﬁ’m (Classification of Occupancy) (54.) | (Occupant Load Factor) | 411291 | Fixed Seat | 91421954

510 #04 Control Auditorium ﬁiﬁﬁ] (Business Occupancy) 18 hlliﬁﬂu@fjﬂﬁ 231 NA. NA. NA.
Snounludi s 69
aaih Exercise rooms with equipment PUUNUAU (Assembly Occupancy) 284 4.6 62 25 25
,Gf;’luaﬁlﬂ Exercise rooms with equipment YUUNAU (Assembly Occupancy) 240 4.6 52 25 25
511»!31!?11!114%1! 6 ﬂ%@%ﬂﬁﬂﬂ 50

1446 1345

o 3 o
mumé‘l‘nmmﬁmmﬂm
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Queue Time (sec) = Occupant Load (persons) / Exit Flow Rate (persons/sec) (16)

3. AUIUNAIVINTONIN IUDIATT (Calculated Evacuation Time, Tm)

NNFUNT (13) T =T

m ta(min)

+ T (max) + T, +T,
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M3197 20 Seazdsartiaaiu lani 1

Type 1

2 3 4 5 6
Riser Height (mm.) 165 180 178 180 190 200
Tread Depth (mm.) 330 290 280 250 255 250
Stair Slope(@degree) 26.57 31.82 32.44 35.75 37.97 38.66
Sin. @degree 0.447 0.527 0.536 0.584 0.615 0.625
Velocity Factor (k) 1.23 1.10 1.08 1.03 1.00 0.98
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M15199 21 uﬁmﬁwamﬁaﬂﬁu"lﬂ (Information of Building Stairs)

sznoudIewiian 2, 4 1ag 6 FarzuaaIsvazdealumsranioa 11

Stair "ST-1" Stair "ST-2 " Stair "ST-4 " Stair "ST-5 " Stair "ST-6 " Stair "ST-7 "
Riser 0.20 Riser 0.18 Riser 0.18 Riser 0.18 Riser 0.18 Riser 0.20
Height (m.) Height (m.) Height (m.) Height (m.) Height (m.) Height (m.)
Tread 0.25 Tread 0.25 Tread 0.25 Tread 0.25 Tread 0.29 Tread 0.25
Depth (m.) Depth (m.) Depth (m.) Depth (m.) Depth (m.) Depth (m.)
Stair Slope 38.66 Stair Slope 35.75 Stair Slope 35.75 Stair Slope 35.75 Stair Slope 31.82 Stair Slope 38.66
(degree) (degree) (degree) (degree) (degree) (degree)
Type 6 Type 4 Type 4 Type 4 Type 2 Type 6
Door In 0.90 Door In 0.90 Door In 3 Door In - Door In - Door In 900
Width (m.) Width (m.) Width (m.) Width (m.) Width (m.) Width (m.)
Door Out 0.90 Door Out 0.90 Door Out = Door Out - Door Out - Door Out -
Width (m.) Width (m.) Width (m.) Width (m.) Width (m.) Width (m.)

601
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Stair "ST-1" Stair "ST-2 " Stair "ST-4 " Stair "ST-5 " Stair "ST-6 " Stair "ST-7 "
Minimum Minimum Minimum Minimum Minimum Minimum
Stair Width Stair Width Stair Width Stair Width Stair Width Stair Width
(m.) (m.) (m.) (m.) (m.) (m.)
Deck FI. - 1.25 SFL. - 1FL 0.90 2FL. - 1FL. 2.30 3FL. - 2FL. 1.80 4FL. - 3FL. 1.60 Deck FI. - 1.20
1FL SFL
1FL 3.40 1FL 4.80
Discharge Discharge
Stair Stair
Landing 1.75 Landing 1 Landing 1.5 Landing 1 Landing 2.7 Landing 1.23
Width (m.) Width (m.) Width (m.) Width (m.) Width (m.) Width (m.)
Distance on 7.5 Landing 2 Landing 2.75 Landing 6
Landing Width (m.) Width (m.) Width (m.)
(m.)
Effective Effective Effective Effective Effective Effective
Width (m.) Width (m.) Width (m.) Width (m.) Width (m.) Width (m.)
Deck FI. - 0.95 SFL. - 1FL 0.60 2FL. - 1FL 2.00 3FL. - 2FL. 1.50 4FL. - 3FL. 1.30 Deck FI. - 0.90
1FL SFL

011
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Stair "ST-1" Stair "ST-2 " Stair "ST-4 " Stair "ST-5 " Stair "ST-6 " Stair "ST-7 "
TPl 450
Discharge
Stair
FI. To Fl. 3.80 FI. To Fl. 3.80 FL. To Fl. 435 FI. To Fl. 4.00 FI. To Fl. 3.60 FI. To Fl. 3.50
Height (m.) Height (m.) Height (m.) Height (m.) Height (m.) Height (m.)
FLtoFL. 67.23 FLtoFL 59.12 FLtoFl. 10.95 FLtoFL 10.60 FLtoFl. 18.23 FLtoFL 6.83
Travel Travel Travel Travel Travel Travel
Distance Distance Distance Distance Distance Distance
(m.) (m.) (m.) (m.) (m.) (m.)
9 o Jq 9 1 o 1 o
2. agideyaswaudldormsuazutsiuauaunszneauuaaziula
Y [ Y
o 1 (% A [ Y R o = 1 (%
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a 4 { ] I~
nnuuulauemsgadnauudgiumsmaounesnvine1msuesauuLiaiv 3 dung
- duman 1 st lanil Tl sT-1
- duman 2 funatiu landl Tl sT-2
9 d‘ 1 Y =\ 3 1 d’ % d‘ 3 1 LY d' 0911 1 dl 3 1
- Fuman 3 dumaiulanil 1l ST-6 U 4 aeriioaatiu'la ST-5 MU 3 wazaoiiu'la ST-4 N¥u 2 Yavsaueenivu 1 as 1

IT1



ST-5 ST-6  ST-7 5T-1 ST-2

V +25.35 Roof FL. 1.80m  1.60m 1.20m  1.25m 0.90m
5.05
oLe> 0oL=25
IPeZS TD=56

V +20.30 Mezzanine FL.

3.50
oL=18 OL=55
TD=46
V +16.80 5thFL.
3.60 Ol=148
TD=57
V +13.20 4™ FL.
3.60 OL=175 OL=74 »
TD= 32 TD=6 DL:E'O
V +9.60 3 FL. D=4
O1=249
4,00 oL=21
ST-4 | -
V +5.60 2™ FL, 2.30m —
TU—c.7J
"
4.35 oL=270
v +£5 1% FL.
YV +0.00 Grade Level v
OL=270 OL=341

NT 20 uﬁmmﬁmﬁ'ummﬁ'lw
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M3197 22 $1uaud 199115 (Building Occupants Load)

Stair”ST- 1"

Stair”ST- 2"

Stair”ST- 4-5-6"

Floor Accumulated Accumulated | Maximum | Accumulated Maximum | Accumulated | Maximum
Occupants | Occupants Load [Occupants Load| Travel |Occupants Load Travel |Occupants Load| Travel
Floor |Occupancy Type
Load (Downward (Downward Distance (Downward Distance (Downward Distance
evac.) evac.) evac.) evac.)
(persons) (persons) (persons) (m.) (persons) (m.) (persons) (m.)
DECK| ASSEMBLY 50 50 - - = - - -
5 BUSINESS 69 119 68 46 55 47 - -
4 ASSEMBLY 374 493 241 48 108 46 148 57
3 BUSINESS 236 729 345 47 139 45 249 32
2 BUSINESS 100 829 376 49 187 36 270 45
INDUSTRIAL
516
1 and ASSEMBLY 1345 376 - 341 29 270 -
Total 1,345

el
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3.1 MUINMITZEZNAINSIAAoUN IuuAaL$Y (Travel Time ( Ttd1 ) & Queue Time on Each Floor)

] v 1 ] [ [ 9
- Travel Time (Ttd)) Huszeznamamasuiluaingalnagaluflszanil v Fauiluszeznamandouivesauiiog lnagaludu

o <3
1 1d01HaNITU09T 28NN UANIS )
AUMINMINUIAINIIAAOUAD (Travel Time) AO

NNAUNIT (15) Travel Time (sec) = Travel Distance (m) / Velocity (m/sec)
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- Queue Time (Tc) Lﬂuizﬂznaﬂumiﬁeml,wemaauwmuﬂfmmwu'Mmamummm“lu%u m”lﬂmﬂwamﬁeummmuﬂuﬁluw
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a 09: =
FUNITINITHUIANAIVDIAUNINUA(Queue Time) AD
NNANNIT (16) Queue Time (sec) = Occupant Load (persons) / Exit Flow Rate (persons/sec)

. [ Y A A o 1 A [ 2 a ~
- Exit Flow Rate (Fc) Lﬂmmﬁmimaﬂu‘wmmmumﬂumu‘ﬂSzﬂm’ﬂ%mmﬂuﬂmaum

MINAUMNT (10) AUMITMIHIOATUAADUN (Exit Flow Rate (F,) A0
Exit Flow Rate (F ) (persons/sec) = Specific Flow (F) (persons/sec.-m.) x Total Effective Door Width (w) (m.)

[

. A A o < [ A A ' T 9 a Y =
- Specific FIOW(FS) mﬁmaaum”u,‘w1g:mJu@m"mﬁmaaumaQﬂu@1awmsmmmanqmmmmumwu"lw

NANMST (9) FUMITHINMIAABUNTUNE A
Specific Flow (F) (persons/sec.-m.) = Density (D) (person/sq.m.) x Velocity (v) (m./sec.)

. I < A A a @ o
- Velomty (V ) Lﬂummu,iﬂumimaauw "thummuiumma ummmmuazuu"lﬂ
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NNFUNT (7) ﬂ'llfﬂﬁﬂ?iﬁ?ﬂ??ﬂli’ﬂl&ﬂ?ﬁlﬂﬁﬂﬂ“ﬂ o
Velocity (v ) (m./sec.)= Velocity Factor(K) - 0.266 (persons/sq.m.)x Velocity Factor(K) x Density (D) (person/sq.m.)

' Y 1
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v 9 1 1
M3197 23 wansmuIuIZezaIMIeNen luLdazdy cdlmﬁaﬂﬁzﬂznmﬁumqmzmn Travel Time (Ttd,) N Queue Time (Tc)

Max. Total
Travel Queue
Floor Occupants Travel Selected Velocity | Velocity Effective Specific Maximum Floor
Floor Time Flow Rate(Fc)| Time
Load(P) Distance | Density (D) | Factor ) Door Flow(Fs) Evacuation Time|
(Ttd,) (Te)
(Td) Width(w)
(persons) (m.) (person/sq.m.) k) (m./sec.) (sec.) (m.) (persons/sec-m) | (persons/sec.) | (sec.) | (sec.) | (min)
DECK 25 25 1.88 0.98 0.490 51.0 0.60 0.921 0.553 45.2 51.0 0.9
25 30 1.88 0.98 0.490 61.2 0.60 0.921 0.553 45.2 61.2 1.0
annvuaosadllg ¥u 5 llassT-1| 45 1.88 0.98 0.490 91.9 91.9 | 1.5
5 123 47 1.88 0.98 0.490 95.9 1.20 0.921 1.105 111.3 111.3 1.9
4 374 57 1.88 1.10 0.550 103.7 2.50 1.034 2.585 144.7 144.7 2.4
3 384 47 1.88 0.98 0.490 95.9 2.70 0.921 2.487 154.4 154.4 2.6
2 100 49 1.88 0.98 0.490 100.0 3.20 0.921 2.947 33.9 100.0 1.7
1 516 59 1.88 0.98 0.490 120.4 9.95 0.921 9.164 56.3 120.4 2.0
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e T F U RN IUANT0E1IN Y3 TVLIAYDINIIDBANATUAINING 15U FUae, F1 2 uag Fu 1 awnuszeznarlumsnasunveIny

E4
iﬂﬂi]ﬂhlﬂa’ﬁ‘[ﬂ ‘Vi?@ Ttd 3XUINANTLILIAINITTOAINTUFDIN1IDDNINNTU (Te)

2) @51 Travel Time(Ttd,) voauAazdumaiiudail

9 ~ = A = J 3 A @ t:'csj £ a =
- mumwu”lw ST-1 %Laaﬂ‘izazmw"lﬂaqwuﬂuizawwmﬂ%uaamwaawu"lﬂ ST-1 NB¥U S ¥I Ttd, = 91.9 WU M

9 ~ = 9 A o ~ qu a =
- mumwu”lw ST-2 i]%m@ﬂi%GZﬂWQQ’QQQLﬂIWﬂquﬂﬂ%u 5 Ttd,= 95.9 31U

9 ~ = 9 A o ~ 3 a =
- mumwu”lw ST-4-5-6 i]%m@ﬂi%GZﬂWQQ’QQQLWWﬂUHllﬂﬂ‘Bu 4 Ttd, = 103.7 7N

[ %

3.2 AUIBHITZEZNAINIAAOUNYOIAULI NHIUYANTINAGATING 118 (Constraint Flow)(Tta) veutaaz iy lauassze21a1n355007
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M3199 24 5T Tta YD Stair 1

Min. Travel Total
Selected Flow Travel
Occupa Distance to Velocity | Velocity Effective Specific Queue
Floor Density Rate Time
nt Load Constraint Factor ) Door Flow(Fs) Time
(D) (Fo) (T )
point Width(w)
(person/sq (persons/ | (person
(person) (m.) (k) (m./sec.) (sec.) (sec.)
.m.) (m.) sec.-m.) | s/sec.)
Exit Door at 4FL 173 26 1.88 1.40 0.700 0.60 1.316 0.789 219.1 37.1
Stair at 1FL. 376 25 1.88 0.98 0.490 0.95 0.921 0.875 429.7 51.0
Exit Door at 1 FL 376 41 1.88 1.40 0.700 0.60 1.316 0.789 476.3 58.2
Exit Discharge 180 5 1.88 1.40 0.700 0.60 1.316 0.789 228.0 7.14

Maximum Queue Time at Exit Door 1st FL. is the Constraint Flow Point 476.3 sec

611



M9 25 32821901 Tta Y9N Stair 2

Min. Travel Total
Floor Travel
Distance to Selected | Velocity Effective Flow Queue
Floor Occupants Velocity(v) Specific Flow(Fs) Time
Constraint | Density (D) | Factor Door Rate(Fc) Time
Load(P) (T,)
point Width(w)
(person) (m.) (person/sq.m.)| (k) (m./sec.) (m.) (persons/sec.-m.) | (persons/sec.)| (sec.) | (sec.)
Exit Door at 4FL 53 10 1.88 1.40 0.700 0.60 1.316 0.789 67.1 14.3
Stair at 1FL. 187 5 1.88 1.03 0.515 0.60 0.968 0.581 322.0 9.7
Exit Discharge 341 14 1.88 1.40 0.700 0.60 1.316 0.789 431.9 20.0
Maximum Queue Time at Exit Discharge is the Constraint Flow Point 431.9 sec
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M9 26 32821901 Tta Y94 Stair 4-5-6

Min. Travel Total
Floor Travel
Distance to Selected | Velocity Effective Specific Flow Queue
Floor Occupants Velocity(v) Time
Constraint | Density (D) | Factor Door Flow(F's) Rate(Fc) Time
Load(P) (T,)
point Width(w)
(person) (m.) (person/sq.m.)| (k) (m./sec.) (m.) (persons/sec.-m.) |(persons/sec.)| (sec.) (sec.)
Stair at 4 FL. 148 13 1.88 1.10 0.550 1.30 1.034 1.344 110.1 23.6
Stair at3 FL. 249 5 1.88 1.03 0.515 1.50 0.968 1.452 171.5 9.7
Maximum Queue Time at stair 3FL. is the Constraint Flow Point 171.5 sec
agszezinarnunsn 110aga Constraint Flow (Tta) Hazszeznalsond luuaaz 5
1. Fumanilll sT-1 99 Constraint Flow 10 Exit Door %1 1 52821781 Tta = 582 23U, 5202001525002 = 4763 U1
2. 1@umaniilil ST-12 9 Constraint Flow 10 Exit Discharge 52021281 Tta = 20.0 714, 520210013250A1 = 431.9 Ui
3. 1dunmaniilyl ST 4-5-6 9@ Constraint Flow fie 171 lau 3 2Oz Tta= 9.7 21U, T2e2IA52I0AY = 1715 Ui

14!
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M9 27 sewenan Ttd, U®9 Exit Path - Stair " 1"

Travel

FlL.toFl. Landing Stair FlL.toFl. Travel Velocity | Velocity

Floor No. of stories Selected Density Time
Height Width Type Distance Factor )
(Tyy)
(m.) (m.) (m.) (person/sq.m.) k) (m./sec.) (sec.)
Deck to 5 3.50 1 1.75 5 12.60 1.88 0.98 0.49 25.72
5to4 3.60 1 1.75 5 12.76 1.88 0.98 0.49 26.04
4t03 3.60 1 1.75 5 12.76 1.88 0.98 0.49 26.04
3to02 4.00 1 1.75 5 13.40 1.88 0.98 0.49 27.35
2to 1 4.35 1 1.75 5 15.71 1.88 0.98 0.49 32.07
67.23 Total Stair Travel Time (sec.) 59.42
(min.) 1.0

14!



M3197 28 52021001 Ttd, V93 Exit Path - Stair "7"

Travel
No. of Landing Stair FlL.toFl. Travel Selected Velocity Velocity
Floor Fl.toFl. Height Time
stories Width Type Distance Density(D) | Factor(v) v)
(T
(m.) (m.) (m.) (person/sq.m.) k) (m./sec.) (sec.)
Mezz to 5 3.50 1 1.23 5 8.06 1.88 0.98 0.49 16.45
Total Stair Travel Time (sec.) 16.45
(min.) 0.3
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M3197 29 52021001 Ttd, Y83 Exit Path-"2"

FL.toFl.
FLtoFl. No. of Landing Stair Selected Velocity Velocity
Floor Travel Travel Time (T ;)
Height stories Width Type Density(D) Factor v)
Distance
(m.) (m.) (m.) (person/sq.m.) k) (m./sec.) (sec.)
5to4 3.60 1 1.00 5 15.66 1.88 1.03 0.52 30.36
4103 3.60 1 1.00 5 15.66 1.88 1.03 0.51 30.42
3t02 4.00 1 1.00 5 16.35 1.88 1.03 0.51 31.75
2to 1 4.35 1 1.00 5 11.45 1.88 1.03 0.51 22.23
59.13 Total Stair Travel Time (sec.) 53.99

(min.) 0.9

9Cl



M319N 30 s¥ezal Ttd, U9 Exit Path - Stair “4-5-6 "

ST 6
ST S

ST 4

Fl.toFl.
No. of Landing Stair Selected Velocity Velocity
Floor | FlLtoFl. Height Travel Travel Time (T ;)
stories Width Type Density Factor W)
Distance
(m.) (m.) (m.) (person/sq.m.) k) (m./sec.) (sec.)
4t03 3.60 1 2.70 3 18.23 1.88 1.10 0.55 33.15
3to2 4.00 1 3.75 5 10.60 1.88 1.03 0.51 20.58
2to 1 4.35 1 3.50 5 10.95 1.88 1.03 0.51 21.26
39.78 Total Stair Travel Time (sec.) 41.85
(min.) 0.7
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1/apeoon Total Travel Time (Ttd) I&aa

1. ST-1 Ttd= 59.42 3w
2. ST-7 Ttd,= 1645 UM
3. ST-2 Ttd,= 53.99 3w

4. ST-4-5-6  Ttd,= 41.85 N

A @ 3 ' o = ! .
52ezMIMINADUAINNTZozN I Inaga luguru lUawiivlaaudsgaiaseeen (Total Travel Time (Ttd)
A Td lAnnauns Td=Ttd, + Ttd,

A 1
T Ttd, lannmssiuasluduaoui 3.1

A 1
Tao Ttd, ldnnmssiuialuduaoui 3.3
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@139 31 52821981 Tc, Along Stair " 1"

Accumulated
Effective Velocity Selected Specific
Floor Occupants Load Velocity(v) Flow Rate Queue Time (T )
Width Factor Density Flow
(Downward Evac.)
(person/sq. (person/sec.

(person) (m.) (k) (m./sec.) (person/sec.) (sec.)

m.) -m.)

Mezz-5 0 0.95 0.98 1.88 0.490 0.921 0.875 0.0
5-4 68 0.95 0.98 1.88 0.490 0.921 0.875 77.7
4-3 241 0.95 0.98 1.88 0.490 0.921 0.875 275.4
3-2 345 0.95 0.98 1.88 0.490 0.921 0.875 394.3
2-1 376 0.95 1.03 1.88 0.515 0.968 0.920 408.9
Maximum Queue Time after Leave from Stair " 1 " at 21" FI. (sec.) 408.9

0€1



M1319N 32 52821981 Tc, Along Stair " 2"

Accumulated
Effective | Velocity Selected Queue Time
Floor Occupants Load Velocity(v) Specific Flow Flow Rate
Width Factor Density (T,)
(Downward Evac.)

(person) (m.) (k) (person/sq.m.) | (m./sec.) (person/sec.-m.) (person/sec.) (sec.)

5-4 55 0.60 1.03 1.88 0.515 0.968 0.581 94.7
4-3 108 0.60 1.03 1.88 0.515 0.968 0.581 185.9
3-2 139 0.60 1.03 1.88 0.515 0.968 0.581 239.3
2-1 187 0.60 1.03 1.88 0.515 0.968 0.581 322.0
Maximum Queue Time after Leave from Stair ' 2 " at 2"-1" FI. (sec.) 322.0
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M13191N 33 3282191 Te, Along Stair " 4-5-6 "

Accumulated
Effective | Velocity Selected
Floor Occupants Load Velocity(v) | Specific Flow Flow Rate Queue Time (T )
Width Factor Density
(Downward Evac.)

(person) (m.) (k) (person/sq.m.) | (m./sec.) (person/sec.-m.) | (person/sec.) (sec.)
4-3 148 1.30 1.10 1.88 0.550 1.034 1.344 110.1
3-2 249 1.50 1.03 1.88 0.515 0.968 1.452 171.5
2-1 270 2.00 1.03 1.88 0.515 0.968 1.936 139.5
1-Grade 270 4.50 1.03 1.88 0.515 0.968 4.356 62.0
Maximum Queue Time after Leave from Stair " 5 " at 3-2 FL. (sec.) 171.5

4
U

a A v 1 o = A ~ 1 Y ~ 9 I =1
nmmﬁiammaaumwmuu'lﬂwu”lw (TC1) 141Jﬂmquwimmaxmumwu"lw AR NV INUY 1 U

1. idumanidi Il sT-1 Tc,= 408.9 311
2. @umandl I sT-2 Te,= 322.0 23U
3. idumaniill ST-4-5-6  Te,=  171.53w1#

3.5 M1928TNAIAIVBININGBYHIUTEIN RN IUTILALTIgArT oAl aoueen (Tc,)

el



M13190 34 Fez Tc, "Exit Door - Stair " 1"

Total Occupants Effective Velocity Specific
Stair No. Density (D) | Velocity(v) Flow Rate(Fc) | Queue Time (T _,)
Load Width(w) Factor Flow(F's)
(person) (m.) (k) (person/sq.m.) (m./sec.) (person/sec.-m.) | (person/sec.) (sec.)
1 376 0.60 1.4 1.88 0.700 1.316 0.789 476.3
(min.) 7.9
M3197 35 3oz Tc, "Exit Discharge Door - Stair " 2 "
Total Occupants Effective Velocity Specific
Stair No. Density (D) | Velocity(v) Flow Rate(Fc) | Queue Time (T ,)
Load Width(w) Factor Flow(Fs)
(person) (m.) &) (person/sq.m.) | (m./sec.) (person/sec.-m.) | (person/sec.) (sec.)
2 341 0.60 1.4 1.88 0.700 1.316 0.789 431.9
(min.) 7.2

eel



M13190 36 3282171 Te, Along Stair " 4-5-6"

Total
Effective Velocity Specific
Stair No. Occupants Density (D) | Velocity(v) Flow Rate(Fc) Queue Time (T_,)
Width(w) Factor Flow(Fs)
Load
(person) (m.) k) (person/sq.m.) | (m./sec.) (person/sec.-m.) (person/sec.) (sec.)
4-5-6 270 2.00 1.03 1.88 0.515 0.968 1.936 139.5
(min.) 23

2
%

a 4 @ 1 [~
agdnamsseAundoudlszg (T,) uaazidumanil I idugdail

1. tdumaniiln sT-1 Tc 476.3

2. 1Funanil vl sT-2 Tc 431.9 M

3. @umandl il ST-4-5-6  Te 139.5 U

vel
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3.6 MIMUINKNITLHIAINMIAAOUAD (Travel Time) vouaulaqaingadiians

lv@ar1u (Constraint Flow Point) taz/150 yafivonaindszaiulawiilu (Exit Discharge) 11/

=2 [ o A o = 1 =
temeuene1ns dwsulunsaifidulaniiliegnelueians, i) (r)

M3197 37 3oz T, Stair" 1" Constraint Flow Point at Exit Door 1st Floor

Occupants |Max. Travel Velocity Velocity |Travel Time
Floor Density (D)
Load Distance Factor v) (T)
(persons) (m.) (person/sq.m.) (k) (m./sec.) (sec.)
1 376 6 1.88 1.4 0.700 8.6

M3197 38 52021001 T, Stair" 2" Constraint Flow Point at Exit Discharge 1st Floor

Occupants |Max. Travel Velocity Velocity |Travel Time
Floor Density (D)
Load Distance Factor ) (T)
(persons) (m.) (person/sq.m.) (k) (m./sec.) (sec.)
1 341 0 1.88 1.4 0.700 0.0

M13199 39 Feza T, Stair"4-5-6" Constraint Flow Point at Stair”ST-5" 3rd Floor

Occupants |Max. Travel Velocity Velocity |Travel Time
Floor Density (D)
Load Distance Factor ) (T)
(persons) (m.) (person/sq.m.) (k) (m./sec.) (sec.)
1 249 22 1.88 1.4 0.700 30.8
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A o 2 , o :
a31Una1M Ao UAIVOIAUALNIIININYA Constrain Flow l1J§agatldesen (To)
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v A

uaaziiula Wudadl

1. ST-1 To=
2. ST-2 To=
3. ST-4-5-6 To=

8.6 2N

0.0 7% 1ieniiula ST-2 Uaseosnusnoin Iagnsa

30.8 7UIN
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m ta(min)
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T
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Ttd
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42 szeznatonenludumani 1w sT-2
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Ttd
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200 UM
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msie T
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3220 2
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E
wamuaszezna lumsenenaudunani I st-2 1da1iavue 451.9
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IUMN HID 7 U 323U

43 szoznarenenluduniavi 1 ST-4-5-6

T

ta (min)

T, (max)

cl

c2

Ttd

9.7 N
a = = 1 d‘ d' 1
1715 WM (@9nMNunnNgaseviIN T, wag T.,)

M To> T,

=)

171.5 2w

a

139.5 UM

)

a = = 1o 9 o
145.55 W17 (Ttd < T, %30 T, 92 hivunlglumssiui
| = v .
msIziussezafeIiy L Tdd=0)
A =
308 UM

9.7+171.5+0.0+30.8 = 212 2N =3.53 UIN
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Maximum
Max. Travel| Travel
Floor Occupants Queue Floor
Floor Distance Time
Load(P) Time (Tc)| Evacuation
(Td) (Ttd,)
Time
(persons) (m.) (sec.) (sec.) (sec.) |(min.)
DECK 25 25 51.0 45.2 51.0 | 0.9
25 30 61.2 45.2 61.2 | 1.0
nnFuaseadlilg ¥u 5 las sT-1 45 91.9 91.9 | 1.5
5 123 47 95.9 111.3 1113 | 19
4 374 57 103.7 144.7 144.7 | 2.4
3 384 47 95.9 154.4 1544 | 2.6
2 100 49 100.0 339 100.0 | 1.7
1 516 59 1204 56.3 1204 | 2.0
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M13190 41 Constraint Flow Point ﬁu]’lﬂ ST-1

Min. Travel
Queue
Occupant Distance to Flow Travel Time

Floor Time

Load Constraint Rate(Fc) (T,)
(Te)
point

(person) (m.) (persons/sec.)| (sec.) (sec.)
Exit Door at 4FL 173 26 0.789 219.1 37.1
Stair at 1FL. 376 25 0.875 429.7 51.0
Exit Door at 1 FL. 376 41 0.789 476.3 58.2
Exit Discharge 180 5 0.789 228.0 7.14
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Min. Travel
Floor Queue
Distance to Flow Travel
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Load(P) (Te)
point
(person) (m.) (persons/sec.) (sec.) (sec.)
Exit Door at 4FL 53 10 0.789 67.1 14.3
Stair at 1FL. 187 5 0.581 322.0 9.7
Exit Discharge 341 14 0.789 431.9 20.0
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M15197 42 (99)

Min. Travel
Floor Queue
Distance to Travel Time
Floor Occupants Flow Rate(Fc) | Time
Constraint (T,)
Load(P) (Tc)
point
(person) (m.) (persons/sec.) (sec.) (sec.)
Stair at 4 FL. 148 13 1.344 110.1 23.6
Stair at 3 FL. 249 5 1.452 171.5 9.7
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