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0-4 2,076 4.2 .98 3.9 TN o =
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10-14 2,268 45 2,251 45 47| o * —
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I
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40-44 3,916 7.8 3,775 7.6 -0 | -6 5 -_—
45-49 4,40 8.8 4,362 8.7 42| -0 0 |
50-54 4,001 8.0 4,07 8.1 7 1.8 - e
55-59 4,167 8.3 4,212 8.4 5 11 _—
B0-B4 3,175 B.4 3,401 5.8 %6 7.1 © e
55-69 2,282 4.5 2,335 47 5 2.3 s -——
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o| o = = A
oM ¢las Mdo S Haot &
= sLo nl o = =] i = olo =
z|otol Atgtg JHE S| AlLhEl BoGE HEstH AlEgo[do et QY2 & 6258,
**SUMMARY***SUMMARY***SUMMARY***SUMMARY***SUMMARY*** *SUMMARYSUMMARY*SUMMARYSUMMARYSUMMARY
Sim;{la\ion: ALE(R| 4, 83) Simulation: b GER L))
Version: 2019.1.0508 i
N Version: 2019.1.0508
Mode: Steering MEdE Shstiig
Total Occupants: 286 Total Occupants: 286
Completion Times for All Occupants s): .
Min: 01 "00001" Corvpletlon Times for All Occupants (s):
Max: 2199 "00382" Min: 27.8 "00354"
Average: 153 Max: M3 00139
StdDev: 345 Average: 1816
StdDev: 65.7
Completion Times by Behavior (s):
Behavior Count  Min Min_Name Max  Max_Name Avg StdDev Completion Times by Behavior (s):
GOTOR 286 01 "00001" 219.9 "00382" 15.3 345 Behavior Count  Min Min_Name Max  Max_Name Avg  StdDev
*all behaviors* 286 01 "00001" 219.9 "00382" 15.3 345 GOTOF 286 278 "00354" 266.4 "00139" 181.6 65.7
*all behaviors* 286 278 "00354" 266.4 "00139" 181.6 65.7
Completion Times by Profile (s):
Profile Count Min Min_Name Max  Max_Name Avg  StdDev Completion Times by Profile (s):
Female 20-29 50 0.1 "00002" 112.1 "00380" 16.9 33.5 Profile Count Min Min_Name Max  Max_Name Avg StdDev
Female 30-39 23 0.1 °00009" 843  "00371" 99 25.6 Female 20-29 51 357 "00374" 260.0  "00190" 177.0 69.8
Female 40-49 25 0.1 0005" 924, O03ET 137 295 Female 30-39 23 504 "00371" 2610 "00114" 187.6 606
Female 50-59 2 O SROUF Jog:  S0R o 326 Female 40-49 25 376  "00367" 2490  "00110" 1725 603
Female 60-69 15 Q1  "00012" 1035  '00360° 125 320 Female 50-53 25 431 "00379" 2656  '00195" 1903 622
Fermale 7079 £ 9 P0seT0sa 0se AR 364 Female 60-63 15 504 "00360° 2652 00129 2064 663
F Ef“al'e 60-89 12199 (00582 2199 (00382 219.9 00 Female 70-79 7 546 "00362' 2636  '00131" 2241 695
me Zgig 152 81 ggg% gg-z 83;3; 12; 331 Male 20-29 ST 311 (00339 2617 00132° 1741 670
86 2 5 by i : - i 3 g Male 30-39 19 296 "00372" 263.0 "00127" 169.5 66.4
Male 40-49 25 0.1 00006" 88.1 00354" 127 26.5 % o 4 "
w . . . Male 40-49 25 278 00354" 243.5 00220" 1734 633
Male 50-59 23 01 00008" 837  "00370" 10.1 260 st il
,. u ; " Male 50-59 23 450 00370" 266.4 00139" 178.8 61.3
Male 60-69 15 0.1 00011" 88.0 00347" 111 28.2 Male 60-69 P 671 "00359° 256.4 00128" 193.5 591
Male 70-79 6 0.1 "00025" 90.1 "00361" 15.1 336 e 0. : . G g . . : '
g 2 A eeiinE  ToebieE o _ MeleT073 7 806 00T 257 (0021999 548
“all profles* 5 51 Blnien1Sd oo 1e3 Sis all profiles 266 278 00354 2664  "00139" 1816 657
Travel Distances for All Occupants (m): TTA\{el Distances foz’a;;” Occuﬁg[n];SSz(lT):
Min: 00 "00061" in: :
Max: 158.6 "00382" Max: 239.2 "00228"
Average: 218 Average: 163.6
StdDew: 41.8 StdDev: 524
=af = = 47 Zaf| = = En
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T 59 REHAM2 X[st 25 H 152 2t2F 1,945m® | 433m* &
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FEMA 4530f =, CHu[XS2| Shelter A& AlZHO| 24A|2b2 EHEX| ot X[of w2t =& Jts U

o EHata.
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ALEE 49 2.8m/persono| Z ot
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¥ 2-10. otebed AHlet = =0
| %] Ak =0| Ak =
2| x
B (mm) (mm)

1 Landing 166 320
. 2 Landing 166 320

~ C}
BIF ~ Exit 1 A= 3 Landing 166 320
4 Landing 166 320
1 Landing 157 320
. 2 Landing 168 320

~ C}
BIF ~ Exit 2 A= 3 Landing 173 340
4 Landing 168 340
1 Landing 157 320
. 2 Landing 168 320

~ C}
BIF ~ Exit 3 A= 3 Landing 173 340
4 Landing 168 340
1 Landing 143 335
. 2 Landing 157 335

~ C}
BIF ~ Exit 4 A& 3 Landing 171 335
4 Landing 175 300
B2F(Bomunsa Direction ~ B1F) 166 325
B2F(Korea University Direction ~ B1F) 172 325
B3F(Bomunsa Direction) ~ B2F 166 330
B3F(Back of Bomunsa Direction) ~ B2F 166 335
B3F(Front of Korea University Direction) ~ B2F 166 335
B3F(Back of Korea University Direction) ~ B2F 166 335

5.2.1.3 x| AlEzfole MF
O Algt ==&
- 2lo[x 274d

ztole AMHSIHS. 047|M 2HSO0|Zl DUS Pathfinder =210
OlEf, 2, HEt S TEslo pUS MWAS

- Pathfinder® Z< DXF TS 22 DNGS TFDlel S2HA0| L45tch

E 2-102 2ol X2 oteled Acte] E 9 0|2 LE|D S

O Pathfinder

28 4848
- = GFoM ALY AlEEold ZrOYoR
Y3t =.

- Pathfinder= Steering Mode, SFPE Mode 27}X| &34
Mode=

At B
2EARSO| ofE EXSD 42AEss YUEE

- & & SFPE Mode=
HLtE x| & ALEe.
- &, SFPE Modedl M= HElMA= MZ s|mlsta{d
=2 55 HMeto|rt Lo e EHEE Mojs Jise.

- Pathfinder Z&221 S35l REST(Required Safety Egress Time,
£ ASET(Available Safety Egress Time,

sol "ItKlxE U

HAlg =

58 7t o= Alzh) 2t g

+= Thunderhead Engineer ingoil A 7l g+t
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o2 Jts

st

_U
ot
=
=1

o
@

i
el

Engineering Guide to Human Behavior in Fire (SFPE, 2003)ollA Aeol=l JI& 2l

ANE3SIR 21 28RSH2] M2 £ni=of Bo|x|gt,

& ol 7 AlZHE &E5H0] 0]
wsto] et A==29 ofn ekdd
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- Tkl T e AKX 2o H 2 NFPAOIAM HMAISH =t +=&2lde &sk= Aol 7HE =2 H|S(45%)
2 XX, AF A=lak Mo FMu|(17%), t2l 717 21 AFXH(13%) 7 1 S5 ol 3.

- A HAFA dE 2E2= A 50%, O1AF 50% H|E(62%) 2 7HEste AREAIIE I Ben] O FH
2 =X} 60%, O4KF 40% (19%) S XIX| gt

- T o4F= I oF 2F(95%)0| o = LEHgen] 0|F Soff AlZaold MY Al EE ALZA7t
MAXLS Hof (JFE IEstA| = A2 & T+ US.

- 97| tix QIXte] H JHAE FH 7| XtF(65%)01 JtE = LiEHGgend ofn npYo|gt & ES st
(14%), A7|E=M "iH(14%)0] O & OlF.

- "X B = ASEo|MollAM HMAIE Z[2gt2! DEFAULT gt A7 (36%) 0] 7t& =7 LiEtG o] SH
Az Z2D(27%)7F 2 §IE 0|2

- Algt BT £S5k DEFAULT #b MA(59%)0 7t =H LENGon], SAXZE FHDsHE 2(23%) 0]
F HWE LESS

- OIS &5 d5olMe= LolE 7|&E(32%) 22 5101 M-St Zo| 7+ =2 LiEtgen] 7] MY =
gt LIO|E 7| &(36%) 22 st= Zo| 7H& =7 LIEHH.

—_ o
- 2 AN ALBE otgted cdlo| SZVIE O 2-40% ZO| B 3HE TAEO ooi, Uyt 3
i Fojolg8oR 2tiel UV, Hojel M8 57| 12 PA=0f U,
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AW x H)

W5 F24(A x B)
: 2000 (mm)
2200 (mm)
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o

o
ol

, 1000kg O A

(b) 3D =
a2 2-40. XI5t

Ao|HolE el A2 ciE2t £t
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E
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MRL Y 2|H|0|E 3=7| F1-B2 1H =4 AHE TS

Otz 228 ol S 43

- CBRE &H&O|AM ol 2ZeolE = AL2E Z0| HA| otM B2 2| AdE FESIK= RS,
SfAtLE Of2l0], eiitF 5 W2 HX| Rdl= 2E0dl= HEs| 28 25 FHOlEL & = US
- ASHA A el dAHol| wEH oA olE e = S IHMH2=Z 0.5m/s, ZOf 0.75m/s2

10
o
>
nx
tu
ne
=
12
o
ne

12| Hf| O] B & C}

I
H

- s, X7 S X 24 Al dajwlolEfS AFRSIX gte ol Hxo[x|g 2 ol oM ZEStD

>0
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rir

CBRE(Chemical Biological Radiological and Explosive) % £3| H2{AE 2 Al HIE TS

St= dEollM AE2[HolE AES AES It ot EebE.

fO
-4

oo 4 oo &%
TH 0|3 2A4(ELT, HEN, 52) 60m/ = (1.00m/s)
+=Z 0|3 24 (At HX|E E/S) 15m/ &= (0.25m/s)
ZtE =92l E/S 36m/& (0.60m/s)
= 201
|
Z: . MALE
§ 10!—
. D-.é.'_‘ﬂ:_ — "
10 20 30 L0 S0 80
AGE
O8 2-41, dyYE Hasp
E 2-13. AYE H|E ¥ 2dEE
Lt 01
L} o]
HIE (%) Bz (n/s) HIZ (%) B2 (n/s)
20~29 16.583 1.358 16.433 1.341
30~39 7.443 1.433 7.465 1.337
40~49 8.541 1.434 8.567 1.390
50~59 8.042 1.433 8.066 1.313
60~69 4.945 1.339 4,960 1. 241
70~79 3.907 1.262 3.106 1.132
80~99 1.349 0.968 1.353 0.943
& A 50.0(%) - 50.0(%) -
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E, X5t 25, XI5t 150 20T 2Z5tD SAF QY 33982 Sit A|ZhS DE{stH iR R ZE0|
x5t X5t 350l fIxS &E0| F222, 0|5 12{5l0] LY Z3 Eof hul QA2 HIXIGIHS.
ST 5He 42 1H2 X[st 15 HHX| 482 X5t 252 350l Hix|st . SAF & stxp ol i
x| Al Lto|e} Mg T2l 2-34, 2-355 15101 HfX| &,
2ol olelof w2t CHu| X}t vix| Al X5 120l 197, X|5} 250f£ 1158, X|5} 320 318 Q.
ol 24 ZIof w=m, TokXH(80M oAh) ol M olFoiH| °F 3%S XbX[StH I, st=e| ol
o2 of 2502 Mo, o= EA A3 oAFelol w=M Fojol A7 MA ol F5olM 2t 13.8%S
A8t AS.
ool 2 B ok 8.%E B Al B2 =S0| ERs5to] 2 ATl A olTol 13.8%0ll A 8.9%
£ =T 0.0123%E A Fojel ez MYsIUs.
S5 5HEES M st S5HAt AlEE|0o|M olF 620H & < 8HES EXHOE SdllA SIP2Z 0o|SstL
SAb QY Hix|et Z2 H|g2 X|5t 350l= 54, XSt 150 LIHX| 3HS HiX[5t¥ 1, HAe|HO0lE{S
0|235l0 SIP2Z 0|S5ts H2Z AlE20|ME RHGIUS
2 AT ALSEE otetd 157(e] YWREHAME(A)S ® 2-140 e Al 22 HASESZ MEE £
AS. 0|5 v =2 15| 25 Al Jts Qs MYsIgion, daHo|EE ol i AQAZIS
FH3INS.
0{7|M &Z7|= oAt I 80M| of|Atel okXyl MAl EHESHA Hix|St=dl, MYE Aol 2l
of w2l si x5t S . otetedol ®P=1 U= 3ofel de(Holel & 1th= X|5t 250 %[5t 152 A
X|X| o XMoo=z diZ 0| S5E.
LIHX| 2t= XI5t 350lM X3t 2522 0|S3te HoZ MAEo AS. Eot, da2|HolEf£ 82l O]
Aoz M g UM 7ot HAHSIEoZ S QR ME Al 13 28 Al of 10H el Qlflo| 13T of
mstctn 7HYstn AlgellolMe SIS
¥ 2-14. WEHH e HASS
WEHEo0| 4.65m (50ft?) Ojtd A< W2 Ho0| 4.65m° (50t2) oAt A=
(ST Units) (ST Units)

W=354%+3254

(Imperial Units)
W=0.66742+66.74

W= 2.454%+6104 — 620

(Imperial Units)
W=0.0467TA%+ 1254 — 1,367
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- ojm wwe cigel 2E3RE 2RE.

- M AN B2 ffn gHe 7 =2 fm FA(Shelter In Place, SIP)E2 #ASH siE ==z
X

ul Al A etez ofu AlZbol o BfO| &

k=3
-
- G222 TA SAl tu M2 MM &8 2l Al 27 522 SIPE =k vix[sto] A AE g

0=

oo = —
4 Al MAXSO| AL 2RE It EsTF9ez 2ol= T2 At 2l Al MAXe| tfm of

S HElE z2=tsto] thu Az Hasted 285 Y.
- HulE defHolee] M2 1Y E& Hs0| =He MAXS0| HY P2HOo[E{E 0|&E3t0 SIPL

2 oMM o|=357| S,

5.2.1.4 ¥t AlLiz|2 MF

O 7o 552 4H CBRE &+& Al Y2[HO[EE &5t Zf2fo| AlLl2[201 wWE oy 2AZHE
LHESHAL Bt

O AlHz|2= thal SIPut WM OB ALS o5, HE[HO|E2 HEZ SIUS.

- Al A Al + HE2[H|olEl £5E(0.5m/s), SIP(XISH 25)

- AL2|2 B : Al + dalHole] £E(1.0m/s), SIP(XISH 25)
- AL ¢ ;- Ak + Ae|HolEf £=(0.5m/s), SIP(XISH 15 + X5t 25)
- AL2|2 D - Algh + A olE FE(1.0m/s), SIP(X|st 15 + X5t 25)
5.2.1.5 AlLl2|2 AlE8lo|d Z1f
O AlLtz|2 A

AlZH =) olo| x|

()

Exited: 0/632  Density
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Exited: 35/632  Density
(oces/m”2)
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8 2-43. AlLt2|2 A2 AlSeiold ZAxt

o
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ZH=) ool x|

Exited: 122/632  Density
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0795
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Exited: 394/632  Density
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sty T
-li 182
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0795

80.0

Exited: 504/632  Density
(oces/m"2)

2788

2265
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—— 1775
g il i .
2y 153

1.205
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0795
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=]
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Exited: 616/632  Density
(oces/m™2)

180 . ;

1265

0195

Exited: 628/632  Density
(oces/m”™2)
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250 e

1285

0795
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C
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8 2-43. ALtz 2 Ae| AlEao|M Z o}
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LIFS

AZH %)
Exited: 631/632  Density
(oces/m™2)
298 E L
L‘ 298.0
O8 2-43. AL2|2 Ae] AlZelo|M Z o}
2500 T Foongs
R_OOM_EE
M
ll \\
) 200.0 T / \d~,«\\
c / \
5 / \
3 1500 T\ r/ \
@ \
O \ / \\
5 - / \
& 1000 T\ 1
£ k \
S \\ \\
= \ X
50.00 T \ \
\ \
\ \
\ N\
S ==
0.0 e - } R |
0.0 50.00 100.0 150.0 200.0 250.0 300.0 350.0
Time in Seconds
8 2-44. A[Lt2|2 AS| AlZtol| mHE Room 85, Room 95 A{AIX} ==
ESUMMARY**SUMMARY***SUMMARY***SUMMARY***SUMMARY***
Simulation: SIP(B2) ELE-0.5
Version: 2020.1.0219
Mode: Steering
Total Occupants: 625
Completion Times for All Occupants (s):
Min: 1.0 "00260"
Ma: 298.0 "00002"
Average: 79.6
StdDev: 45.0
Travel Distances for All Occupants {m):
Min: 0.6 "00260"
Max: 156.1 "00143"
Average: 76.0
StdDew: 36.1
J8 2-45. AlLt2[2 Aol w2 Al Sefo|M Z a1}

- AlHz|2 A= X5t 252 SIPLZ XMl X|st 35 & X[st 152 olglo| He[H|o|Et AE 0|8
st= A2oZ SIS, delHolE el == 0.5m/s=2 X|Asto{ 80C OfAre| QlF2f Fojjelo| E&sh=
ZHoZ 12,

- M ZuE EelstH | #A o A[ZEF2 1=, Zof oo A|ZF2 298%F0|11, B 79.6%F7} 225U
k=)

[
- 0| Hele 2 ols HelZt 0.6m, = ols Hel= 156.1m, B 0l& Hel= 76.0m2 LIEtGS.
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Exited: 0/632 Densit;
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Exited: 389/632  Density
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Exited: 622/632
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«

oces/m”2)
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2265

246.4

Exited: 632/632

2460

Number of Occupants

250071

T8 2-46. AlLt2|2 Be| Aol Z 1}

Time in Seconds

a8 2-47. AH2l2 B AlZtol| whE Room 85, Room 95 Af &AIAb =

A
'l \\
// \
2000 T { RN
J \\
/ 3
f N
150.0 T\ J \
\ 4 \
\ / \
\ / \
8 ) \
100.0 T \\ ./ \
X Y\
\ \
\\ \\
1 \ \
50.00 \ !
\ iy
Y M e
0.0 50.00 100.0 150.0 200.0 250.0

*ESUMMARY***SUMMARY***SUMMARY***SUMMARY***SUMMARY***

Simulation: SIP(B2) ELE-1
Version: 2020.1.0219
Mode: Steering

Total Occupants: 625

Completion Times for All Occupants {s):

Min: 1.0 "00260"
Max: 2464 "00011"
Average: 78.0
StdDevw: 41.6

Travel Distances for All Occupants (m):

Min: 0.6 "00260"
Max: 140.4 "00145"
Average: 2550
StdDew: 36.2

O3 2-48. ALIE|2 Boll w2 AlEE|o|H AL}

Foonds

FRoonB5
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- AlLf2|2 B AlE2o]H

O AlHEl2 C

skabol| wh2b =[of chm AlZF2 A|LFE|2 A CHH| 17.31% =0
A

—

Aot 2 ofjm A2 1x, =of tHul AZH2 246.4F0[X1, "o 78.0F7t
ols Hele #&

ols 7zl7t 0.6m, =CH OlF H2l= 140.4m, € OlF HEl= 75.2n2 Lt

=
—
TE AFHA 7IE 2 XSHE W H2|HolE MX|2l 1.0n/s FEZ iz
Al

atgh 2 Al HHE IVt Jtse Aoz EebE.

AlZHZE) olo| x|
Exited: 0/632  Density
(oces/m”™2)
B
215 I
251
L "
Exited: 103/632  Density
(oces/m™2)
B
25 I
21
2268
L’ ¢ ‘ 20.0
Exited: 251/632  Density
(oces/m™2)
s
213 I
251
/ =
40 = 1775
E . sl E z‘k‘k hdhe
T’* =" Ho.0
Exited: 575/632  Density
oces/m”2)
s
2738 I
251
2208

1775
ETETTRINTY
g
gh 1.83

.

a8 2-49. AlLE|2 co AlEefold Zt
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Exited: 614/632

120.0

Density
(oces/m"2)
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180

Exited: 622/632

800

Density
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Exited: 626/632
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Density
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297.8
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0195

055

a8 2-49. AlHE|2 o AlEeold Zxt
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160.0 |

1400 T

Foon85

Roon95

12007 !\

Number of Occupants

4000 T

20.00 T

0.0

a8

- AlLtzle ¢ Algdol
=L,
- sIp2 X5t 153} |5t
37.19% CTHE| Alzbo|
- SIPel &Y
- o) chm Azt 7|
- O|& &sll, SIPS
okX} L= ZEHoj 2l

—

O AH2l2 D

100.0 7

8000 T |

x4 O|E A

\
L

\

A \

P\J\" iy
o\ J \\
Ry \
\

|

\
60.00 T \ \

o
-

—— ~ it TN i

15;3.0 200.0 250.0
Time in Seconds
2-50. AlLt2|2 Co| AlZbol| = Room 85, Room 95 A{AIK} %=

ESUMMARY***SUMMARY***SUMMARY***SUMMARY***SUMMARY***

300.0 350.0

Simulation: SIP(B2,B1) ELE-0.5
Version: 2020.1.0219
Mode: Steering

Total Occupants: 625

Completion Times for All Occupants {s):

Min: 1.0 "00260"
Man: 297.8 "00002"
Average: 50.0
StdDew: 34.8

Travel Distances for All Occupants (m):

Min: 0.6 "00260"
Manx: 156.1 "00498"
Average: 50.5
StdDev: 27.5

a8 2-51. AlL2|2 Coll mE Algaold At

|7t 0.6m, =t Ol HEl= 156.1m, W Ol= HEl= 50.5m= LHEGS
258 25 AEY 49 g tul A2 2F 502 7|&E AlLEI2 A ofH|

AHE)

xxxxxx

8 2-52. AlLtz|2 Do AlZaolM Z o}
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200

Exited: 628/632  Density
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2795
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8 2-52. AlLtz|2 De| AlZalolMM Z o}
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ZH o|o| x|

D

Exited: 631/632  Density

(oces/m™2)

195.7 v

.

85

8 2-52. AlLt2|2 Do A|lEaolM Z o}

Number of Occupants in Selected Rooms

160.0 |
Floons

1400 T
12007
100.0
80.00 T

60.00 T \ \

Number of Occupants

40.00 T \

2000 T N\

TN T T T
;

0.0 + —
100.0 150.0

Time in Seconds

De| A|Ztol|l }FZE Room 85, Room 95 AHAIX} %=

=y |

200.0 250.0

a8 2-53. ALtz

S UMMARY***SUMMARY***SUMMARY***SUMMARY***SUMMARY***

Simulation: SIP(B2,B1) ELE-1
Version: 2020.1.0219
Mode: Steering

Total Occupants: 625

Completion Times for All Occupants (s):

Min: 1.0 "00260"
Mas: 195.7 "00003"
Average: 48.9
StdDew: 29.7

Travel Distances for All Occupants {m):

Min: 0.0 "00447"
Man: 1326 "00484"
Average: 49.7
StdDew: 27.2

8 2-54. A2 2 Dol mE AlEaolM At

AlLtg|2 D AlEelolM Zab, 4 hm A|ZR2 1X, =|of oim AZF2 195.7F0|1, B 48.9%7t
2= S. =M ols He|7t 132.6m, B 0l& Hel= 49.7m2 LIEGHS.

ALtz DE ALl ceF thH| dz|HolE{e| HE=ob skat=lD, ALtz Bofl CHH| SIPS| FHZMoO|
SAERlIS . AlHZ|2 DE ALzl A, B, C CHH| H Chm A|ZtO| <2F 38%, 37%, 2.2% == 1,
Z|of o AlZh2 2F 34%, 20.57%, 34.28% EH=US

O|& &adll, SIP2 X|ot 151 X|5t 25 ZF ALSSIHAM SAlof| Le[HolEel MAKEE Fate Al
g 2 Fof ofnf AjZio| 2F ZiAgh ot ofu2l, | Al A #ats £0{ oHHS tiu|Tt JtsE
Hez mehE .
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O ALzl ZAzf "o

olo| AtEe 22AIZH HIIE PIstol, 22 ZolN BUXES P2 siAsIH0, AEE HH O]
olelE X3t 35, x5t 05, X5t 1500 HhA SRS

AlBEolM ZDt AalHolel ST offol A0l BF I AlZke 2E KA Liet He &
T UF. sHX|8H, F oo AZE2 AlLf2|2 A, B, C, D& 22 298X (4.9682), 246.4% (4.10&),
297.8% (4.962), 195.7= (3.262) 2= UF. SIP /IXE 2 ALST HelH|olEe S5 HASH
AlLIZI2 DOl Eoh tHE| AlZFS AlLf2|2 A, AlLi2|2 Boll tb| Zb2f 34.28%, 20.57% BAIE2US.

o
532

- ZEWSHE TAe X|5tE Akl mch SHA AIZF X[Fo|AM OpX| 2 m| AT} A2 gEot=d 4
2, X2 st di7kX|e] AlZES 68222 Hetstn US.

- AlLt2|2 Dol wE MAH Al (el 27tX| #EE 25 THESHA

- 0|2 &Sofl €7 thu AlZt2 A2[HolEel £ oFEct= 2o Hix| E£= AHthkg &3 tiulst
X Mol X2k, RYh LA Al okA} = Fofolel AEEH HuE nefstctd Wz ol HETt
1.0m/s O|&F M 5toof CHE| A|ZF Gt S37F @535 A2 & = US

- 2t 2 AFollM= CBRE AMEH Al X|SHA AAlollM oz HE Al de|HolE{E &&st= Hdz del
HOIE{e| SHEEE AFMA Ao MAIStE U= 1.0m/s2 &8ss WS A oteh.

- Az2|HOlEf o] e X SIP #X| MHo| wE chu|Xt Mol SIPLZ o|sst=H £E AZH2 of
gl = 2-151 &=

F 2-15. AlLf2[of| w2 iz AlzZE
ALtz 2 Yo o AZE (X) o cHof AlZE (X)
At + AW Oo|E HE @ 0. ,
el Al ISU:IP(IX:OP ) 0.5m/s 29 6 0980
Ach + de|solH "_‘.:__ ©1.0m/s, 28,0 0464
SIP(XI5t 25)
At + diz|HolE] &= : 0. ,
f Sl;xlli L; e gg/s 50.0 297.8
Atk + diz|H ol &5 . ,
f s;(xlluéﬂr L; i 12%0";/8 48.9 195.7

5.2.2 A= Wl tHEAA =H =[x 4F Jto[=2tel (Jto| =2kl 7H )

O X, SSAIMe HIALEER YSHEE SLoX|2 HX== /X 52, O|88XIt fI=8F &
2olM AESHA thule 4+ AN BE XSS T8 T U /Aol Aofok . Shelter= EHm
AE dojet Zo| =82 5 A=K tiet T8H' T ST CIAIX|gh, F|aske| AlZieE Kol
ZE Qes 3 = Ucs R0 MH™=oof & 2 AFoME SSAIMEES oA Lo FHE
Hetst fIxle| thu| AlMot 370of M ZHEStD & CHoAlMdel JHde HMofl a6 AFs] 27(=2
5t

O SIP ?Ix MH

- SIP 2Ix M™2 Alg2old T™oM 7tE E25 24 F stugl.

- FEMA(Federal Emergency Management Agency, Ol= ¢igt Zjctat2[X) Risk Management Series &
Design Guidance for Shelters and Safe RoomsOl M= Shelterel ?Ix| M& Al J7I& Eet A & 5t
= Yot B2 AlEE 8% = Ue T8 (Capacity)” .

- SIP M2 AME HolM thes| HES Sdll M4E== 20| ofd, 32+ 72 & 52 HMelsh AEH
ol MM g SalM AHL=AS.

- Shelter7tX|e] 2= &7 HZ 7tsaliof st HA2oict EAE Hebsiol &
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g 2428FH 235 B3 Jtss ROoIHAM, 60m* o &@E& HF It Jtsw 372

Shelter= FH <
ar=Esl ok &,
SIPe 2 XH™H= X5t 2€ 2 1£9 RaMAMoz Z+2F 1,945m2 | 433m2 &.

E o
X5t 352 AsHE o7t 7El2 M= A0, At Ll Al o=z oleh 2&F mof 7t of &bE . ot

2tM, = AFoME XI5t 1E X XI5t 252 SIPLE XHSINUZ.
FEMA 4530f w2, CHu[XtS2| Shelter A& AlZHO| 24A|2b2 HEX| of HEX|of| wet =& Jhs 2

ol FHa2td.

SIP Ui ZHA AJZHO] 24A1Z7F oAt A2, 1218 A E AFSE A2 5.6m /person0|nd EE At
235t A< 2.8m°/person0| =t

ghad ZHAL A[ZE 24A1ZF Ojoh Al 30| EHE g FHE=z 1Y e WA olEct EM He
1.86m? /person2 2 &St UL, o Z7te] ==o| Ect FatE

Hitaloz 0ol EEHRSH 24A12F oL 2 B HAMZ MES F2 XI5t 159 172Y3} X5t 252
2, 37del golele ZtZ} 232.79% | 1045.69H 22 & 1278.48H0| HE = US

FmHo| ERsh 24A1ZF ojate] A, 25 FHUE AlEsictH st X[sh 152 154.64Y, X|5t 25
2 694.64H0| =& 7}5510] & 849.28H 2 =28 £ US

HlA AEF Al QR0 2 H{Z22E AU I XHEe| oMM E EXSH| 26 SIP2 Z[of QS
8% = A2 ARZREEH El Z7iolofol &, X|5t 250AM JHETE JIESR 2R AfCtE=
SIS MRS Mx[sClHE 2 FoatozE 2 Aol FOf oldel 625HE FEE = U222, 37Y
2 HMelst 13t 279 E SIPSZ X|HSIUS

O =& tioz &4

AMME U 2Y QX HZEE 2=HSH 252 2t ofu2t, SIP ZEVX| zAste| AlZtez T

=gt = AE /ARZE ME=oOo{of g

SIPEZ X|st 251t x|t 152 SAldl &8 ?é—or, SIPE X5t 25222t M= US HEct g
=l (0] i

}‘])ﬂ—] LH ];HJ,] },]}d ﬂ;ﬂ
AAAA 7ol =gl
Shelter in Place :

Guideline for Selecting the Optimal
Figure 16. ¥4 2 9% =57 343 A8

Location of Ewacnation Facility inside W59 Sheter A4 A4

the Facilities

Table 46. Atbel2 Coll THE A=A

AlZE
(&)

etell

9904 224 oiAle
25 23 hsehelol Bk

7] Shelters] FTH2 #
2 <+ 2lotek shel,
st Steters) 17

/&N SHELTER
X IN PLACE

Erihe o
Smart SOS(Shelter of Sustainability) Lab |77
F-ace Fab / H-5085 Center

a8 2-55 A fIx| MFE Jto|=z2tel

[=]
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of sf

st

—_ =
W/C S/a Unit weight (kg/m3)
(%) (%) Water Cement Fine aggregate Coarse aggregate
43 47 165 380 818 921
I 2-17. NSHSDC HH &hAd A
Unit Weight Fiber
Type | w/b | woter | Cement | Silica Fume | Silica Filer | Silica Sand o0 (O/)PE** SP
0
NSHSDC 17.2 0.215 1.00 0.25 0.30 1.10 1.0] 0.5 3.0
* NSHSDC = no-slump high-strength, high-ductility concrete; w/b = water to binder ratio;
SF = steel fiber; PE = polyethylene fiber; SP = superplasticizer.
¥ 2-18. AIBE Mfe =24
) Diameter Length Aspect Density Tensile Elastic
Type of fiber (mm) (mm) ratio (a/o) strength Modulus
(Lf/df) aren (MPa) (GPa)
Steel fiber 0.2 19.5 97.5 7.80 2,650 200
Polyethylene fiber 31 um 12.0 387 0.97 2,900 100
FE 2-19. AE He
Variable Details Notation
Normal . .
Normal Concrete with Shear Reinforcement NCS
Concrete
Top and Bottom Retrofitted with CFS CFTB
CFS Bottom and Side Retrofitted with CFS CFBS
All Retrofitted with CFS CFTBS
Bottom Reinforced with NSHSDC NSCB
NSHSDC
Top and Bottom Reinforced with NSHSDC NSCTB
* CFS = carbon-fiber-sheet
15 15
e
108I mim 2,222 mm 108 mm P 1
‘ 101 mm B .. - N8 S _
. & stirrup =
S J 3 A
Il
- ol ; B = D19
J J B’ Steel strain gauge 1 l
N
115 mm 2,208 mm 115 mm 1 ¥
h Th=125
Section B-B'
(a) 5% 2HA| (b) FAe| ctH
O8 2-57. B A|EA AbA
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5.3.1.2 A&l set-up

O Hsts Al™

- UTMS| 3= XS 222 500kNO| 2, Mt &=+ 0.2mm/se .

- HFo0|EHo| ZE MES MX5H04 XHﬁ} stE2 FHSNS.
H

- 52 o F 7iel LWTE Ax|5to] £Xf2

O Drop-weight 24355 A€
- Drop hammer2| M= S FAISHY| Il X|&™ Fof & 7o Z= A2 MRX|sI¥ T, O|ZFFH X[& g

S8l trigger
system

ZEIAMO[E]
& TISET

O 2-59. W 54 dsdIt Al Es
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5.3.1.3 B 7= AM&ZHDf
(1) 2 F=8x stz Ald
O 35 2 HA
- MotE AsZI 7Y stEel A NC 2 NCS FX{oll Al ZHZH 11.81kN, 12.88kNO| ZHA5I S
- BZr2 Zdgol w2l 48 st ESt ZUtsts &8s 29, ol EZE St wWE EXjel =7
2N mxom morE.
- Z|h5HEe 49 EUS TS EM= 25 97kKN ~ 100kNZ FAIgH He =z LIENE. ol EZ M o
ol o 10% HE HTHSHE0l ASE WS HIE & U
120
gl %
2 3
v !
! === CFB
o —FES
. . = « «CFTBS
NSCB
| ] ! | — — —NSCTB
L] 10 20 30 40 50 60 70 80
Deflection (mm)
(a) CFS & NSHSDC series
120 120
100 ' == Ly o
i e [P £ it s I T
R Y Fag = L e S ~5
4 / N, - / N h
% 60 p/ rog E 60 / d
H ) ] % 1
| 1 3 M i
$0f . 80 + ;
..r ," NCS ! — — —NCS
b ! === (FTB 2 b
2 | ——FES » .'; semi=h
) | | | — . L(FTES o " | | | ! ! NSCTB
0 10 bl 30 40 30 60 i} 80 0 10 20 30 40 30 60 0 80
Deflection (mm) Deflection (mm)
(b) CFRP series (c) NSHSDC series
J8 2-60. & Fxe 24 7[Ho wE Mots Algdnt
¥ 2-20. Hots AlgZn @9k
Specimen Maximum load (kN) Maximum deflection (mm) | 1°' crack load (kN) | Dissipated energy (kJ)
NCS 91.58 55.08 12.88 5.73
CFTB 100.08 24 .95 14.40 4.10
CFBS 97 .67 19.65 14.83 3.12
CFTBS 98.16 18.03 14.88 3.1
NSCB 98.43 16.39 13.83 4.40
NSCTB 99.38 14.61 18.14 4.48
- zldistEs Al 25 £l zcf MAY CFTB, CFBS, CFTBS FA{ollAM Z+Zt 24.95mm, 19.65mm,
18.03mm=Z 2Z+ Mol so{d| m2t A0l ZE0E= ZE2S 2. 0l EaMdF AES EZHA F
ol w2t = istE kA £Ael Zddo| SRE Hez2 EohE .,

_46_



- NSHSDCZ EZE ST NCS FA cChd| <k 8%2| z[CistE0| SXE WS =g = UZ. zistEs =
E Al Exof 2HASH X &2 NSCB 2 NSCTB Aol A Ztzt 16.39mm, 14.31mm7 | LA SIS

- NSCTB &= 7|& HE(NCS) chH| <k 75% =[cH X{&o| ZAsI¥ I, FRPZ 2 st £X| S(CFTB, CFBS,
CFTBS) CHH| 2k 41% Z0{EAS.

- NSHSDCE = Z+H=l NSCB SCTB A= NSHSDColl =Z&tE stolERlE M7el Ztwde=z 2lsl =|thstE
o|Foil &xio| Z X{&o| wryst

O ExutHol| e HEk

- CFS £ Exl= EZdHo| w2l CFTB, CFBS, CFTBSZ =R/35I¥S. CFTB % CFTBS XM= zltistE
0| %, CFSe| mct 3 ¢x82 Z32|Ee AFmiy 7t doits.

- CFBS £ = CFTB A chHH| E232|EQ| AFui= XA LYSIAX|CH, CAFFo| CFS 2L Ao &
Ztofl wE CFSel =7| Eteto| UAMSIY S, &F, Z32E 2 LFof & ZHo| WAt CFSet 23
2| E2| ef2|(Delamination)”Z} LIEFGCHE Zdel.

- §HH, NSHSDCZ EZst Bx= ZEzZtutiHof| w2f NSCB 2 NSCTB M ZE 2/t S . NSCB FX= 2AF
2ol cige| & fdo| e F, 32 E LFaiy It dolts. ole AME ZMFIE JtndEs
3lod, = 7Y ¢y o|F E32IE AFFo chpol fdo| FIlz MAEAY| 2.

- Hid NSCTB FAl= AMF NSHSDC EZHe| HEkFoZ NSCB £A tie| 232|E &FI 7| siXs| EHEUS.

O ¢ & of{Xx] &4 53 v

- Ductility Index(AMX|=)= ZCHSIES o|F £xiel 515 NMagsxHS Hiltstke o AL2EH, chSe
Aoz BEXjel Mg HItet¥ L, olHx &4 SH2 F 2-2001 LIERY US.

Ductility Index = ki) (1)
by

Ductility Index = il (2)
Py

- o{7|M ¢,= 22t 2i5tE 28 Al FxE 2ol LMskE ME S, ¢, ZHEE olFol Tz Fxjof
wdsts Zf XMEES oolstH 7= FAe AdsHE HEE XEY. ETH ¢, 5 SHE Al
SMStE P FAe| XMAS LERA Zdel.

- AMX|e "otols A1)z Al(2)e] 7[Fo| UX|PH, EIZE EMe ZOSHE olFolz Exiel H
so| AL 2Mst 3 MEA I oloEicks HolM A(2)2 7|FEez xR AME HIISIES

- Ol X| & 53 SIE-XA SMolM 2o est 2o HA XHS 7|FE2=2 5lof, O FHollA
Fxoz 2l pZx|el Holz2 T3S .

- CFTB, CFBS, CFTBS S£Aie| AMX|4== 242+ 3.72, 3.08, 3.020|11, ofL4X| &4F S22 282t 410, 3.12, 3.11¢].

- CFS2 st Bxils 2ZMEo| Sojdol u2h AMX|s & 01II-1KI 2 SEo| HAsks dEs 2ol 55
CFTB A= CFTBS FAH ChH| dMX|4= I of| x| A4 S240] 2F 18%, 31%7F st HE & = AUZ. 0l= CFS
o g 2ol w2l 232|E ol LT MRS FoiEUCLE, B2 2ol HEo| w2} CFSel =i A
s s0| welE7| Mol 232(E Ao 2Eshks olF S3o| 232(EQ| QA SHHE He HoZ HriE

- Bt NSCB 2! NSCTB FX{e| AMX|== ZtZt 4.60, 4.720|12 O X|] A4t S22 ZHZF 4,40, 4.48¢.
Z|t 35S 0ol F NSHSDCZ EZsH 2= (FS2 EsH ExEct AMX| 2 ofHx| &4 530 o =
2 HAS L F US.

O mrze ¢ 74

- CFSE 2Zst 2o mlajz=gs ZF2|E, M2, CFS U o ZA| Sol 2ofs Fakg g,




CFS2 HEZ& ZF2[Eel ouz== F uiy|, Z232|E Fukd|, Metoy|, Crsel & miif, 23

of 2H3I=. ghHol NCS A= & k27, CFTB M= CFSet 232IEJF 27
=]

HEtMo 2 (FSE &8t FMc ztistE ol Set W XStE Qlof, oL Z0| NSHSDCZE =
Zet Bt o M7 viEtE. 535, CFBS ¥ CFTBS £ CFSel R&cz #EsS 7ol &eld
UAZ

ol= #[thstS olF Z3ZE W7ol & Tdo| wdstol wal FIhHel gHdol LMK & 52473
Stsol #agt Aoz HehE

NSHSDCZ EZE FHM= CFS2 2Zet FAf the| l&Fol cieol fdol Llsd D, 7 %0| O
7 LIEFE . NSCB F M= SHE AMstHel ZF2E AFuy I LSS . NSCTB 7

=]
the] 232|E A=Fu27t E2E0lE AS &eled = US.

:l:

o ¥dsto 2, NSCB £

E 2-21. o et ol 2=

Specimen Number of cracks Failure mode
NCS 22 Flexural Failure
CFTB 11 Carbon Fiber Sheet Rupture
CFBS - Carbon Fiber Sheet Delamination
CFTBS - Carbon Fiber Sheet Delamination
NSCB 37 Flexural Failure
NSCTB 61 Flexural Failure

"No. o Crracks 6]
= 'L_,_‘ == "_

8 2-61. 2 AIEA ==
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Residual deflection (mm)

33.46

33.03

25.14

31.46

Maximum deflection (mm)

71.76

44 .66

38.36

92.19

44 .33

Number of drops

Specimen

NCS

CFTB

CFBS

CFTBS

NSCB

NSCTB

i o2 =

=P

a2 2-62. E A
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NSCB | T ~ No.of Cracks : -
(d) M= MREZD AMHE SEH=2 otF 24E 2 &X
NSETH T T 1 T T s | | No. orq’i—ajkﬂ 62
L A ' U ___I = '“- ! e tetl .Y MY | — (Y 1
LB fa%‘ﬁﬁﬂhum = b e i
() IMs MREZL AHE S Z2 MF, otF EZE 2 22X
O8 2-62. & AEA mhz=
E 2-23. X|™3s|MZt8 UFC-3-340-022| damage level
Specimen Support rotation (° ) Damage level
NCS - -
CFTB 3.70 Moderate
CFBS 2.30 Moderate
CFTBS 1.98 Light
NSCB 4.74 Moderate
NSCTB 2.28 Moderate
oyze 3 74
24 3 Zdbo|| 2|t Z2AE|Ee ZELAAE crater, spall, 2|1 breach O|ZEH Al JIX|2 FE¢&
2 ol
T A= .
crater= FZ4stE2 s Hel ZAZ|EJ ZREHMOZE M=o 5 mol= M0, spal |2 FE
stE2 w2 AlEA S oMol QS osl uti=l= M. ESE breach= crater®t spallel 2!
0|7} Z{ Z2IEIE AEAME BSsts dA0|H MM Z SefE XM F2 LIEHE.
HolMz= Fu stz 22 MEE sdstES @A =HH =2 shear plugZ7t &HM et o= st& A st
ANME AR ACi2[E 2oz dMsH Mok A#ds Zsind, ol= FAel Mot ZE2f EAgL0]
g5t MokE AMSH AleF o2 miy| AS Holclks MolA a2 &4kol ofst WoF Al ololl oist A
EJt gest
NSC % 3! NSCBOIAl= AlZtsH AR ol AT sHFol AJfE0] MRS
1M 9l 204 HZE Al Exjel AMZist #Yo| @MSict=E Mo EXMHE LHlol= Ao SMHE old
A ol
T A= .
NSCB= NSHSDCL| H=&F miy| 7} 2hdsioiE #ot ot 2l, AtFe| Alztsh s HME E9 s
Ab SIF TS NSHSDCZ H2Z+5H, NSCTB= FAfel =Z5A mu[st Hel gle & otd2t &Astsol cfst
MeMs0| 5 HAS 2 = US. NSHIDCE AR, stF SAld 22 Al 58t S4XNEE Hds
=2 70 = US.
e aN— <
(a) stage 1 (b) transition from stage 1 to 2 (c) stage 2

8 2-63. Shear-plug failure
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=
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NC : Normal Concrete
NSC : Strengthened with No Slump Concrete

NC

F
7

F : FRP Retrofitted
NF : Not Retrofitted

S

4
i
i

/

i

/
S : Sprayed FRP

j-E:l'l 2-65. Al 04;(.” _u_jltH

Hardening

agent feed Chopper unit

Heater

Resin

Spray gun

- EFAMR AIE
- MEE Ho| xHA e E sl azllY 2 st WHsHA st S
« O|ZA|l Z2lo|H FH} HEME 2:1 HER Y1, 2~327¢ IstHl A2 &, 24 F2o 127
Ht=2 1 10A[ZF Ol AF ASIAIZ.
- O|F EIMF AMEE Ho| $WEezZ MX B=E = o|F Zo| gl waoz RS S
- Sprayed FRP
- MzE Z32|Eo HEl EtAMF 24 2 H|UoAHZEE EASIAS
« BtAMR 2 3 A2 S7| oA ZEtsto], HMzE 232 Eof RESIUS.
s BIAMR AES LAEE Esto, 2L FHE 6mZ XHSIUS.
c AFEE BT W Rl 22y SMH2 ® 2-250 LIEHUS.
- M s AHE 238HA (NSHSDC)
- FztEl Za2|Ee| Aw 9 stHe 24zt 2omd FAME %, NSHSICE EFESIS.
« NSHSDCOll= ZA 7 % PE M7t AIHE Sochid] Zk2f 1.0%, 0.5%7F S L=EUS.
¥ 2-25. AIEE Ms 2 e F2ld EA
Carbon fiber Resin
Series
Sheet Roving Epoxy Vinyl ester
Tensile strength (MPa) 4900 4200 90 8.8
Elastic modulus (GPa) 230 240 30 7.3
Ultimate strain (%) 2.1 1.8 8.0 4.5
Thickness (mm) 0.167 3 - -
O m 22| Drop-weight SAGHE A ™ set-up
- AEx =0l Potentiometer, 20|A EFIS| Linear Variable Differential Variable (LVDT)E A X|
sto Exje] 5 HE FEME. S H <= 7HolE o FEtsto], AFYHsio w2 YHYstEe &5
£ EHoINS. AIrYstol| ost HotEe| o == 2F 6.3n/sel. 54 Holl= 71 32 2000kN2
Z2E Mg MX|sto], JI6lEl E5ASHE S HASSIUS
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SLaser LVDES,
Potentiometeérs

Accelerometer

a8 2-67. T 2 A AE set-up

2| 2|
He Y URBIRS. HEEE RUMS S S T, AR

S5t slo] BZBES IS, 2 Sl B SHS 300kg, S5 EOI(FSLE)E 2000mE
SUsH MEste] MAElS Y

- ofb| AHZDE Ssf, AW St £0| 05t HHoIME AlFH Sl BRIl MBS ol
oof, mEtM GTHE(R BE L TR HH)O LYSHE 0| oMol HESE MHS FHIHUS
57 Mgol BB AMS uTRe HE WY 9 FY LM, 2 HHS Suet B o1 LY E= 5
2515 2 U 150l BX3 ULE JFEOE BAUS

(2) 2 M&z
9 515 2 M7

- NC-NF AIBAHIE 18] EFHOIM 223k mavt LANEo RN, TR HAS SHEA 23U, Spraved

2
mjo
kl
i
el
¥
o
o
m
N
>
2
rir
H
rn
4o
=
=)
x
40
Ral
9
i
fim}
na
=
3
I
o
mlI
0=
o

H 2-26. B Aol WE 57 o v 515

Test Impact properties Cun. Impar ted Max.
Specimen Blow No. Energy Reaction Force

H (mm) F, (kN) E; (kJ) F. (kN)

NC-NF 1 410.10 5.89 -
1 636.88 5.89 266.63
NSC-NF 2 450.13 11.78 216.97
3 281.52 17.67 170.35
1 587 .50 5.89 206.84
NSC=F=S 2 2000 298.40 11.78 217.14
1 637.58 5.89 187.16
NC=F=S 2 369.29 11.78 212.64
1 611.97 5.89 186.36
NC-F 2 320.96 11.78 225.52
3 282.16 17.67 176.20
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H 2-27. B4 =0 w2 =i ¥ R HE
Mid-span displacement
Test members | Blow No. Max imum displacement Residual Displacement Ratio of
(mm) (mm) A s D e
NC-NF 1 23.47 - -
NSC-NF 1 18.77 6.39 2.937
2 27 .65 14.07 1.965
3 20.12 4.92 4.089
NSC-F-S 1 18.89 6.24 3.027
2 67.29 67.24 1.001
NC-F-S 1 17.91 6.57 2.726
2 51.96 37.6 1.382
NC-F 1 17.31 5.92 2.924
2 23.80 10.15 2.345
3 19.33 19.29 1.002
- BFEEERHS JbE Al RRo| LASE AT ¥ FE M2 NSHCE AFSHE BB NSC-NFOIAL 7HE
et HAE HOE EUS. A5IEE 25 NSHSDCZE EZe AR JH& =2 58 2 2 HEZ 7|
et = UF. 0ol= NSHSDCOl| ZetEl 7 2 PE 77t AAZE & O/M #€2 S3&2 2 Hof
5t ZZoHX|E BExf Mo DEH EAAZEY| 2oz HiohE
- AEA LEHo| BAMFAIE 2 Sprayed FRP E et Big=Eo0i H|5H NSHSDCZ EZst= H=olM =
2 34ots52 LIE I, NSC-NF= Bt stE0| 266 kN2 EH=20{, 0|= FRP %! Sprayed FRP
2 2Zet FA o] oF 28~43% 2 w42 2
00 tii)
aen — Blow# 50
2 a0 Blow#2 E 200
o 10 Ptz P
3, g § 100
= s = s
g 8
] o L | L -ﬁ: 1]
1. MW\”' 5.
100 -100
150 150
(1] 20 40 & (1] 20 40 0]
Tune (ms) Tune (ms)
(a) NSC-NF (b) NSC-F-S
300 300
_ 250 ——Blowiil 250 —Blow# ]
B anp 5 ag ——Blow#2
i_,: 100 _E 100 \L
5 0 = 3 \ “,“
E=R B !,vk' (1 t
g - g | W % %’r"
=1 [+
100 100
150 150
[4] 20 40 o [1] 20 gL L]
Tune (ms) Time (ms)
(c) NC-F-S (d) NC-F
a8 2-68. Bt HSo| WE ASE U 5E
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% (s Mo, Dellection (1) i o s Ao, Deflection .
. 0 e Res. Deflection {mni) s 100 | s Res. Deflection Y
= . v : i : i g
= #* |-@-Ratio of Amax./Ares .-"/ g _’} E k= Ralio of Amax./Ares 37 =T
£ 3 z g % .. P Ty
£ 4 : 2 4
g 20 = 2 Sl
= | o g LS o
w = (-~ ‘
i E z 3
] s
(1] 1]
1st Blaw Iud Blow Mrd Blow 151 Blow nd Blow
(a) NSC-NF (b) NSC-F-S
120 15 15 - .5
e Man., Deflection ; o s Mo, Deflection (1) :
100 | w Fes. Deflection . =i [ Res, Deflection (mun) o
= ‘ Ratio of Amax. Ares AR E # |.-@-Rafio of Ama/Ares ol
g an i : 5 E1H] g 3 5
et - 25 P g 1 2 2
£ 60 = ZEats
B 2 "',3 o 20 L
o w LS o ?" 15 15 &
< -] -~ =
8 - e LR~
0s 5 0%
o ] 1 1]
a8 2-69. EtA sigof mE ASFE ME 2 M|
O zltistEnt o4 X| 28 539 2hA|
- SA0HX| 7t bl X|H, EAoll= HEo| HMSIHAM FSHoHXE 24HA A
- Aol oY S SHHE HAl 2= SAoHX|IIE TIsE Aol FAjoll Zdstes HE2 ol X A4
Saiujel AnpAE B9
- Z|Cjekad SHE2 NSC-NF SRl 7Ha =H FSHE=EAJS. olofl 158 EfA Al ol X]| b Sa2d st
NSC-NF FA{ol|A Z+E I S =}, vhe 550 o X| &4 SHItel MaAHE 2
- NSHSDCZt EZE Z32|Ev M7l 7tudez ¢lstod 4o Mg dMstn, 3HE MEuAIA
w2t dge| I 7HE ol Eo|X|2H FRo MZsH &2M42 =Held = s, 0l= NSHSDCZ
B 2ol 54 MEMS gate ololst 18 2702 Sd Y & US
- &5 olHX= &4stE0| 7t Xl st A7 S8 & ol Xx|el X2z Oi5tE0| Tl A= X
HollM ExX7t FEAZA muE el ofqXet 2 el o] @2 M=zl ¢, HdMdg HERfDD
ol
=
300 4
2
2 &
i)
= 5
25
—_ =
5 100 =1
pe= 1 8
=
(1] (1}
NSC-NF NSC-F-5 NC-F-S NC-F
O3 2-70. 13| EtA Alel =0 gHstEn of X &4 S| AatakA|
O X™3|d2t
- 0l= UFC(Unified Facilities Criteria)oll WA[E X|H3|™2Zt Damage leveloll w2}, =& EIH T=
AEOAM MREL AHE S =2 astHs 2248 FMolM= Light damageZt WHEHGCHD EEFSH=
g, et 7 A|E 3 Sprayed FRPE2 EZE £ oA = Moderate damage”t LIEtCICED = = US
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. Total Weight [l Weight Loss

Weight (kg)

NSC-NF NSC-F-8 NC-F-S NC-F

O 2-74. & BN EF &AE

2 FAet # 7R =2
A

5.4. Task 4 : HE|H|o|EE &Iet BER &HEHI[z L (Fto| =2t

O

T HlAH20| el wER]

b= Oib| 50%E W HolAM mEo| Hel wid

o
| e Txee BUY Z

HAl)

|2 X5t S2tol ool et SIP7EXR|Sl otMEt u|d 20t T /UZ. 9.11 HiZ ZAl A
Ate| oF 12% HEJL HelHo|HE S tHulst 1, NFPA & IBC Codedl M= CHu| & AWa|H|O|E{2| LY
0| #5E. uf2tM, = dFoM = 22/ Hedgez MdEstn AW Oo|HE 0|E35t0] thufAlM
2 Huste Aoz g
A HOIHE =of S7t2 St thul Al Ae|Hole Fol S7ke| H|&& Aotz = ATE Sof 2
T2 ofog = AXe, o/F HE 2€d Al X5t S22 SIPLE &-&5to{of sto{ Fofel s ot
Az HHE FZOE ST oyt 27ts¢.
dz|Hole] FOIE S Hu7t Jtse WE oF2 HEZ ¢lgt 232E H|&=0 Fefstn o=
Z Y iz ofolE # AZ. HTFH 2 AFoM cfFED = XSHE AAtet 22 S0C AlMdE2
MES=z da|Holef Fojo| &0 ==X Y1, Eot ARTEIISS dil ZHE HESPVIE
CtE de2|Hole XM E &&= Aol EtEsicte oHdE sHSIUS

1, 12 Zzf 8o « o=

w3k, WalHolE Zo{E BEEI o Yz|HOIES ABE & Ul Ho
otxtel tha AlZkE B

DYt AlBl2 FeEol wet, =9l ool 80| BrtEtn Yo
=

[}
o€ &8ct SUEcks deHolHE S thul7t Hi2tx gk

— o (=]
et , defwolel Zojzel XY 20| ofd HZIHOIHE St 2=
mebe

2, woAte] WP HIAE Al 3 warol oS0 FS0 A HAS
B, ZuloIME ML AL S Al S0l oM 9IE SZT(of) T
HOlEl= I8 ALBEX 2D US.

=
2 0| 2He o7}

M Botst AUS.

olx HAMoz WalH
oAl BZoh AFe. £}




7ol we dafHole EFsd

FH
"
w
(en]
nx
Rall
|'O
Hn
$o
O

uxee | B | BH8 | Wojelg | ay 3xg | HAHOf elzs oz 8 7|et
() | () | (o) (ch) (cH) (cH) (cH)
15 38,224 | 18,279 7,925 8,526 234 7 3,253
16 45,120 | 21,311 10,112 9,343 248 19 4,087
17 48,789 | 19,255 12,997 12,057 315 23 4,142
18 50,497 | 16,891 14,462 14,786 362 36 3,960
19 44,603 | 14,967 14,929 10,071 548 74 4,014
20 10,455 5,028 3,304 721 197 0 1,205
A 726,795 | 273,033 | 188,892 155,576 4,073 161 105,060
5= (%) 100.0 37.6 26.0 21.4 0.6 0.1 14.3
O ®% M3tel 27| HADIgel 32 57| oFF Botel SHAXR(E 2-30)0 oI5t #X ol

& 2F 726,795 204, =2 5 St Aa[Hof

2 7
. Ool3 gt TUel &&e nae o SA cfuAlMol WIHOIHE ST thyl

A tuAMEE2 =21 H2 2 Al d2(Hole{E ZSSHA| 2of, oim AlZb E7F & tud=Z9
A ol dzpet A&, wetM tuE AW olE e HRE Sof oAl ofZloto], AdtF, F
ofelel cHulof &&=ojof . FII2 LutH o=z X|stE AAtoAM de[H o= dERISE 2IE &

=
=7F otd Zoflojut wokkl, AMESES 2t EXLE ALESIZE HEIF A Ae[H|olEof sk

-

S A= UAS.
2t = AFoM = ALZ|2E deHolH &#& ofF X deHoly HZxo e AlZeoldE &

SR . A Y T =R, MF, HojelES A T SARE JIESE MFsE, of

Ha et
5.4.1 Tt AlLIE|2 MY
O 79 ZH2 AH CBRE &g Al de2|Ho|HE &850 2+2te| AlLfz[20] wE o4 22A7ks
LHESH AL B
O AlLtz|2= de|H|olE AL 0fF, Az[H|olHol £EZ IS
- ALzl A AT + delole fE X
- AlLtz|2 B @ Algh + delHolel £5(0.5m/s)
- Azl ¢ @ Algh + delHolel F=(1.0m/s)
5.4.2 AW OlE{e] Thm ZEMA
O dpxloz de|HolHe £7| £E= BI7t6tcyt olF £E7t W60y, olF £E71 EO&
O &% op™a) 715 o2 ANz Mol 7t45E & Ho| H&Ex 77k HE.
O ©o| 72t o|=, HEHolHE SH2SS &
O ™ol 7zte| "lg2 HdeldolHe| ols Hz|7t 25 1 Xt E20&F
O ™ol &= 72 ol=, delHolefel 20| E3sl= JHH AlZto| LA
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Velocity(m/s)

N

=

Transitional
Acceleration

Constant Velocity

Constant_ g |

Transitional
Deceleration

Leveling
Constant_\

“Acceleration |

I Deceleration

Time

a8 2-75. AE|H| 0l E

]

5.4.3 Z7HE 7| &0l e of&k tix Alzh H{m

O 7ol 552 4 CBRE &8 Al Y2[Ho|EE &E5}0]

LHESEIAL B

O A= H2|HOoIH AtE o5, A2 olE e %

5.4.3.1 AlL2|2 A : Algh + Aa|Ho[E] £ X

O &= : (B50157(2013)_CFDOM (Code for Design of Metro)

Ztztol Alut2| 20 wE of &k QA7

mjo

N
=1 0.9[A18\17 1%: 4,8 < 0=

@ ¢ ER U sA

Q0 SEE Y XY

« A, 1 Abs olaZeolEe M2l =2

. 4, : Aol Hzl 48

1R AIZH RSk el BIAEE Al g AlAHl OjE #S AlZke DX

« N @ ol2ZeolH =

- B ATl & 2

-B30i| A B2E 0| &

321

T=1+ =1.944%
9600 3700
0.9[ 60 X0+ 60 xll.?]
- B1olA B2Z O|=
_ 199 . —
T=1+ 09[9600x0+ 3700><38} =1.88=
’ 60 60 ’
L T=1.9442
O o|= : NFPA 130 (2014)
N

Io

tal

=T+W,+ > W,

i=1
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H# 2-31. B3ollAM B2E 0|& Al tjnf @4

o 24 Z (mm) me =S (p/mm*=) T=EY (p/&)
A (4) 11700 0.0555 649
offA~ZzaolE (0) 0 0.0555 0

# 2-32. B3olA B22 O|F Al A2l & oix £

o| SA|Zt el (m) == (n/&) AlZH (&)
SUE T (Lgkel) 83.2 37.7 2.210
SZE T1 (2R} 83.2 30.0 2.773
B3->B2 (uHQl) 4.64 14.6 0.318
B3->B2 (-2tX}) 4.64 1.6 0.400

- F, (53& dim AlZh) =321 + 649 = 0.495=%
- W, (5ZF &7 t7IMZ) = F, - T, = 0.495 - 2.773 = 0.00&
- & i AZb= 7+ W, =2.773 + 0.4 + 0.00 = 3.173&

HE 2-33. B10Al B22 O|& Al O 24

o 24 Z (mm) m& =2 (p/mm*=) =2 (p/&)
At (4) 3800 0.0555 210
offAZzafo|& (0) 3530 0.0555 195

H 2-34. BIolM B22 0|& Al He2| & e £

ol =AlZt el (m) £E (m/2) AlZH (2

B1 LHe| o|SAlzZh (Htel) 36.7 37.7 0.973

B1 LHe| o|sAlZE (Zofel) 36.7 30.0 1.223
B1->B2 (gl 4.64 14.6 0.318

B1->B2 (Ztofi¢l) 4.64 11.6 0.400

B2 Lo ol AlzH(detel) / JH&E= oA 31.6 37.7 0.838
B2 L2 ol AlZH(ZoHel) / 7H&E oA 31.6 30.0 1.053
B2 Lol ol (uetel) / JHET olF 17.2 37.7 0.456
B2 Lo ols(&ofel) / JHET olF 17.2 30.0 0.573

- F, (SZ% tuAlZh) = 199 + (210+195) = 0.4912

- W, (58T &7 I = F, - T, = 0.491 - 1.223 = 0.00=
- Fy (OHET 7S AlZH) = 255 + 400 = 0.638%
' = 0.638 - 0.491 = 0.147&

- Wy, ONET2 tZIMZY) = Fpy - F, =
2

|

B
=2
H
=

b= T+ W, =1.223 +0.4+1.053 + 0.573

3.396&
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O gd=

: JIS Railway standards

];orai — Z[z - ];—max

- B3olM B22 O|s Al CHu| &~QAZF

t1 t2
HH/
ST = = B2
ofl AZ 20| H
T1 T2
E 2-35. B3ollM B22 O|= Al CHm A~QA|ZE
o d 2 t1 (X) (= t2 (X) T2 (%) e AZE (XE)
A 132.8 20.5 26.1 20.5 199.9
B 90.0 20.5 26.1 20.5 157 .1
C 90.0 25.6 26.1 25.6 167.3
D 166.4 18.9 45.5 18.9 249.7
- B1ollAl B22 O|& Al I 2~QA[ZH
t1 t2
A/
B1 = = B2
ol AZ 2| 0| E
T1 T2
E 2-36. B1o|AM B22 0| = A| CfIm AQAZE
od=z t1 (= ()| t2 (=) | T2 (=) | t3 (=) |13 (x) |14 (=) | EHe AIZH (=
A 73.4 21.6 31.8 21.6 63.2 281.4
35.4 34.4
B 72.4 20.2 25.8 20.2 51.0 259 .4

. SIP Ix[7F B2 mie| chu| AlZE2

oF 281.4% (4.698) =2
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5.
O

U1

53

tr

t?‘

4.3.2 AILIZI2 B : HE + B2[HO[El S=(0.5n/s)
Auimoz e 4o (RS F2 B S

2. el 2 AT A= Specific Flow(F)

=ty t ti, (N - Ny,) =4+ (10 - 4)= = 10=

i0

ShAF AlZH(t,)

=ty *t ti,(N - N,,) =4% +0.6(10 - 4)= = 7.6%

CHZIAIZH(t,)
= (t; +t, +2t,)(1 + p)
= (10& + 7.6%X + 2 x 4.6X)(1 + 0.15) = 30.82=%

HEO|SAIZH(¢;)

=0.6 x 0.5=0.3m/s

-
=(—)
a
0.3 )
= (=2) =1.0%
( .3) 0
V2
= (2*1 )
a
_ (. 03% o
= (2*0.3 ) = 0.15m
Ve — Vi
(2* Vl*a)
0.52—0.3° 3
= (——22 ) +1.0=1.889=%
(2*0.3*0.3 ) 0 889
1V
= (3_a)( v - Vi) + S
1 0.5° 5
= (o 2 (0.3)*)+ 0.15 = 0.51
(3*0.3) (0.3 (0.3)*)+ 0.15 = 0.513m
S,—28.
= 2t2 + M
9%
=0y 1889+ 2047270513 _ L phex
0.5
HMAl 2712 2QAIZHt,)
=ttt
=11.006 + 0.5 = 11.506%
eh= 0| EA|ZH¢,)

=2t + 1,
=2 x 11.506= + 30.82 = 53.832=%
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O ol Sdll %[5t 350IA tHu|At7t L[| o|Eol E&et & XI5t 2501 A thufXt7F W2 H| o[Efoll A Cf

Al Stxtstd, X|st 3522 0| &% 13| oo &A[ZH2 2F 53.832x ¢,

5.4.3.3 AlLI2|2 C : A+ A2[HOo[E]f £=(1.0m/s)

O & AT MHE otk Lo Ae|HolE{e] £+ 0.5m/sE2 2= AUS

O AsMA AN 2 X|otE el Hde(H|ole MAo wm=H e o|Ee HE+ 45m/& ~ 60m/&,
= 1.0m/s7HX| X EE = US.

O watM Aol et Atte So &2& Al H2[HolE el £EE 1.0n/s2 ALtsto] o & thul AlZbs

O
n
0jo
10
1>
ro
e
n
=
o
m
1o
I
H1

£ 1.0m/s2 XF ol wah, ALkEl off&h oo Alzhel.

=ty +ti,(N—N, ) =4+1x(10—4)=10=

=ty,+ti,(N—N,, ) =4+0.6x(10—4)=7.6 =%

- HiZ[AIZH(t,)

=(t;+t,+2t,)1+p)=(10+6.4+2x4.6)(1+0.15) =29.44 =

- HEo|SAIZHt5)

UIZE—OGm/S
1
_4u_ 06
b= a 0.
(v)*  (0.6)
S Pt Wil
(v,, )" = (v,)? 12— (0.6)? _
tz——%la t = Soexoa TP T2 E
S - L ?'L*UQ-I-S: ! (1—3*06)+045=1538m
2 3q ! 17 3%0.4 0.6 ' '
S— 28 64—2x1. _
t = 2t, + %=2x2.833+ 4.64 21 1939 7908 %

M S2712 £22AZH¢t,)

tp = ts t ¢, =7228+0.5="7.728%

(=} —

- &= 0| SAIZHt,)

t, = 2tp t t, =2X7.728+29.44 = 44.896 =

r

i 52712 s #H k= AIZE2 y=1m/s,a=0.6m/s> 7|F, 2k 44 896F7} AR E
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O &= : (B50157(2013)_CFDOM(Code for Design of Metro)

- B30llA B22 O|=

321

T=1+ =1.49%
9600 3700
O.Q[WXO‘FWXll.?]
- B1ollAl B2Z O|&
. 199 . -
T=1+ 09[9600><0+ 3700 XBS] =194«
' 60 60 '
L T=1942
O o|= : NFPA 130 (2014)

- B3ollM B22 0Ol=

¥ 2-37. 0|= Codeoll [}ZE B30IAM B2Zo| tHe| =3
oo 4 Z (mm) mme TS (p/mmx=) T8 (p/&)
At (4) 11700 0.0555 649
ol AZzolH (0) 0 0.0555 0
H 2-38. O|= Codeofl [}E B30IAM B2Z2| CHu| AlZt
ols &M el (m) == (n/2) AlZH (2)
SZE T (YBkRl) 83.2 37.7 2.210
SZE T (FOfQI) 83.2 30.0 2.773
B3->B2 (HH2l) 4 .64 14.6 0.318
B3->B2 (ZofQl) 4.64 11.6 0.400

- B1ollM B2E 0Ol &

W, =2.773 + 0.4 + 0.00 = 3.173%

¥ 2-39. O|= Codeoll [FZ BlolM B2Z O|& T =8
o 4 Z (mm) mme = (p/mm*=) &% (p/&)
Atk (4) 3800 0.0555 210
ol Az afolg (0) 3530 0.0555 195
s HEA che| =8 = 504 /&2 400
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I 2-40. 0|= Codeoll HE B10lA B22 O|F CHu|AlZt

ol s AlZt Azl (m) =T (n/2) AlZk (&)
B1 Lol ol (Ehel) 36.7 37.7 0.973
B1 el ol (Zofel) 36.7 30.0 1.223
B1->B2 (& ttQl) 4.64 14.6 0.318
B1->B2 (Ztofel) 4.64 1.6 0.4
B2 Lol ols(utel) : JHET ™ 31.6 37.7 0.838
B2 Lol o|S(ZoHel) : JHEF ™ 31.6 30.0 1.053
B2 Lo ols(utel) @ JHEF olF 17.2 37.7 0.456
B2 el oS (Z&oHel) : JHET o= 17.2 30.0 0.573
- F, (SZ% thmAlzh) = 199 + (210+195) = 0.491F
- W, (58T &7 oAz = F, - T, = 0.491 - 1.223 = 0.00=
- Fp, (W27 73 AlZh =255 + 400 = 0.638%&
- W, (W& th7|AIZH = Fy - F, =0.638 - 0.491 = 0.147&
-5 EAIZE= T+ W, =1.223+0.4+1.053 +0.573 + 0.147 = 3.396=
o T=3.3962
O &2 “JIS Railway standards”
- B30l A B22 o|E
t1 t2
Agh/
B3 = ofl A~Z 2| o] = B2
E
T T2
I 2-41. L2 Codeoll 2 B30AM B2Z Ol AZYH Chm Azt
oz 2 S T (%) t2 (X) T2 (%) e AZH (=
A 66.3 19.2 21.3 19.2 126.0
B 45.0 19.5 21.3 19.5 105.3
C 45.0 24.0 21.3 24.0 114.3
D 83.2 17.7 28.2 17.7 146.8
- B1olAM B2Z Ol
t1 t2 t3 t3 t4
B1 = | At/ olaZeolE = B2 = e = >
T SIP
T1 T2 T3
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I 2-42. A2 Codeol|l wHE Bl1OAM B2E 0|5 H=H CiufAzt

Hodz |1 (XF) | T (R) | t12(F) |12 (F) |8 (X) T8 (F) | t4(F) | 2R A (F)
A 73.4 21.6 31.8 21.6 63.2 281.4
35.4 34.4
B 72.4 20.2 25.8 20.2 51.0 259.4

T=4.692

O Al23o[d: ALiz[2 A (AE + A2[Ho|E HX X)

ALtz A9l AlSaolMd Zob, =4 thu| AlZE2 11X, =|of tfx AlZH2 313.9F0|12, @ 79.7=7}
2=} F. ol HEls #L olF Hel7t 0.6m, =i olF HEl= 146.0m, o Ol& HEl= 75.5m
2 LERES. 8HdoE Se ols2 ta =70 Ex

2. olm, =[cH cHx| AJZh2 313.9X 2 Ofof AWz|H|o|E

e

&2 =0 ™Al i Alzk2 SItsHA

]

St ojmJf Z2esicty mekE

— - —n0-

O AME8o[d: ALz B (ATt + H2[Ho[E] =X @ 0.5m/s)

AlLtz|2 Be| AlZaolM 23, =4 thm| A[Z2 1=, Zof x| AJZH2 298.0x0|11, Hd 79.6x7t
2=, ol HEls #4 olF Helzt 0.6m, =i olF H2l= 156.1m, o 0l& HEl= 76.0m
2 LIEIRS. deEHolHe W2 ols Hxolz =75t Fof thm AlZh2 AlL2|2 A tHE| 2F 5.13%

HE 20 thu AlZh2 E2UE.

O MEdo[d: AlL2|2 C (AlEh + L2[Ho[e =X @ 1.0m/s)

AlLtE|2 col AlgalolMd Ao, =4 hu AlZh2 1X, Z[Of x| AlZH2 246.4%F0|1, "W 78.0%7}

2R2=FHAUZ. old Hel= =2 ol Helzb 0.6m, =i olS HEl= 140.4m, B olS Hel= 75.2m

2 LEIGS . dalwolefe| eatEl ols HT 2 Z[Cf I A|ZH2 A|LIE|2 A, AlL}2[2 Boll CiH] Z}

2t 21.50%, 17.26% =015, delHolHe £EE A=A
% A

1.0m/s T2 12450 CHx

z
=
N
M
40
Ral
ol
Mt

d L A2|HolE Mx|el

vefetctM CBRE &tE 2l Al #hE tju|7t Jtse Hez HEHE.

5.4.3.4 A4t A3} HjW

O 52 3=E tim Al 53 & Afole thm Alzieke Dafsiod, olof wat & olofMel Chm Alzte
Hatste dols 3A7F e Hoz moiE
O o= =s EB2ol w2 A weol o XMl XMAIE0l Ycks Mol oflak thI AlZFo| Cha
2 g2 B9
O of7|of o|2n} AL =& AzHolElE S5 o|SEC ATk S3t Alzto| Of x|ujxol2z, & of
o Alzboll= Algkg S8 chm Alzbo] BHEl g &old 4 U2
E 2-43. 27pH A ZEo| mE I A7 H|D
274 | et (2) | Ao+ desole SE 0.5n/s (2) | HE+ AalHolE S 1.0n/s (2)
= 1.94 3.080 2.885
o|= 3.396 3.396 3.396
o=z 4.69 4.690 4.690
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AlL2l2 cE X5t 35 2 X3t 152 elels dalwolel, Algt, olAZaolElS o850 XI5t 25
o| SIPCE Cfuste HOZ U

da|HolE{e] £E= 1.0m/s2 X|&5t0{ 800 o|Ate| 91T} mofolo| Efaste HoZ st S,
QZ|H|O|E{ 0|8 CHZof w2 CHu X} MA0| SIPCE O|Est=r AQE AlZFS F 2-449 ZH2 . £
o AEt2 AQA|ZF H|IE £|510], Z+2 ZZHoAM EMXE BEQ 2 Hix|5tH 0], A= EF 0

{5 X|st 35, XSt 25, XI5t 150 XSt S .

[=]
Algefold Z1 daHole RF X X ofFof &ztglo] "o tim AlZh2 25 FASHA LtEHG

ALtz 2 CollM =[CH cHm| HZ2[7F 140.4nE Ol S35t L, AlLt2|2 A, AlLt2|2 BolM = Zof x| 7
2l= 22t 146.0m, 156.1m O|&Stof, A|L{2|2 C CHH| 2k 9% of&k ols HE|7I H AEe & = US.
Ol AlLtz|2 Cof tHu|A=EIF AlLt2|2 A, B tiE] 28482 As & = US.

A, B, Cel =[cf cHm AlZh2 Z+Zt 313.9% (5.23
=), 298.0x (4.962), 246.4%X (4.108) == AUS. ALIEIR2 C= AlLIEI2 ARb AlLI2|2 B CiH|
Zof chx Alzbol Ztzt 21.50%, 17.28% Z+251%5 S .

F 2450 2™, I A8 ‘EAEE ZAE E of Al oA XI&(2018)" =} oj= AH
‘NFPA 130 - Standard for Fixed Guideway Transit and Passenger Rail System’ OlA= A} Uf &t

A, X, HE S A AE 2l Al S Fol A MAXE2 4= OlLHol SUEZT SIS E HustE

< =

de[HolE e 77 X HT ofFo wE ALEL

-

flot
o>
rEl

£ st Aen], AAL Wi JhE H O SUXHEOIAM o 8F 2 HuA[M7HX] 62 O|LHE HI|St=S
nds

= AFoIAM TS ALIEZ(2 A, B, C2| &2 EA[A7IX] tjuf AlZt2 25 62 Ooliz 2HHESt
USLt, &7 F AHME Al Mt & oo AlZkE gk ctEol US

Hol
(=} (e B e |
2

L
SHX|Gh CHEAlMof| st o|= Ad & =2l1d Bt &2 Aot MM o Aldol st A3
‘FEMA 453 - Safe Rooms and Shelters’ OlA= CHE|A|M7IX| 52 O|LHZE CHu|st=SF A& E. walA

At ALZSHo] CHml st AlLte|2 AS| A9 58S =gt HhHol| Actnt de|HoleE & ALESt

of thuleh A[LfZ|2 B, C2F O] 7|&ES THE2. 0|0 Mk &g 2 Al A2|HolH ALS0| ERes
& 5 UZ

duxoz, S2(H H2 Ll Al AAL L uAMdEZ cfoe of W2 HOo|HE ALSstH tu AlZtS
dag = Aen, Ut o|=2o tfu| AlZiol| et #E 25 2SN

¢ ZuoE EUHE Myt Ll Al ofAt = Fojel2 HE|Ho|HE &E5to tiulsts Aol eHHSt
Ctl Hetelo, da2(Hole] £E=E 1.0m/s Ol 422 MASto] tuste Aol EatM .

w2t = Aol = CBRE &H&h Al X[SHE HAtollM CHm| Al AZ|HO|HE &3sts ZHzt W|H ol

BHo| RHEZE ARMA AN HAISIZ A= 1.0m/s2 HESHE AHE HMetet.

I 2-44. ALzl 0] wE cHu| Az

ALtz 2 o oo Az (F) Ao o AlZE (X)
A AEh + H2[H|OIE X 79.7 313.9
B Atk + H2[H|OIE] 0.5m/s 79.6 298.0
C Ach + H2[H|OIE] 1.0m/s 78.0 246.4
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¥ 2-45. =i At 2hA Al CHI| AlZbof EEF 7Y
ASET
=7} TE E=IoN ZEX] (et et BF
LTAIZH)
TAEE @A = EYE A4} EYE &7 4.0 2 =t
sh= 2tEs Heol AlM X, H 2
3 X =dx| & of HF = = _
AE-|7:” X|§(2018) 7"0 Dd Eexlm = T E:I'L 6.0 LN =
ZUE AA ZUE &7 4.0 & =k,
o|= NFPA 130 X, H 2
7t M EEXHA oM S+ T 7}HX| 6.0 &2 =
o
=N
o|l= FEMA 453 - CH x| Al A 5 & X&) Hl=
5
Handbook of
el= | Tsunami Evacuation - CH | Al A 3-5 & PR
Planning

% NFPA 130 - Standard for Fixed Guideway Transit and Passenger Rail Systems
% FEMA 453 - Safe Rooms and Shelters

AstA Ul A ol E =
dge dEm sl
Aol =2 Q)

Shelter in Place :
Evacunation Technology Guidelines Using

e o

Elevators inside the Subway

&

SHELTER

IN PLACE

V7
(1)

512 o] 8 W
Smart SOS(Sheiter of Sustainability) Lab

F-ace Lab / H-SOS Center

2 3

LA 8 4
1L 97 w3 4
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, Air Duct Diameteror Maximum Width Minimum Sleeve Thickness
Type of conection .
mm in. mm
305 0.018 0.4572
330-762 0.024 0.6096
Breakway 787-1372 0.030 0.762
1397-2134 0.036 0.9144
2159 or more 0.047 1.1938
610 round 0.060 1.524
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BIM Modeling and VR Simulation for Optimal Design of
Subway-Station Evacuation Facility

x|Xst HAE st BIM 2R U

P T o T,
. Kim, Younghwi™", Yu, Sung™™"

" and Yoon, Youngsoo™*

Most of the curent putilic Salities focus on their udlity znd fimctonslity Therefore, they do not consider the evacuarion of ocoupenss
in the event of a disaster. For this resson, Tesearch on evacustion methods and evscnytion-time minimizarion i required Therefors,
sccurste modelling of public facilities i tmportant This smdy presents a process of conducting vimusl 3D modeling 1o evaluste
the path during chsaster by applying the Bulding Informanon Model for reversa snzineenmg using luer scannme We nsed the
Anem SaSon s @ exemple. In addition, the method of developing 2 virual resliyy (V) simelation for evacntion education
is presented by applying a technology linked 10 VR If the 3D modeling method and educetional VR simmlsdon methodology presemed
in this paper are applied 1o existing public facilities, we axpect that people will be able to svacusre more quickly and safely in
case of emerzencies.

Kay words :EIM. VR Simmlstion, Lsser Scamung, 3D Madeling. Evscuion n Faciitisc
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Evaluation of Structural Performance of Concrete Beams
Strengthened with Carbon Fiber Sheets and No-Slump
Concrete

RUR* - HHS - BHE -

Yoo, Sunjae’, Yuan, Tianfeng", Hong, Sehee™,

BYpr

. and Yoon, Youngsoo

Abstract

In this study, the compression and tensile sections of existing concrete were reinforced using carbon fiber sheet (CFS) and no-slump
high-strength, ductility concrete (NSHSDC) to evaluate the structural response of the reinforced concrete. From the experimental
test resuls, the CFS showed a low energy dissipation ability when reinforced at both the compression and tensile sections. However,
the NSHSDC reinfircement exhibited high eneray dissipation and the lowest deflection under maximum load at both the compression
and tension sections. The NSHSDC without reinforcement in the compression section, and conerete reinforced with CFS, exhibited
lower load resistance and concrete compression failure. Furthermore, a linear relationship between the compression reinforcement
and siructural performance was observed, which demonstrated the high load resistance and excellent structural performance of the
member reinforced with NSHSDC at both the compressive and tensile sections.

Key wonds : Carbon Fiber Sheet, No Slump Conerete, Reinforcement, Load Resistance, Ductlity
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3.3.3. Crack and fatlure partems

Fig. 14 illusezates the final erack profiles of the impact cest speci-
‘mens. The identical specimens exhibited similar failure modes regard-
lexs of the oading types. mmpar!d with st et pecimens in Fig. 5

= 3: Strategic use of steel fibers and stirrups on enhancing impact resistance of ultra-high-

oo Coneree Composies 107 (20301 108459
‘of Land Infrastruetuse and Transport of Korean government.
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Cement and Concrete Composites gl eal miode, Netably, olt et e e Joa ol

= conditions exhibited multiple Aexural cracks, and the eracks were

—: steeply propagated into the comprescion zone, except in the case of

e
less steep. Mo

® o5 Sy ml;nllu than i the static test specimens. This is

vel

G velocity, and

Strategic use of steel fibers and stirrups on enhancing impact resistance of %5
ultra-high-performance fiber-reinforced concrete beams
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LS. Bl Tarl, e ot bekavios of nctinel defoemel sisel
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PR i high loading rates
[7]. I addition, this can be 2 potential explanation of the decreased
ductility index in UHPFRG beams under impact load.

4. Conclusions

Jin-Young Lee®, Tianfeng Yuan ®, Hyun-Oh Shin, Young-Soo Yoon ™"

i, 80 Bachok, ks, Dacss, 41565, Raublc o Fovea This i eff e of vl i i e

g*’“"’" s om0 Ay Sl o 1 At f e structural behavior of UHPFRC beams under scacic and impact loading

z i TR T conditions. From the above discussions, the following conelusions are

drav:

ARTICLEINFO ABSTRAGT _ o

Kepworis I onler to mvestigate e st and dymamie forural behavior of ulia bigh perfomance fberreinforeed cracking behavior of UHPFRG beams including flexural serength,

p—  uclve halfccale beams (125 < 250 2430 mum) vere bricated and tested under flexural igidity, and toughness. Even a low inclusion of steel fibers,

i— e Sl s S i B

gy gt g 6318 aad 10 e e with the formation of multiple eracks. In addition, transverse rein-
Eeuivalen bast ond ety die HERC forcement was effective Ln increasing the ductllity index.

P——— T Eomiisloermint oo o el e e by stmod e e Dt B et e et it v (mm“m

tions, can be normalized by the process proposed in
Comparison between any test data can e i i
Lasty, zation process, which is ble to exclnde the ineril effct of pect-
tatic and impact resictances of the UNFFRC beams in terms of higher load cxrrying capacity, higher enerzy Jevices, In addi
beoand be derived from the impartad impact force according to D'Alsm.
berc's dynamic equilibrium principle.

lapped fceizplacsent curves of equeatil. impoct tes. Prtemre, the quvalat bt load vas

ctimupe, britle chens fslure cceue under static and iznpact loading conditions

O =2 4

1. Introduction

Demand for improving the atructural performance of infrastructure
subjected to extreme loads, such as impact and blast, has increased
because of an increase in man-made dhreats, €.g. nuclear power plant
aceidents, chemical plant explosions, and terrorism. In this context,
kol e e T i) reiop e s .
struction materials, which have enhanced impact and blast resistance,
‘compared vith ordinary concrete. As a part of such efforts, ultra-high-
performance fiber-reinforced concrete (UHPFRC) with micro steel f-

compresive strength and ultimate strain increased with increasing.
surain rate. Habel ec al. [16] condueted drop-weight impact tests on
UHPFRC plates and noted that srength and Fracture energy increased
under impact loading conditions when compared with quasi-static
loading condicions, Famam et al. [11] also studied impact sesistance
of HPFRC pancls by conducting impact tests and show d
swuctural performance of HPFRC, However, most of previous studies
have focused on the material perspective. Only a few studies were car-
ried out on structural specimens under loading conditions
[1215]. Fujikake et al. [16] performed an experimental study to eval-
bjected

bers waz developed and atacted ateention from many
i
e gk ekl propertes (compeesive s> 150 M,
i MPa, fracture energy > 20 ki/m?) [2]. In recent
e, by s roperis of ULPERC have oo st e
basic reseazch results on UHPFRC under static Loading condition were
i) (350 Ny oL D] Sahors e i g
behavior
e B e e o A

and presented an analytical model developed to predict the structural
Hiynykecal. [17]

tests on SFRC slabe to ascess the performance of steel Aber reinforced

concretes in impact.resicant applications and the test results showed

Bue these srudies were conducted on the specimens made of normal
strength concrete instead of UHPFRC. Yoo et al [15] carmied out
dropweight impact tests on four halfscale UHPFRC beams and
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Abstract: This study investigates the flexural behavior of normal-strength conerete (NSC) beams that
were strengthened with no-slump, high-strength, high-ductility concrete (NSHSDC), A set of slant
shear tests was perfirmed to investigate the initial performance of the NSC substrate stengthened
with NSHSDC. Slant shear fests considered two fypes of mughness of interface and five angles of the
interfac: between NSC and NSHSDIC. The fest results showed that except for specimens with a 75°
interface angle, the specimens with high roughness wene conformed to the properties (14-21 MPa
for 26 days) of the ACT Committes 546 mcommendation. For flexural strength tests, NSC beams
strengthened with an NSHSDC jacket on the top and bobtom sides, three sides, and four sides resulted
in strength increments of about 8%, 29%, and 40P, rspectively, campared to the beams without
NSHSDC jacket. Therefore, the NS
NSC beams and i ded for

# improve the pes of
reinforced

Keywards: no-shump, high-strength, high-ductility conemte; normakstrength concrein beams;
roughness; interfacial shear strength; flexural strengthening

L Introduction

Reinforced concrote s the most widely apphed material for construction. Its multfuncrionslity,
economy; and shility tobe formed and finished avery

material. However, due to human errors, matersal disadvantages or changes in environmenal criteria,
a Iot of structures need mpairs and strengthening over their design service life. Strengthening of
reinfored concrete structures has hecome very important not anly for deteriorated reinforeed concrete
structures, but achicved much befter under serviee. Previous research studies have used various fypes
of concnste to strengthen einforced concrete members, such &s shotcrete jackiting, laminate jacketing,
epoxy bonding ete. [1-1]. Hiwever, all thes: methods have problems with band strength of conerehe
to comcre, dusability, ductility, and installaion peobln

In 3 blems, the fi i

veith high bond strength properties
wais widely developed and used [2-11], In recent years, msearchers have evaluated the use of
i high

d e (UHPC)for etriting
2-6] Studies F
of UHPC [7-9]. H v of UHPC using normal-
(NSC) and high-strength (HSC) concrete hn:ms and the bond strongth befwoan these fwo concrote
material iy high, thus & shear connectors Tanarslan [2],
20, 13, 4218; o 103300 ma13104218 www.mdpi comyjournal matersals
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3) The enegy dissipating capacity of UHPFRC beams under impact
loading conditions can be obtained by sequential impact tests. The

energy dissipating capacity, which is able to represent the impact
resistance of the specimen, is caleulated by integrating the force.
displacement curves, which are composed of tue bending force-
time and displacement time data withou time lag, It is reasonable
1o evaluate the impact resistance with an energy tem, k.., energy
euiiog capucly ecae he g svpct sevgy o 1 o
scant value, while the impact osce vasien depending on material

properties of the specimen and impact conditions.

4) The addition of steel Abers and stirrups results in enhanced impact
sesistances of UHPFRG beany in terma of reduced maximum and
residual and energy disciy . In addition,
all the test specimens under impact loading conditions exhibited
il el ot ul 0 ke el e i

the compression zone, except in the case of specimen UH.0.0.
Moreover, a smaller number of cracks was observed in impact test
specimens compared with the static test specimens. This is because
the velocity of crack propagation is higher than load wansfer ve-
Iocity, and shortened cracks are obtained under high loading ratec.
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(3] Specimens B-3] and B4J exhibited similar behavior to B-SR, except that the ductility of B-3]
decreased rapidly with mome stress up o the failume of the beam structure. B-4] cccurred flexure
failune similar to minimum shear reinforcement concrete (B-5R). Additionally, the test beam
strengthened from thres sides slightly increased in stiffness.
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Abstract: In this study, the p of { concrete slabs i using four methods
was investigated under impact loads transferred from the top side to bottom side. The top and bottom
sides of test slabs wen hened by no-slump high-stength, high-ductility concrete (NSHSIC),

fiber-seinforced-polymer (FRIY) sheet, and sprayed FRP, respectively. The test results indicated that
the st spedmens stengthened with FRP series showed a 4% increase in reaction force and a decrease
in deflection by mone than 20% compared to the non-strengthened specimens. However, the specimen
enhanced by the NSHSDC jacket at both the top and bottom sides exhibited the highest reaction
force and energy dissipation as well as the above because it twi types of
fibers in the NSHSDC. In addition, the weight loss rate was improved by approximately 0.12% for the
NSHEDC specimen, which was the lowest among the specimens when measuring the weight before
and after the impact load. Therefore, a linear relationship between the top and bottom strengthening
of the NSH5DC and the impact resistance was confirmed, concluding that the NSHSDC is effective for
impact resistance when the top and bottom sides are stiengthened. The esults of the analysis of the
existing research show that the NSHSDC is considered to have high impact resistance, even though it
has lower resistance than the swel fiber reinforced concrete and ultra-high-performance-concrete,
it can be expected to further studies on strengthening of NSHSDC.

Keywords: strengthening methods; fiber minforced polymer: no-shump; high-strength; ductility
concrete; law-velocity impact load; two-way slab

1 Introduction

Concmete structures are likely to be exposed to various impact loadings, for ecample, rock falls,
terrorist attacks, and sudden crashes along their service life, When winforced concrete slab is subjected
to an impact load, it is expected to suffer an important local deflection, secondary damage caused by
the occurnence of debris, and intemal strength reduction. To prevent such damage, the demand for
meinfored concrete with impact resistance has been inceasing. Many researchers foous onnew concrete
members to resist impact loads, such a= different reinforcement ratios and materials (containing fibers
with various volume fractions, and fiber types) [1—]. To improve the impact mesistanae, developing
new construction memnbers is also important, whereas the established concrete members are not only
numerous but also less researched. Also, these few research works mamly ualuahd trmsurngﬂenmg
properties of reinforced concrete (RCJ beams. The RC slab T by
(FRF and stain hardening ¢ posite) to 1 igate the impact test is listed in Table 1.
They simply the single I g materials (such as just using FRP sheet, without
spraying FRI) and strengthened mcLhDd {wﬂlmul bhybrid strengtheningl. Hence, it is necessary to
evaluate the impact resistance in RC slab with a different strengthening method.

Materials MI20, 13, 5603; doc M3 mal 3245603 wwwmipicom/joumalimaterials
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exposed the ensile reinforcement. The sprayed FRP may have caused brittle fracture due to the
stress concentration at the tensile section,

4)  The NSC-NF showed a weight loss ratio of about 1 kg on the final biow, which is only about 0.12%
of the total weight However, the weight loss rate of the st specimen strengthened with FRF on
the bottom side is approsdmately 2-3% of the toml weight This is due to the high ductility of the
specimen as a bridging efiect of steel fiber and PE fiber. Thus, the measured weight loss of the
NSC-NF was stnaller than that of the FRP series.

{5)  Compared with the previous studies, NSC-NF showed best impact resistance in the test specimens
applying the strengthening echniques, but it showed disadvantage in load and deflection SFRC
comerete and UHPC However, it can be expected to further esearch studies on the applicability
of the NSHSIC in that it can be manufactured with the thin layer while strengthening the
existing concrete.
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H*SUMMARY***SUMMARY**SUMMARY***SUMMARY***SUMMARY***

Simulation: UG (A] <, B3)
Version: 2019.1.0508
Mode: Steering

Total Occupants: 286

Completion Times for All Occupants (s):

Min: 0.1 "00001"
Max: 219.9 "00382"
Average: 15.3
StdDev: 345
Completion Times by Behavior (s):
Behavior Count Min Min_Name Max Max_Name Avg StdDev
GO TO F1 286 0.1 "00001" 219.8 "00382" 15.3 345
*all behaviors* 286 0.1 "00001" 219.9 "00382" 15.3 345

Completion Times by Profile (s):

Profile Count Min Min_Name Max Max_Name Avg StdDev
Female 20-29 50 0.1 "00002" 112.1 "00380" 169 33.5
Female 30-39 23 0.1 "00009" 84.3 "00371" 9.9 25.6
Female 40-49 25 0.1 "00005" 92.4 "00367" 13.7 29.5
Female 50-59 25 0.1 "00007" 96.8 "00379" 15.1 326
Female 60-89 15 0.1 "00012" 103.5 "00360" 125 320
Female 70-79 ¥ 0.1 "00026" 103.1 "00362" 14.8 36.1
Female 80-89 1 219.9 "00382" 219.9 "00382" 219.9 0.0

Male 20-29 52 0.1 "00001" 99.4 "00381" 16.1 327
Male 30-39 18 0.1 "00010" 90.4 "00372" 13.6 304
Male 40-49 25 0.1 "00006" 88.1 "00354" 127 26.5
Male 50-59 23 0.1 "00008" 83.7 "00370" 10.1 26.0
Male 60-69 15 0.1 "00011" 88.0 "00347" 11.1 28.2
Male 70-79 6 0.1 "00025" 90.1 "00361" 15.1 33.6
Male 80-89 1 180.8 "00383" 180.8 "00383" 180.8 0.0
*all profiles® 286 0.1 "00001" 219.9 "00382" 153 345
Travel Distances for All Occupants (m):
Min: 0.0 "00061"
Max: 158.6 "00382"
Average: 21.8
StdDewv: 41.8

Figure 7. X[ &ollAM Z EX| AlZafo|d Zxt

FHSUMMARY**SUMMARY***SUMMARY***SUMMARY***SUMMARY***

Simulation: (B3 A4
Version: 2019.1.0508
Mode: Steering

Total Occupants: 286

Completion Times for All Occupants (s):

Min: 27.8 "00354"
Max: 272.3 "00139"
Average: 181.6
StdDewv: 65.7

Completion Times by Behavior (s):

Behavior Count Min Min_Name Max  Max_Name Avg StdDev
GO TO F1 286 278 "00354" 266.4 "00139" 1816 65.7
*all behaviors* 286 27.8 "00354" 266.4 "00139" 181.6 65.7

Completion Times by Profile (s):

Profile Count Min Min_Name Max  Max_Name Avg StdDev
Female 20-29 51 35.7 "00374" 260.0 "00190" 177.0 69.8
Female 30-39 23 504 "00371" 261.0 "00114" 187.6 60.6
Female 40-49 25 376 "00367" 249.0 "00110" 172.5 60.3
Female 50-59 25 431 "00379" 265.6 "00195" 190.3 62.2
Female 60-69 15 50.4 "00360" 265.2 "00129" 206.4 66.3
Female 70-79 7 54.6 "00362" 263.6 "00131" 224.1 69.5

Male 20-29 51 314 "00339" 261.7 "00132" 1741 67.0
Male 30-39 19 296 "00372" 263.0 "00127" 169.5 66.4
Male 40-49 25 27.8 "00354" 243.5 "00220" 1734 63.3
Male 50-59 23 45.0 "00370" 266.4 "00139" 178.8 61.3
Male 60-69 15 67.1 "00359" 256.4 "00128" 193.5 59.1
Male 70-79 7 80.6 "00361" 2571 "00213" 1999 54.8
*all profiles* 286 27.8 "00354" 266.4 "00139" 181.6 65.7
Travel Distances for All Occupants (m):
Min: 26.7 "00354"
Max: 239.2 "00228"
Average: 163.6
StdDev: 52.4

Figure 8. S FollM X|&7kX| AlZefold Z =zt
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53 SIP ?{X[MH

= AFoAM SIP ME2 AlZ 0| ntHo|M T SR8t 24 F StLt0|Ch FEMA(Federal Emergency

[

Management Agency, O|= ¢42F X =F2t2[&) Risk Management Series & Design Guidance for Shelters and Safe

RoomsOI Al Shelter®] 2I%| Al 7k 28 % & sibs dojt B2 ARS £8% & Y& 589
(Capacty 0l ch 5, Mt @ Al ol 2 28Ol WS ol PP e + =R B2 2
elojal & % lch SIP M2 AIME UolA B3 BN S AEsE ol ojel, 327 2 5
2 ®elsh AENel By N mEOIA £ CE B2 2dle Azl

2 2 SollM AHdt=[ofof St SIP M
ZE Q20| Shelter2 ZAFHe| AlZto| &S = AT E MAH =0{of 517 TfZ0|Ct Shelter7tX|2| BE=

HA HZ 7tssiol st A =2otch FAIL H=tsfob ettt Hazard Sign2 CPTED (Crime Prevention Through
Environmental De Sign)& Ct22| |&o| w2t dXsHol etctl HMA|ISED UCH Natural Access, Natural
Surveillance, TerritorialityO| 11 of2ff2| O|O|X|= Exit& LEFAHCE.
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Figure 10. 718 & W& SIP M3 0ofA

Sheltere FH 2|& QAZFH 23| 25 Jhs8h ROIHAM, comel &E HF L 7tset XIstE 32
2 BHEoiof st2 2, X5t 152 250 Metsich A5t 15 # 25 25 oy A2 XFE 5 U 60’

o|ate| T4Xo0| 11, Sheltere| 7|50| 7HsSiCh 2 AR ME SIP Q%2 X5 159 1791t X5 2529 23
THoZ XHoIRoH, 2t HXM2 433m, 1945m'0|Ct. Y2|H O|E{ = Shelter2t 7HZH v x| =0 U, CHIE A

?_
|0
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Ztol EOolE = U2z, MAXS0| WA 2 7tset |xlolch g X5t 352 XISHE TOo{7F el
2 70 A2, Mk Ll Al otEo =z g 2&F meiyt o Mdx22, X5t 15 X5t 252 SIPR

2 XHstEch of7|M sIp flxlol w2 H|wE {5, XISt 253 SIPCZ 0|85t 2R XI5 151 A
5t 258 5 SIPL=Z EEIUE me A ZtS HulEEE Stct

H|
FEMA 4530l =M Shelter= Cf T XFS0| 24A| 2t

Olat cHm ofFof wet =&elo| Helrlct F, 244
72+ o|ak Al =mo| Hesh 2Aaftel HAo| HestEZ, ol w2l =882 E0E7 Ecte Zolch Bhek
24A|2F O| &t Shelteroll A X|LHoF & A2, M Aldo| ZLsln, 42HEE 7|E2E F e HAZ 5.6
m'/person0| 11, 017|A 0|5 ZFHE AtZetcts ool Hutel 2 8m'/person2| HA 0| HsiCh HHH 24A(ZF O
OF Al ol Ze glA =22 o|Zct EMN M 1.86m/person2 2 St UL, MAUXSS F+=E=HO|
2ot gabEch

wetd & AFoM e SIPe| =83 12{5t01 £=Ho| ZL gl= 24A17F D|EHE J|E2=2 g MF
st 2ni, SIPe| X2 X5t 15 X5t 252 FHof| w2t FESIUCE F=Ho| 2L LS 24417t O[Lf =2
Ze Mg MEY Z22 X5t 15 F KXot 2852 22 23278, 1048,65H2E & 1281.35H0| ulgh
UCH HhH 0d0| HTh 24A|7F o|&e| A2, 28 HME ALEsictl SHH2tE XSt 152 154.64H, X|5t
252 694.64H2Z F 84928 Hto| HEE2X| ZEtCh 52004 HAME ZItgte 20 Qo] MEF dhy A
AlSEo|do] HRSEt A2 & 625W0l22 gtek Mol HReh Ao =2lctH X|st 25 E+= X|st 15

(b) XI5t 2& SIP
Figure 11. X|st 15 SIP ¥ X|5} 25 SIP

54 ottty =HY

= AFOME Blo|X AHdE ST JAMAZ Ho|HE Yetsto otete] AAte| EHE &2 55i%ch 2
Q& Ol0|E{= Autodesk Revit ZT2IH S ALZSIP o0, EZQUE Z2IRE AZEQo{dA 28{# 3t 3D
2 s MdSACt chEol a8 2 2 AAool SH4YEE Foistof 3p ZHIS A nYS L
EbcH Zdolct 047[AM PHEO{Rl ZHZ S Pathfinder ZE2 0] CHRISH0, AL ZZtofl A2|H[olEf, &, ATt
52 T=5to] 222 TIAHSIQUCE Pathfinder| 2 DXF w2 =& DWG2} otnte| sehdo| f45t
cte ZEol Aot
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Table 14. oteted Aok = £=0|

Location Riser Tread
1Landing 166 320
2Landing 166 320

Bl1F~Exit 1 Staircases
3Landing 166 320
4L.anding 166 320
1Landing 157 320
2Landing 168 320

B1F~Exit 2 Staircases
3Landing 173 340
4Landing 168 340
1Landing 157 320
2Landing 168 320

B1F~Exit 3 Staircases
3Landing 173 340
4L.anding 168 340
1Landing 143 335
2Landing 157 335

B1F~Exit 4 Staircases
3Landing 171 335
4L.anding 175 300
B2F(Bomunsa Direction~B1F) 166 325
B2F(Korea University Direction~B1F) 172 325
B3F(Bomunsa Direction)~B2F 166 330
B3F(Back of Bomunsa Direction)~B2F 166 335
B3F(Front of Korea University Direction)~B2F 166 335
B3F(Back of Korea University Direction)~B2F 166 335
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Table 15. &2 A|Z2|0|E{e] §F % &

T+ = AlZ2(olEel EF Y SHAHE H| 1
-dz|HolE2HS ol st T+ AlEa oM
-MARe| & Ht AlZtots ZOHO|EHZ ME
-gleto| AEEH MAXIS2 oW olE oMot Cf7|stE = Ceksh m| ot

ELVAC Merg dSot/|oles 2%
-Az|Ho|E{e] £7F o|F A7t st HIO|EE A|S&o|MHE = |lS
-3xf 7t e St 50| =0(7} =otA 45 ZIMoly METIt WHXEE =
IF5 A5 mot M2k ABol= AESH| oS
-Az|HolE{e FT|E LHE = QS
-OfX|2f RAXITF dEHO|EE Sdll HES Ho=ZE LIS me AZHES &2

ELEVATE | st7| 2ol HEE AR Z Idst= AU ALS Jts
SR EFZ LIE IUHXEe =& Z4=Z ME¢g
-z o|E ol TS| M it AZE olAE

A 2| H ol E
Hhed
-AlcH dz[H|o|E, of| AZHE|0|EE o|&8t Tt AlZte] £H0| Jls
-zt Bo| 2 olzdHe| MEH mMAIXIel =Eo=Z st XA, T AXte
BTS a3 Hx Q3 Jhs

-Az|HolE ol EESIY| M Tt AZRE 2lAlE
-MAXIES Y -X|H sHAS HHASIK| 2SS
-Zt MARE Zte| ASEIZ T H Fof RESto] JeE B
-2D Continuous |t 2R Z Jijgt=|of CAD 7|BFe| TIAMXIE S Z 214l
St Tk A|ERolMdE ZIaist

LEGION | -MAIXIE0| 28X 52 714 Radel 2% £xo| Z4H2 vtdstn u|t &4
2o MY Alol= SHH EMS HIHCZ EXMQ oAZHE &
-Zt MARe met Ms0| AMA REES 7|FEC2 ZHEHEZ DT HoA
-diz|Ho|lE e Tt Mg s = s &8F0| 8ls
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Table 16. =2 AlSzolEe S A HAHE(2)

T 2 Algaolee EF & SHAIH H 2
-Ciekst /e AE= Tt A|g2olds Fale £ YA ML= =233
—IOlch AlZE 2 A st oF A|ARISl FXo| HEBEO0f U0 Zb mHAte| CheFst
vk SEMO|L oAEE EFE Algdolde M= £

EVACNET | -Node2t ArcE 0[83st0f m|it M52 ASst7| WZol CAD 7|8t Visual
Interface7t 27t=s&
—EIAE Jldlo] &= QEA|AHIOZ stz Aol =T HEZ2 A
ol E7ts
-5g dUE5E U fxlsts 2 MAXte| It W ST Way-Finding &S
AlE2o|M
-IOCHRE, 238 8 nd S8¥E ARBAE JHEHeR XYY e UL
=7te] Yo w2l Hetste el Tt Sxof LS X[ASH| LS
-I|HXE ZEe| ZH2lof w2l ols HEe| HEE X|stER I AlZte| B
Ztofl & mAEe MMAE 53 2L AN FEh Mef= X[@sHX] 2

Simulex - Az olE
= SIEIE

-u|ch ZEHOHE 5% thelZ2 MHSs5H| mZol e AlSeold 2H> e

H|W-=40[ O3{&Z

-CFAST, FDS2t 22 7| 7Scli4 AlEaold T2 a4tof oF0| 27}
-gHnt AckE dAsk= Linkol m=HAHS0| 7lol= ZlsXel Zgol U0

Yol EJL 22 (tt2| ATt Link =7

- AREe| It 2 People-People, People-Structure, People-Fire &
A

A 2R B Mot 2 |50 we mlck AlBaolMd Jhs
~mlh AlZkel Bobo| whE EubRRES] MAA 53 UL HAM Eeh o

Building | EHE @l2fe % & 22 xlg 27}

EXODUS |-moiatel B8 &5 A2 224 fe 28 £52 g2ists 820
ERIR|TE HEkste RSN BY $TE 3Ysts YDEF0| AUS
~X|ZEel A gato| O|FO{AIT oLt ofF E1E AZBols £3H
IO:!
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55. AlEdo|d T2 33

-t AlE2olHE AMSEs T2 §F A AE Maste ok 32 A
X [_H

|2 ozl et Zo| &AM5| LIERHA 20,

Table 17. Simulex, Building Exodus, Pathfinder2| 2|24

T= Simulex Building Exodus Pathfinder
=27t WeZZis 9 =25 I\Ed;iildjl:__: ;gj(_l:)\if Mesh Triangle Spaceoi|
£ Hetez 28 Ho"ﬂ o - o3t B7t 74
A B
(84, ctol, &84, 7 A ERY
AR EM (&4, Ltol, of7HLH])
MAX 28 (3274)). (A1 A, %%éﬁ QL &l MR S
MAXE | siitel MAIXE 2wl ZHA|, AR £ XA XX} (Go to Rooms, Go to Elevator,
= % 1091%] Alx| Elel M) Go to Waypoint, Simply Waiting
Jle el mH in Place)
(Fet =, AteH g, =5, MAXE Bix]: 7HE X, JEXH
8 24, ot Holgr|, s&st (Random/Uniform),
H et MR = e MY
HE sk 3)
UK (| HMEE R 4 ¢ Local
Familiarity All Main Exits,
Distance Map Local Potential, Floor 22 MF
(S™X7HX] =gk Hz2l) Potential) (Path Generation, Locally Quickest,
N ESPN S AlZE MH(371X]) HES AIZKLX|Y, ARZA} ¢l2) Backtrack Prevention)
ols 2 Hr(MdE o Hal (Mg 3 olof w2t BhS AIZHRLIX|H, AFEAL 21=H)
EM Lto] ol w2l chHE) =) 28 oMY g Lol w2t EEE)
AtZDE AbZE ZHe 0| &M (mobility) A& MAX} 0| S(SFPE, Steering Mode)
Uz dhA 0~1, &off =71 =25 00 E£7 F=E(Door Flow Rate)
7t7k=)
£7 F5E([Door Flow Rate)
e z=H
(Upper, Lower: HCN, COZ
Sty ‘Drill’ ModeZ Z+EH8] T =0{ Init, Grad, Pow, Limit ‘Drill’ ModeZ ZHc=ts| Al Eelo|M
=M AlSaolM sy 471X gte 7H) 7ts
=720 et £4 PID, COHb
&, RMV

5.5.1. Pathfinder T213 MA

2 AFoM ALZE A|SEo|M ZZIOBM O 2= Thunderhead Engineering®ll A 7H 2fStH

Pathfinder& A2

2ICt. Pathfinder= Steering Mode, SFPE Mode 27}A| EZ X} Behavior ModeE HM35t=Cl, & HM Steering

Mode= E3#AIE0| Cl2 H A=

o} A5zt

5t L12|FELE Jts

ot B Qlzte| WED SHYUS DY

2 T2Hst= Mefll, & #HW SFPE Mode= Engineering Guide to Human Behavior in Fire (SFPE, 2003)0i[A{
3

b
olE 7hg A AtE

X

=

=
BHAISIE M2 S2psl0f Holx|ek,
2 oToIA ALBE ohetel ofA

[

A8t &, SFPE Modedl M= E X=
Hsto|Ll Dzof w2 HEd £x Moo= Zhssich

2 X5t S w2t SFPE ModeZ

—

29| 58

I ZRIZ S Steering ModeZ2 A| Sl 0|M
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Algellojlde TS = EHXESe Mol OEnt Zol o2 AUS Eelg £ Uch O
£ QUX0| SFPE Modedl M= HH#XES A7t ol HAxIH2IT st Weo| ZZto=zot 7t
SMo| "l A ZickstA msE = Uch

oot thu AlZeolM Z2I¥ol= ctsnt 2ol FAEO AUct olmf & 7ts =t A2t

el o[ Mol M AP E REST(Required Safety Egress Time, &2~ x|t

Time, 318 7k T AlZh) #2
o OIHNSE SHESigictD

Pathfinder M| ZIX| A|Zz2{0|M

[y

5.5.2. Tt AlEgo|MH mHH

2 270 A=+ Pathfinder
1) MAXte EM A

I‘OO

ot AlZeold 1

U0l B0l

wsh Folct,

—

gg=n

o
o

X omt Al

LTFAIZHI} ASET(Available Safety Egress
HlwstA Ech =& ZoE So ASET #t0] O 3™ iat AF

=0| 1

= Simulex, Building Exodus,

2) H2 & At M Ay

3) &7 ¥ mot 42 MF

4) thI| Modeling Z 2} HHA

5) MAIXtof CHSE olgd obMA EE ofF Hmch

AlSeolM ALBALSS MAX S AES ZAISH| s Alg2old ALE Z&ol U= ALZBAISE v
2oz ME ZAL BItg=2 ctsnt ot

a) CHel 7t MAXE 5

b) M¥E Ex

c) Zof ofF 112

d) 2470l ot &k QX =2

e) BXA| Ed £

) Ach e &=

g) =54 A

h) 7| A&o cfst Zdo|ct,

Che| Jt7et AKX $=9| A NFPAOIAM HIAIOF Zof =82S &stes Aol JHE =2 H[E(45%)
2 XX 0y, AF A& Mo FMH[(17%), T2l 717Y "H@d AFR13%)7F 2 FIE olAct MM A
FA ME Ex2s HAF 50%, (4R 50% U|§(62%)§ 78 st AREAZE JHE BUend O fHE2 HA
60%, O1At 40% (19%)E AHX|StUCE ZOf o{F+= 12 oF &(95%)0| o =2 LIEtG20{ 0|& &l AlE
o MA Al HEE ALSAZL JHA XL ZHof o{FE IEsHX| &= AE & 5 UAAPCH A7| mt 2lX}
of A9 JHE ¥ AY| A= (65%)01 JHE =7 LiEtgten] mth mp™ol gt ®ESCh(14%), 7|5 dhd
(14%)0] 11 S E o|Uct HX| B8 5= AlS2o|MollA MAIE 7|27l DEFAULT Zt A& (36%)0| 7t
& =7 HEgen SHAXIE E1Q27%)7F 3 FIE oldch ATt B3 K5 ESH DEFAULT &t A& (59%)0l
7t =7 HEtGen, SHAXIREE Fists A Q23%)01 F HME LEHRCE chs &% ™oM== Lol
£ J71E@2%)2 2 5101 d-™ste ol JHE = HEtGen] 7| MF ESE LIOIE 7IEGB6%E St A

ol 7t& =4 HEHREL
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5.6. A|HO|E] SSIRI Z2AM A
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LY Al Z XSS HEHOIHE
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2 AFoM XHE okt A= SZY| 3UZE FAEO Aen, At SH E= FojelIS2=Z 2049
SZ7|, Fofjel M8 £Z7| 12 FM =0 gch de|HolHe 42 31 Zct

) 22 #Z4W x H) : 900 x 2100 (mm)

2) 7} W8 #Z(A x B) : (F&HA) 1100 x 1350 0|4} (mm)

3) & : 2000 (mm)

4) Zlo| : 2200 (mm)

5) FE : 03m/s

6) 15215, 1000kg OfLH

Table 18. tefe] AZ|H[O[El 2|
AlA i) e ad g A ARg o F-

MRL dz2]Holg 127] B2-B3 A5t B2-B3 A 7S
MRL dz2]H|olE 2357] B2-B3 A|s} B2-B3 AR 7t
MRL g2jH]o]& 3z7] F1-B2 9 &+ A 7S

o -

dzlole 257

(b) 3D &

Figure 15. X|3t 2% Shelter #/ x| ¥ X|5t 35 Shelter 2| %l

58 Az|HolE HE MF

CBRE &&EOIAM AEt2tE Zo| HXl 2lotM B2 2| @S FE5H[= ZSHAIT:, ekt 020l
ite S ®we| ZX| Rt 2S0As s SRet 25ctol2tn & £ Uctk o 2HE0|He HE=
& FHMHESZ 0.5m/sec, Z 0.75m/sec2 2 oSt AN HA ZHETF 3028 HE 29 WHE 2kl
M Z[Tf 30m/sec(BEX: AFHA AE: dAlH)ez Mets 51 Uch X|SHE FAAT|EME E20hS
2H, S¢7] HOAMT|EES Table 92t 20| H2olst1l QUC



UutM o=z X|5tEOl| M °“E||51|0|E1'_ Zofelofut =2 ALE IS A|ME dubMol AW o|HECH £
7t Xs|l =elct A, X[F & M 2l Al d2|H o= AMESHA| 2= Aol HEFO[X|EH 2 AFof A
HAESHI = CBRE(Chemical Biological Radiological and Explosive) % 3| E|{AZE M Al #iE o &
QTS AE Al B0l AlEES HEY Z7tF At EHEREICE

Table 19. CE|2AE oo KT
o ea o £
T4 0ls LA(SZEE, U, E2) 60m/min (1.00m/s)
TZ& ols 24 (Alth ™X|E E/S) 15m/min (0.25m/s)
ZZ &2l E/S 36m/min (0.60m/s)

Z AdZ|HO|E HE= 45m/min ~ 60m/minS 7| E2E X|HSIF =0, 0|E HAEZMH AN Zo| cHe
£ secZ HFRO{M E™ 0.75m/sec ~ lm/secO| =Ch Hho SX| otetodof Al2E= AZ|HOlE HASE
= 03m/s2 2= ACt of= T I okt X|SHE oF B8 olSstedl Zdele AlZE 1555 ot 13
=£0| 464mE 7|ZE2E MYSIQUCE mEtA 2 AFoM = HeH ol HEE J|E MAE FE2l 0.3misE

AlgeflolMe M TSty AR HAPHOHA‘I Mot U= 0.75misec  1misec= 7|E2E AlZEOMS
Zlisto] o £Eof H{WE st Ab ot

07|M, 65M ofatm} ZH2 =ofXte| A 18M~40M| Atole] Mol Eal fEHct =2 ZdZ d2dsi oo
AlEefo|Mof BtAd skt
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Figure 16. 13 H MH Ha§ £T d|lW Jef=

59 dz[HolE BHE lH HH
= Aol XFE AlZaold 2@ 917HS Aujoll =X six|siol Sh=dl SHRF Y 4142 XSt 3

S, XIst 25, X5t 150 2% EEst SAF Q1Y 498H 2 St A|ZbS D2istH HF &2 EAHF0| /X
gt Xlst 350l A &HEO| =222, AE EYUEFN Z10F HiX|SHCL Lol STRASE FHE 5Ho
A4 192 X[st 15 HHX| 482 X[st 25 =} 350 dfx|etct vfX| Al Lio|Lt AEHE (o] EE 7[&E2
Z e|Z dlix|5tn, dEnt Liolof el 23 £5E X|MSiAcCh /el ool w2t chmXF sf x| Al X]
5t 152 9, X5t 2852 Y, X|st 352 Ho|ch o7t 2AAntof wEH, kX 65AM Ol4h) elFt= TA|
QI CHH| 2F 13%E AtX|st 1, St=e Fojele <F 2500F Hol2Z2, ZHZEof 4H S d2|HO[E{E o|Zst
0 SIP2Z 0| S5tz W22 A|Z2|o|MHS R SIACE
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Table 20. A4,

ool mE HA &5

Contents
Speed
Index Standard Researcher
(m/s) Average Assessment
Speed
Horizontal Space
Hong et
1.24~2.05 | 40m* (2m*x20m) :
al.(2010)
Adult
Fast 2 1.888 Waking inside
1.87 o Lee(2001)
the Building
Fast Walking of Bohannon
1.75~2.53
20s and 70s (1997)
Traffic
0.7~1.2 ] ) Jeon(2011)
20s and Engineering
30s 1.25~1.8 Adult Kim(1983)
Population
Walking 1.3 Density — 0.1 Pauls(1983)
Speed Average 1.3 1.298 Person/m2
(m/s) Free Walking
Older et
1.4 Speed of Street
. al.(1964)
in London
Average Walking Bohannon
1.27~1.46
of 20s and 70s (1997)
Korean Nation
0.8~1.1 ) Jeon(2011)
Police Agency
Elders ) o Hong et al.
0.93~1.28 Senior Citizen
Slow and 1 1.006 (2010)
Kids Senior Citizen )
Studenski
0.92 more the 34,485
(2011)
Person
Table 21. 91 & Hlg ¥ 23 £
=1 o
Lol = CLE L ul 8 CLS 1S
(%) (m/s) (%) (m/s)
20~29 16.583 1.358 16.433 1.341
30~39 7.443 1.433 7.465 1.337
40~49 8.541 1.434 8.567 1.390
50~59 8.042 1.433 8.066 1.313
60~69 4.945 1.339 4.960 1.241
70~79 3.907 1.262 3.106 1.132
80~99 1.349 0.968 1.353 0.943
A 50.0(%) - 50.0(%) -
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2 Aol XHE oteted ofabs U
Table 22.

(=]
_I_I:I

Hol|l wE 84 sts

m:

&

HAo| 4.65m (50ft) ojgtd A<

E e

|:|K-I
0 &

ol 4.65m' (50ft) o[&td A

(ST Units)
W= 354%+3254

(Imperial Units)
W=0.667A°+66.7A

(ST Units)
W= 2.454%+6104— 620

(Imperial Units)
W=0.0467A%+ 1254 —1,367

A =WEZFAH, mm’ (1)
W= 24435, kg(lb)

2 AFoM ALEE = okt 1572 WEHXMES 22 AlAa)ol e Al 24 HASIES MEE =
C. Ol & HIEHSZ 135 &5 Al 7ts oS MHESHA =0, de[Ho|EE o|Sct thi] LQAZES FHE
£ QUct

5.9.5. & Tk AZF AL

et o=z Az|HO|E{E 0| ¢ thil= 2= Aol o|SAIZE, CHIE A %= SIPVHX| ols Az, Az
HolEel &8 Sol w2iM Zelzict ols 282 delHoleol o Xyt Y7ot §Set 249 MIsct o
2lH|olE F=F2 oteted X|stEel A 207t MX|=[0f U2ni, Ae|HolEe] NE S 0l 28 SolA
st oenz, 2 AFe| thuAlZt MH AlofME= A el

(1+n) &
to=t, + b+ Dt
ji=1

t, : CHEl AlZKGs)

t; - HeHolE &5 o|SAlZt

t, + e olE] Ih ARFA|ZE

t, : At o|E{ol|M SIP7IX|2] O|F AlZk(s)

J o delHole =

n : He|H Ol ol &8

Ol &Sdll ZAIM2=Z Xk UM A A2|HOIEHE S8 tiEf AlZhS MEE £ e, & i AlZt2
QtM FSE ZAL A Abx|2| Fmp 2t
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X X[stEoAM el ;i w2 == CBRE &M Al tim 5 O{EH <lAlst=Xo, otMst &2 0f
Sot= dhHol w2} ct2A g Ect

oot e e ch3e 2872 2FEch M AN 22 mot w2 17 52 T &2(Shelter in
Place, SIP)Z T1A3sI0] siE S22 MAXSO0| oA HEstEE It Mefs st ctgez= MA
SA| mch ME2k2 2ok ArgE gb Al 2370 £2 SIPLE ZO0AM MAXES ESE £ JEE Sl AHO|
Ct. Ol= 2oF Aot 2y Aso=z=HE MAUXE ESste ol gotdo|ch 7| 17 S22 st CHA|
M 22 Ouhe MAXEe HA sz mct AI?FOI o ol &%= Aol Ut

=
T 7= 2522 HuAUt olSsts A chEA wHE d2lHole el FH2 MAAS0| AHY

Az O|E{E 0| &35t0f SIPRLE eHM S| ol S3st7| ¢ &olct

6. ?IX| MY wE Z2} B

6.1 Tt AlLtE[2 HF

r\l
o
rz

|'O
1
10
Jo
il
ro

AH CBRE && Al SIPE F 7 S22 %%ﬂ@ AlLtz| o] whE of & QA
| =%

EStAt otch AlHE|2= HE[H 0|8 ALE 0fF, HE|H|O[E{2 2 3k

LELN

- ALE[2 A Al + H2[HolE £XE : 0.5m/s, SIP(XISt 25
- AlL2|2 B 2 ARt + HElHole £X : 1.0m/s, SIP(X|SH 25)
AL ¢ AR + HE2[HOoIE FE : 0.5m/s, SIP(XISE 15 + K|35t 25)
- AL2[2 D Al + H2|HolE £X= : 1.0m/s, SIP(XISt 15 + XI5t 2F)

Table 23. oz Ha ™

M e

(1) SIP ?Ix|(X|5t 25)

(2) SIP 9I%|(XI5t 15 + 25)
(3) A2 ol =F= @ 0.5m/s
(4) Adz|HolE £= : 1.0m/s

Table 24. AlLt2|20] mE Hy H™

ALtz WS =y
A (1. (3)
B (1. (4)
C (2), (3)
D (2), (4)
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Table 25. AlLt2| 0] whE CHu|A|ZH

ot of oAz Z| o oo AlZE
(=) (€

Alufzle

Agt + Aa|solef =5 @ 0.5m/s,

A L 79.6 298.0
SIP(X| 5t 28)

Aok + de[Holef HE @ 1.0m/s,
B _ _ 78.0 246.4
SIP(X|5t 2&)
Aok + da[HolEf HE : 0.5m/s,
C _ _ _ _ 50.0 297.8
SIP(X|st 15 + X5t 25)
Aok + de[HolEf HE @ 1.0m/s,
D 48.9 195.7

SIP(XIst 15 + X5t 25)

6.2 AlSello|]H Zx3l
6.2.1. AlL{2|2 A
AlLtgl2 A= X|5t 35 2 X|5t 152 QoS X5 259 SIPR

v

Estl= A2Z Si3ct olmf AlLE|2 ASb OIEIXIZ F2 Al

2 de|H o[, Al oA o[HE Of
ZtCHoll O|o|X|E ZXSHA L, Ll olE 2

= 05m/sE X|Z5to] got ofake| elgtet Fofelo|l BE&sts A2z SRt oluf AlEold2 F2
AlZttHoll ofolX| & ZAMSIR L, AMa2 chel AlZhe RS EESto] EdXtel o|so weE A s =
oto

Table 26. A|Lt2|2 Aol mhE x| A|Zt

(&)
Exited: 0/632 Density
(oces/m"2)
s
2755 I
251
202
0 -
153
1285 I
1os
053
Exited: 35/632  Density
(oces/m™2)
3
2755 I
251
2265
202
20
153
1265
0195 I
i 200
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>
r\l

B

o|o| x|

40

Exited: 122/632

Density
(oces/m™2)

2.265

1775

1265

0795

90

e !!!J:!!E T

Exited: 394 /632

Density
(oces/m™2)

1775
1.205

0195

120

Exited: 504 /632

Density
(oces/m"2)

2755
2.265

200
15

1205

0795

180

Exited: 616/632

Density
( )

oces/m”2;

1285

0795
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o[o|x]|
=)
Exited: 628/632  Density
(oces/m”™2)
s
270 I
251
-
4
250 -
=
-
108
vos
o7
5 e
] 2s0.a
Exited: 631/632  Density
(oces/m™2)
6
a7
- I
20
298 o

Time in Seconds

Figure 18. A[L{2|2 A2| A[Zlo| }2 Room 85, Room 95 AKX} ==
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FESUMMARY***SUMMARY***SUMMARY***SUMMARY***SUMMARY***

Simulation: SIP(B2) ELE-0.5
Version: 2020.1.0219
Mode: Steering

Total Occupants: 625

Completion Times for All Occupants (s):

Min: 1.0 "00260"
Max: 298.0 "00002"
Average: 79.6
StdDev: 45.0

Travel Distances for All Occupants (m):

Min: 0.6 "00260"
Max: 156.1 "00143"
Average: 76.0
StdDev: 36.1

Figure 19. A|L{2[2 Ad| w2 A|Sef|o|Md Z3}

ANHEI2 A= X5t 35 & X5t 152 2A|S X5t 252| SIPL=E A2 H|0lE, ACh ol AH0|EE Ol
St= A2 2 SIch HEIHolHe H=& 0.5m/isE2 X|-SH0{ 8ot o4&k 2ltet Fofelol E&ste A

OSZ ALIZIRE MAASICE MA ZARE &elstH, &4 I Az 1%, #of ofT|A|ZH2 298=0|11, H
o 79.6X7F 2=%ct o5 Hel= z A ol HE|JF 0.6m, ZCH O|= HElE 156.1m, B 0ol HEl=

76.0m= LIEHGCE

6.2.2. AlLI2|2 B

FREL olm AlLt2|2 A, B2t OIEIXIZ2 2 AlZitHoll ofo|X| & XSt L, He|H|olE

m/s2 X|Z35to] got ofake| nE elgtet Fofelol BSsts A= SIRACH

= A5t 35 & A5k 152 AYES XI5t 252] sipez W2 HO|E, AL of2He 0| E 0]
5

I
H
rr
=

Table 27. AlLt2[2 Bof| k2 CHm|AlZt

o|o| x|

Exited: 0/632  Densily
(oces/m™2)

DE L0 wie by

IR T TR I T T T AT TON YD)

o795

=]
=]
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=
r\l

B

o|o| x|

20

R RIPOIRTIRRIN TIoIT)

Exited: 35/632

Density
(oces/m"2)

2755

0795

40

i RTINS
Bopds gt )

Exited: 122/632

Density
oces/m"2)

2755

1205

o4

0795

90

g L ets LT
2

Exited: 389 /632

Density
(oces/m"2)

2788

2265

1775

0795

120

e muwu i P

20.0

Density
(oces/m"2)

2755

1.205

07195
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Exited: 622/632  Density

180

0795

246.4
=

248.0

sholsts, = A CHoAlZF2 11X, =) CHE[A|ZH2 246.4F0|12, B 78.0=7F &L O]

o= Hzl7} 0.6m, = ol= HEl= 1404m, WF 0l HEl= 752m=Z LIERGCH A2|H|

SkALEl ol T2 Zof thuA|Zb2 AL Aol CHH| 2F 1731% E0{E WS & £ Uch ol

sff, diz|H|olE el K=& AFRMHA 7|& & Xt of d2|Hole MX|Ql 1.0m/s E=E I2{5t0{ iy &
|.

= =
Je{stct CBRE AMgr 2 Al wWHE CHu| 7t J7tse A2 ECHECH

[

250.0 T Foonds
Roond5
A il
oy
fl \
\
200.0 T [ ‘\w"\\
il
2 f %
© / \
o [ \
3 150.0 T\ / \
3] \ / \
5 ! \
et Ph / \
2 10007 v \
g \\ \\
= \ \
50.00 T \\ \\
\\ \\
\ b
N—— s
0.0 + ———— : } : !
0.0 50.00 100.0 150.0 200.0 250.0 300.0

Time in Seconds

Figure 20. A|LIE|2 Be| AlZtof|l 2 Room 85, Room 95 A{ AKX}t ==
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6.2.3. AlLIE2|2 C

AlLtgl2 c= XISt 2
it olmf | ct2
AlZttfoll o|o|X|E #
ol elgtot Fofelol &

*ASUMMARY***SUMMARY***SUMMARY***SUMMARY***SUMMARY***

Simulation: SIP(B2) ELE-1
Version: 2020.1.0219
Mode: Steering

Total Occupants: 625

Completion Times for All Occupants (s):

Min: 1.0 "00260"
Manx: 246.4 "00011"
Average: 78.0
StdDev: 41,6
Travel Distances for All Occupants (m):
Min: 0.6 "00260"
Manx: 1404 "00145"
Average: 75.2
StdDew: 36.2

FZ#at ot 2} X5t 252 25
A L= Z\

Figure 21. AlL{2|2 Bol| 2 A|Zefo|M Z a1}

ol
-

SIPe 2 X|&sto] HE|AIS0| 0| Este Ho=
102 s}t olm AlLlEl2 A, B9} Olzbibx=

= 7|& ottdo] £E0l 05m/s2 XA S5H0] 80CH

ek

A2|H|O|E, AEtE 0| &E3t=
4

o

fno

tR, de|HolE el &%

= Zdo 2 skt

ol

>

ol
ol

Table 28. AlLt2|2 Cof whE CHu|A|ZF

Azt

=
(=
Exited: 0/632  Density
(occs/m*2)
s
213 I
2ot
2265
O I L) TR X}
PR T R TR PRI A S S T i
P e TP B e e e b 8 LAkt
Exited: 103/632  Density
(oces/m>2)
s
2755
251 I
2208

- 134 -



=
r\l

B

o|o| x|

40

Exited: 254/632

Density
(oces/m"2)

175

0793

90

Exited: 575/632

Density
s/m"2)

2755

2.265

1.205

104

0195

120

Exited: 614/632

Densit:

.
(oces/m"2)

2758

2265

202

1775

1.205

0195

055

180

Exited: 622/632

Densit:
(

(oces/m™2)

2755

2265

202

1.205

0195

055
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. o|o|X|
(X)
Exited: 626 /632 1012:;‘/5;:¥9)
240 :
o=
7"‘—21 240.0
Exited: 631/632 (0‘3-2:/:1:'Y7)
297.8
o=
L—** 2978
M ZzE FZelstH, =4 cfmAlzb2 1x, =i ofT|A|ZH2 2978%F0|X, B 50=7F 2= AL Of
£ Azle 2 ol HEl7F 0.6m, O ol HElE 156.1m, Yo 0|E HElE 50.5m=E LIEFGCH Sipg
X5l 150 252 25 AISE 22 "o taAzte 2 5022 7|E AlLIZIR A "] 2F 37.19% CHI AlZH
o] E0{EUS. sIpe| F=M Moz o, MAXIES HF oAt EHEUS. 2o cfiZAzE2
2078% 2 Z|&1} He| Xo|7} S8 & T+ US
o|& E&E3dl, SIPpe| QXIS 27 £22 XAHE Al 7|= | HAXHo=z= #HE hm st 7tssHX| o Lok
A E= Fojel2 ne{sh z[of i AlZtel ctEo| Hesicto Eeth=Ech

Number of Occupants

1200 T

1000 T

8000 T

60.00 T

4000 T

20007

0.0

FRoous
Foonss
\ Al

TN T
+ +

0.0

Figure

150.0 200.0 250.0 300.0 350.0

Time in Seconds

22. ALl C2o| AlZto 2 Room 85, Room 95 A AIX} =
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ESUMMARY***SUMMARY***SUMMARY**SUMMARY***SUMMARY***

SIP(B2,B1) ELE-0.5

Simulation:

Version: 2020.1.0219

Mode: Steering
625

Total Occupants:

Completion Times for All Occupants (s):

Min: 1.0 "00260"
Maa: 297.5 "00002"
Average: 50.0

StdDev: 34.8

Travel Distances for All Occupants (m):

Min: 0.6 "00260"
Maxx: 156.1 "00498"
Average: 50.5

StdDevw: 27.5

Figure 23. AlLt2|2 Cof w2 AlZ2old ZT}

6.2.4. ALIE2|2 D

AlLE|2 D= X5 3£9 olglg X5t 1& &
sl Ad2 =2, SIPe| ¢ xlof wE skAE o £TE& FSEOX} SHECE oluf A[LZ|2 A, B, C2F OF&HI}
X2 =2 AZito| o|o|X|E HASIF L, AE[HOIEHS HE= 1.0m/sE X HSI] A|LIE|2 C2F OFEEX]
2 da|Hole HEE =04, 80CH O|Ate| oI} ZofQle wWE CHEE S Z SI%Ch
Table 29. AlLI2|2 DOl = cHmA|Zt
AlZE
} olo| x|
(%)
Exited: 0/632 (u?,i:;:;t‘yz)
Exited: 101/632  Density
(oces/m™2)
20
Lx =t
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r\l

B

o|o| x|

40

T

Exited: 255/632

Density
(oces/m"2)

2755

1775

0795

90

Exited: 579/632

30.0

Density
(oces/m™2)

1205
1ot

0795

120

Exiled: 617 /632

120.0

Density
(oces/m™2)

2.265

1.205

0195

180

Exited: 628/632

Density
(oces/m"2)

2758

2.265

1175

0795
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L i 195.7
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Time in Seconds
Figure 24. A|LIZ2|2 D2l A|Ztol|l 2 Room 85, Room 95 A A X} =
FESUMMARY***SUMMARY***SUMMARY***SUMMARY***SUMMARY***
Simulation: SIP(B2,B1) ELE-1
Version: 2020.1.0219
Mode: Steering
Total Occupants: 625
Completion Times for All Occupants {s):
Min: 1.0 "00260"
Max: 195.7 "00003"
Average: 48.9
StdDev: 297
Travel Distances for All Occupants {m):
Min: 0.0 "00447"
Max: 132.6 "00484"
Average: 49.7
StdDewv: 27.2
Figure 25. AlLt2|2 Dol w2 A2 ol ZT}
TA Z2oE =lstH, = dfoA|zZb2 1x, =0 tHulA[Zh2 195.7F0]22, H 489F7F 2= 1 0]
Hale 24 oS Halzk 00m, ZoH OIS Hals 132.6m, B OIS 7ale 497m2 Lietict ALl
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2 De AlLE[2 Coll tie| WM Oo|Ee| HETF shatE, AlLt2[2 Boll tiH| Sipe| H2
AHE|2 D= AILIEZI2 A, B tHH] "o CHu[A|ZHO| 2F 38%, 37% ZOISAL, AILIZI2 A,
| AlZEO] 2k 34%, 20.57% EHEUS.

FIt= AlL2|2 D2o| =t cHufAlZb2 A[LE|2 Cc2f =[Cf CHu|A[Zh CHE| °2F 34.28% £0{=US. Ol
Huld=z2of &7tof we A seol E0E 5
ALESHEAM SAlof A|H|OlH o MALSEE et Al gm 2 O tfuofAlZto] 25 Ziash #2F of2f,
i Al FA 42 50 otdet tu7}t 7tse A2 EHCHE.

—_ o

6.3 Al=2lo|]d Z3} "W

/o] MEE2 AQAIZH HIIE 2I5t0, SYUSH A EYAE FELZ v xSt o0, MHE & Of
lYE Xt 35, Xlst 25, X5t 1500 vixISIUCE AlZeo|Md Zot Ae|Holee] HE7F 7[&EL| 0.5m/s2
AEE ALIEI2 A2 AlLf2|2 o E9 "o oimAlZio]l ZkZE 79.6%, 50X2 SIP 9 %x[7F FIHEO w2}
= tfuAfZto] ZAast¥et £ & o A|ZE2 AL A, B, C, D& Zt2ZF 298% (5.238), 246.4=
(4.1082), 297.8% (4.96%), 195.7xX(3.261=) =L =[UCE SIP /XE 2R A8t de|HolEHe £EE #HAS
Al, Zlof CHEA|ZE2 AlLE]|2 A, ALR2[2 Boll CHH| 242F 34.32%, 20.57% EAEUACH B CHu|AlZt2
SIPE 270 S22 ALE Al 2k 38% ZEO0{=UCL FEWESF TA|Q| X5t PAte| Tt SHA AlZE X[ &of

e obx| e oA sZ2Ee 2Esken 4=, XU E stk diztxlel AlZtg e=22 A ehst
AUt m2tM F 7 S SIPLE XHY 49 t3n €2 Z2ES €2 7 Utk AlLE[2 Dol wE AA
Al f12] 27HK] AEE 25 UFAI|= 2 U

m2tM 2 AFolM = CBRE &% Al X5t AQAlolA SIPE XI5t 152 XSt 258 SAlol &85t
A2 M ototot Xt Mol sSIpe 2 o|sshen ERet AlZb2 I 3-601 M5 e QAC

[ o

Table 30. AlLt2| 0] whE CHu[A[ZF

AlLtE| 2 o liljﬁll\l?_* [l lZIiJ_LI/\I?_F
(&) (&)
Act + da|HolE == : 0.5m/s,
A T 79.6 298.0
SIP(X| 5} 25)
A + d|Hole] HE @ 1.0m/s,
B o 78.0 246.4
SIP(X| 5t 2%)
Ak + dajHole] £X£ : 0.5m/s,
C = o / 50.0 297.8
SIP(X|st 1& + X[t 2F)
AT + dajHole] ££ @ 1.0m/s,
D L o 48.9 195.7
SIP(X|5t 1& + %[5} 25)

Table 31. L2l A= Zd Al CHu| Alzhof 25 A7

o - ASET
=27} 2 Sax| EEHR] oy | M EF
CAHE SAY ZZ oAl ZgZ 27 10 &
i 9l sz Ho iRy, x|,
o= A A IR o SYUR|H of uf 7 6.0 & Bl =
x| &(2018)
ZHE oA Zgz 27 10 B SRR
ME O] ONPPALD TOre o swnid | okdst veimiA 6.0 = Blal S
SHA NES
o| = FEMA 453 - o AlM 5 & RFEﬂHéi =
o
Handbook of
os Tsunami - Chm Al 3-5 & x| 7
Evacuation
Planning

% NFPA 130 - Standard for Fixed Guideway Transit and Passenger Rail Systems
% FEMA 453 — Safe Rooms and Shelters
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= AFE S5t zHo| SIp /x| ME P2 of3zk Zol et
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1) Pathfinder 22 ZM 3! CHu| Q@ &HY

* PathfinderS &%t Chu| A|Zz20o|MollM JtE HAY DAY S Saafjof &

« AlSEolM 2Ho H2 J|E £H OolH E= 2o|N AJdE S8 o MAHE Sof CIXE ME
&g

o FZEE HMEE 3D BIM2Z ZY F Pathfinderdll &350 ZHES 8l &

o AlZ20|M Al THmf Qe MM ITIESAHELA MI3ots Y, AlZHHE X|5HE 0|82 %= olo|H
£ &oll zch So5tat s MAEF

o SXt Q0| BEUEFNAM XM22 TESh= AlZE I SHAF QlRlo] X|AoA ERESZR O|Sste AlZE
i
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1.1 4 ufH
tistol=2 st Ssto| X5t U= FHAEOAM H o ARES %‘iEF x| Zoll= 29| H|
HEHA @l o]l &2l BEE, o|&==(S)7) =S Hiy SE=Z A8 ¢ Aotz EE sk b Ak o|HEH o

0
& 2|2 (CBRE - Chemical, Biological, Radiological and Explosive Attack) O| ZX{st= ZLfol=
A tE, o™, AdEE S Mol 5= A HZX Yo @7 XEF22 dxg Fol thu Ald 341 74

[ = S 5 S, 2 [=)
aof olzh 3 "2 X|AH, ST 2wl X|stAMEoll 23386702 338 AH AlMO| HuA|IMEE K|
Yol 22 Aot

Table 1. =7tE X[5HE HI& At

=R = 7t B2l A
7 July 2005 == London, United Kingdom London bombings
11 April 2011 I Belarus Minsk Metro bombing
22 March 2016 I I Brussels and Zaventem, Belgium Brussels bombings
28 June 2016 Istanbul, Turkey Ataturk Airport attack
3 April 2017 I Saint Petersburg, Russia Saint Petersburg Metro bombing
20 June 2017 I I Brussels, Belgium Brussels attack
15 September 2017 | E¥= London, United Kingdom Parsons Green bombing
SHA|ZE o2&t +x[2t= He2| 2Y IS¢ tHFEe| tio Ald2 SEet #x A7 0| 60m? Of&t2|
S HF I Jhsst XstEel s7to|H oo AlM=Z XHE £ Uch 2a| s FAA ZTUS 2 SElof &
ol A2 ™A X[d3 7|28 2359 7|58 & = JUAX|e gt MM 22 228 ez
FEO 235 7|ls2 E&SHA X5t Uch hm Alde| SEMA 2y AtglolM EH2 77t HEXHCE 2
of UM = =0 o5t Mol Cho Al|Mo| ZE¢et thu dtg wW3stX| ZotctH ol o Z ¢y
iE WMAZ JtsAo| Aot w2iM Fufel A=E De{e of A cHu A[Mo| cist MAZ|E =&lol Al
=t é}%OIEP. S3AME HIAMEER2 WSHSE SRHX|E MR == fXE FsICE 0| X7t /2
oF Mol M MESHA tHu g = A 2ZE O|SKE =3 = U= Ao Uofof sich
R Eol i Alde S8 Px MHTIE 9ol 6om? olatel W& HEIL JhsE xstEel Zzto|H
ol AlMEZ XME 5 Uch F, FAA Z0US ES6liof & o] A2 X Xd1 2359 7[s8 &
T UAX T 22| Y2 RES ES Vs EFESHK| Rotl Uch i A[Me| EMaF ZHH 2 Al
B2 o7t HEHMoez 2o U =He=d HAH XA 259 V|lsg2 ¥ £ AWK 22 pezs
Bol B35 7|52 E&SHA| Rotl Uct o AlMdel SMA At &b Al B2 o727t HFSHOE 20
UA| =|=d o|z{st At=tollAM cHx| A|Mo| HEst 7[&E ¢ !

x4
ol0] AAEICI o= Of 2 oIy HalS WAYAlZ
JbsAMo| 3ch wmalM Rujel Algs TaE o X cjm Aldol 3 MAY|E &2, J|E cju AlAe]

2 jmzs 98 tjdel £2o
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Table 2. M= A= 0] g A|M &H 535

Jou
rok

o
_ E zz8
_ | g er | zew =g x@ AN xE Al
NE D o 1000m® |, EES s2g | +82d | EES N EE]
(1000 m?2) (%) H ) (m?) (1000 m?)
EHA 46,918 38,707 23,727 107,180 276.9 129,915 34 10;91 23,386 107,078
Mg 10,388 8,570 4,114 27,389 319.6 33,199 - - 4,114 27,389
A 3,453 2,848 1,922 6,594 231.5 7,992 11 5,031 1,911 6,589
o+ 2,455 2,025 1,467 6,254 308.8 7,580 7 9,486 1,460 6,244
ol: 2,930 2,417 1,204 5,834 2414 7,072 175 23,163 1,029 5,811
a5 1,470 1,213 718 2,617 215.8 3,173 5 3,320 713 2,614
™ 1,631 1,263 1,235 3,745 296.5 4,539 8 7,722 1,227 3,737
24k 1,087 897 614 2,158 240.5 2,616 5 3,119 609 2,155
MB 66 54 29 379 696.4 460 - - 29 379
47| 11,628 9,593 4,625 33,312 347.2 40,379 71 21,999 4,554 33,290
e 1,325 1,093 826 2,130 194.7 2,582 34 13,338 792 2,116
55 1,253 1,034 767 2,194 212.2 2,660 - - 767 2,194
&4t 1,350 1,114 702 2,651 238.0 3,214 2 1,086 700 2,650
ME 1,440 1,188 817 2,762 232.5 3,348 10 6,630 807 2,755
M 1,266 1,045 1,569 1,852 177.3 2,245 - - 1,569 1,852
a5 2,046 1,688 1,155 2,741 162.4 3,323 12 5,918 1,143 2,735
3 2,665 2,199 1,510 4,000 181.9 4,848 1 1,107 1,509 3,998
3= 557 460 453 560 121.8 679 - - 453 560

=7} S A ALLR
ol= 226 590
FH ket 11 26
HAIZ 2 4
Folzgz|= 1 96
satd 3 202
E&H|o} 1 4
A 1 2
Zejm 1 10
U= 1 32
olE 1 1
Bt= 2 201

=2 X5t s7to| Soi®oll w2t SIP7EXR|e] okMEH tHu|Zd 27t 27 =10 ACH NAFA % IBC Codedll M=
ol & Ae[HolE e Wg0| +=F=0f, At ate W Al A2[HO|HE St Lu|Jt 2T == FAMo|ch 53,
9.11 Hi2{ ZAl ZfAKXLe| oF 12% HE7F H2[HO|HE Sof tHulstL, 2 LM Ao d7|= fF2=2 4
Sot7| mWZoll, XI5t uollAel dz[HolE A0l 7 =1 RUct oo oj= § M=M= B2|HO|HE
stte| o the =z ol™stn, A ctnt AW o|HE o|E8 tiu| WS HMAlste= AFIF &s| Fl=1
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Table 4. X[k He|H Ol SFE EFHE
P, g xof _
A a8 | =ojolg I E =S 7| E}
MxledE Tx8 2|z E
(cH) (th) (cH) ) o) () (o)
15 38,224 18,2779 7,925 8,526 234 7 3,253
16 45,120 21,311 10,112 9,343 248 19 4,087
17 48,789 19,255 12,997 12,057 315 23 4,142
18 50,497 16,891 14,462 14,786 362 36 3,960
19 44,603 14,967 14,929 10,071 548 74 4,014
20 10,455 5,028 3,304 721 197 0 1,205
M| 726,795 273,033 188,892 155,576 4,073 161 105,060
H| Z(%) 100.0 37.6 26.0 21.4 0.6 0.1 14.3
1.2 U o7 S
TE7| Hum AlMol| Zet HAFE FAIR EMoR SUctE HolM DIzielg tjatez S o AlA
of M35t o stA7l A2ni, i Mol et 2 ok 2X| 2ok SHX|EF 22 HIHGHH LAE D U
= g2z olsf oiziel 259 228 oful AlMof| e mAlo| Zofx| Qlch E3 MMoz olsf e
qizZiel wmafot whsh o|AZtdoM = olZiel 258 FSXMO=Z st A|PdE | ofm A|Ad(Shelter In Place,
SIP)O|2t= A2 FEfe| ofu AlM JHE S Fetst¥2nd, 911 H2 o|F 0|=Z2 FA2Z ozt el

i Aldol MAXMSZ HX[ZD ACh

il

Bho| |2, 2008 Lto|X|2|ot obF A} Ef2], 2011

B7| Y7tk B2, 2015

Figure 1. & MAM2=Z ddst B3 &
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7t2 oz X|SHE HAtollM da[HolE = detelEE2 fIE =7t ofd FOfRlolLt =oAL AMEE
2 flgt 852 AEstE22 HE7F ek dafwo[Hof Hlaf =2|A MAECE wetd 2 AT ME AlLtZ
2E deolHole & o X H2Hole Hxof wWE AlZeolde MASsI[Z Stot HA Y T of
A LR, FHofelEse WA QT SHXAE 7IEL2 LPESHL, XSt 20| |2 0| SAS S LalH ol &
€ O5 CRIZ2 0|Ssles A2 JHESE S et
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2l7t2 2SH2E H[HA ARl MAME 2E35H7] fI5t0{ o|XMol| UH Zo|Lf, & ALESte 422 ©
£2 T 2stXt oot wEtM A2 olE7tK e BE 428 2| gl ®I|StA, deHole WEE ot
Sl 2= =5 ®7X £ Z2lsts Aol SK5ict HEZ et 2 & fIe o4& 2l ET[ols At
g Al =olg flsl g ool iy EAz dXSHX|H 2 A Mol MZbsiElol w2l elzke
SZH0| 25350 Mk Ll XYoot gefo 2 MAXSo| Aok FItE, Mk LY dEez F
B0l OlFfXH, 2lZt2 2sHLR HE2 X2 ustay oot wetM 2HE 25 Moz fEs
HEHez # st, 222 e = Ac 42 ofLstojof sict

2.2 Ofxfef 7|& &

1. 2gtsk u28 SEs A

2. YAIHMo|X|gk elzte|l Edlo| m2s A2 MIdEezE & A

3. 0o F2e che HEE A

4. Fool Proof (ZAtECH M ALEst0| AAMo=z 2dotE = ULF St= A), Fail Safe
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3. o Z22& Bk Yt 2ol E20 AKX of3] H ZHol= =&, AZp oo FHT &2, A
£ 27| o2 tHuACte] MA= ulsiof Ttot o WSS =2AH d2lHez o2 defollM ofF
OX|22 AY|7t 7I5 T+ &efollAM CHulsts mholl= etet cfujo| 7IssteS i Z2= thest &

2| s 2AZiol Blm o SIS ,
T S0l U ARZES Helo| AEHA Uikl cjEsts MBS of Estod, olo| w2l 35 Rl cfm Alzte
ol zbztof Cf 8t 518AIZHD} BB, ASSe| ffI] obXAe ZE HylsC

B One Counts of Redundency

¥ Two Counts of Redundency

[ Three Counts of Redundency
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Ral
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i
Ar
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10CH 7B 60t Of &f7bX| A AXte| Lio|E EHEE I tfju|defo| S42 FEc A7 A tASY
d A7l T I 22 HEY 50%E AKXt en], 52 s ZXHO
=E]

=

ofiel S EdST I cfullefo| et A= 25%E XX CE Lo]

o =

oAt EESH 25%2| H|ES LIEHHCE 2L} o|F Lol EH SMof st o= 2000 Ol AFE 60CH7HX| 2| o
HES Aoz st AFT}F J1HE EHton fob 2 o202} 700 o|Ate| i Xfof S A= olH|SF 2
OS2 LIEtGC]

242 XA SEMo| T2 24

-
Visual Wareness = Sign of Smoke

W Auditory Awareness = Change of Lighting

= Visual+Auditory = Smoke+Lighting
| &2 (b) =, Alztofl w2 2IX| g1}
5. MAXte| elX|Zotof| wE EF

ol x| &

A
o =
ol= 3txf ZEQ Ze 2&xA



B2 ste =7 Y| RY, $2 TES TY S A0k Yalsts T S2= TESICH AN eIX|
zAS A WXH 54 B 3% 52 482 ANFUSH, HUN TUS 3y, AFU BT TEHE
HATRE 4% BIES AXBIGUCE OIS B 73 Bo| SE AIZH x| MES oi7] Rl e
Mol 41%S AXSYS FES, ¥ T MY S ZYMoll I MEo| 53%= LiErED, #7|
Seloll BB TAME 6%2 LiEtget

U2l da|mole &#& timl &

o -

(c;:
-

3.1 = He|H|ole && cfm| M

s

A7

3.1.1 = dz|HolH #E uE

Ao

3.1.1.1 AHEF(2012)
2 =F2 Pathfinder®| T Z2 o=z %%‘7I #QF %%‘ﬂ% olgst tHu| Xt =2 MY Mol sl o
| Vi

TSI ATFEL, tu M SE7|E MR A

K
E
=
O

3.1.1.3 #H=Y(2012)

2 =2 A QYEEE 186t e W MAXES & ol AlZks zaste 5+ As dGFce
Al ElX XA u 2@ E MAISHES. MAXIE ol &7 2 dfnofst=Lfol| w2t & cfmfAlzZto] P&t
2 37| fzoll AdU3sts AXEeR Lisl MAXES SHUS ALtstod ol E 7|82z thu| AlS2

32 =2 dI|Hole & x| MAATF
3.2.1 =2| Ha|Ho|E EE ohm AlE

- 0/= LAS| HAE CIEHAHOIE 28 A= iHH
odE TR K&k 628, X[t 45, = =0
o utslelAl; 198854 22:37(ERAIZH 158 HE IIJ‘HIEI Hoz FH)
u
Lot : QI may A 1%, HAb WIS 35Y, A2 14 22T

=
125~155 7K d2(20 = A 2)

04650 AT HA2R2 ACHS 0[&310{ 3057HA| L t2Lt 201 EEH U0,
46522 =HEotrt B @ HI 2 s¢7|E o[ 85t0] Hulsti S

04580 AHY HAYU2 ARAEESE d7 > SZ7IE U, o A2 Ko E el CiA HE2 &
2, 2957t SZ7|2 SEt7tL, oA ATt =2 3157HX 2271 A& =Z3tet 6He LA, 52

7|2 Husii=

- UE RQLAAFIA| otmtE HAE A
= 72 : XA 145, 4= =0| 2f 41m

FSERIA| : 1989.9.9 10:40( 2 AIZF 10:455)

o
[l

o
mlI
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2t 5t 5 105 (1002%)
ol Lfed : Qlmdusl- Fo 1H
A=nsl- Uat SFH &4FF 3390 B
oA H©A|l 105 o|atof U AlRI2 260|200, 21 XHSZ Of 7|5t 1T,
5E=2 agttioll o FE=QJC A HufX 21 F, 12Y 2 AtE S,
LIHX| 9@2 SZ7|E 0|85t thulst¥ S
322 =2 dajHo[e 2 =&
3.2.2.1 The University of Jordan, (2017)
2 =22 n5ddollAe SZ7(e s S MAd dis ciFD JUS. 0E AdA=o 2Hesh weE I
24 HToM dMst= EAECE otH2l HE A== ofE DEUGoMe A MAoAMe 248 Cf
21 IS
SU7| AABIL 271X g S MAIE A Hu HH2 F ZEUAE 2o St AdE W dso ZHsSH
of AlZao|MstAS. 2t2te| oz Aot Ao das 37| s dutxel J|FES Jiwst=d of
2ot LAE ALSE O|AE2 729 Jt& z[HMetE NS ALEsHY| fls] dAXA AlZ4Ael EF0] &
= 2At2l ChartZ H1&st0o{ LIEMH
5o g2 A Mo gre|AEel MAZ|E 2 AlFE oMo 2SI S, ATF0| 2H|E EZetst 44
o 4ot 28 HA=E2 =gst 13 HE A & =10 JUS.
Table 5. H| A8 Ae2|Hole SLE 7=
Total building population in persons (@15% arrival rate)
floors | 500 | 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | 5000
10 [ [ [ n ] [ [ [ [ [
20 i'p* | m [ ] | = m [ [ =
30 i'p* |ilp* | m ] ] ] ] ] ] [ ]
40 ilp* |ilp* |ilp* | m = m [ = [ [
m Possible combination
* Improbable configuration due to the low population per floor (i.e., less than 50
per floor).
Table 6. H|AE Hdz|H O[5 =30 E £ CHu|AlZt
. . Average
Average Waiting | Average Transit .
. . . Time to
# Elevator Location Time Time L
. _ Destination
(X) () <
(&)
1 One Zone with Eight Elevator 105.1 102.5 207.6
Two Zones with a Total of Eight
Elevators Four Elevators for the
2 8 59.2 67.2
Lower Zone and Four Elevators for
the Upper Zone
Two Zones with a Total of Seven
Elevators, Four Elevators for the
3 15 65.7 80.7
Lower Zone and Three Elevators for
the Upper Zone
Two Zones with a Total of Six
Elevators, Three Elevators for the
4 26.1 67.6 93.7
Lower Zone and, Three Elevators for
the Upper Zone
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3.2.2.2 Min and Yu (2013)
nsedo] =2 o @40 AE|HO|EL HeE 25 tHu 22 &88H Algo|ch

EVACNET 4& ARS5HR L, =& stEl Ada|H olE

S St 222z deHolH #E0| O 28X

o woh tfmAlziol O EHEEE o Utk

~Percentage of people using stair 120
100 - -=Number of people using elevator " 100
80 Evacuation timestep . - - B
"\ .—'*{“‘“‘—r"-"‘_‘_‘-}_’::’l 5
&0 7 ol y
'-" ..-i ‘+.—|’" w
40 & » ooy a
YIII—I—I—I-IJ
20 /-"- 20
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0 —++ 0
0 50 100 150 200 250 300 0

(a) A2t chol Al &8

Figure 6. z|H|OlE X ATt &S0

X AEtS uixISHREE tE el)ol
Q

=
ol As & = Ach SHX|E chaf 2l

= O
ol w2t A2|HolHE St tulo= &5 & th7|AlZto] EestE2Ez 2840| MotE s

UCH AlLt2|2 s Z 2t W H|O[E{t AHEHES =2

2 M7t Algt & A2 HolEHE W=

-+ Percentage of people using stair A
-=Number of people using elevator Jrae
Evacuation timestep y
ARl
p I—.—."'_r
.‘." - .*"-n_h‘__*.-o— Tty
- meicdl - i

P f’
¥ ; VAT

&

P i
50 100 150 200 250 300

(b) daltolef AT S5 &&

me A2 thEAlzk

12 0
1 11
14| 12
3 5
£ 9 13 &
el 3
@ w
z 8 14 B
B o
g 7 1%
-
o 3
g g
@ 6 frr
g @
S 3 17 8
s s
5 4 185
£ Note: 3
5 3 Calculations made lg E
= . 2
with stairwell =
2 evacuation of the
lowest floors and 10
elevator evacuation of
1 the floors above. 4111
0 L L L L 12
Time (min)

Figure 7. Hoffman Building2 22|t 0| &
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4. =< Az[HolH HAZ[E

4.1 =L A2|H|o[e] HAHT|E
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2) 0| 31mE H= Z &9 "HIEHA FAHIL 500m? 0|5tel AFE
3) £0| 31mE W& R 557 470 5 olstEAM Yol 2 52| HEHEE 200m?
(8 I UK Aol Mske REo| niztg 2R 2R § AR 500m?) ofdfoic

wslpEom TEE HES

Table 8. CHu| & AWz|H|o[E] Hx| H

= ) = R M| %
1,500m? 1CH o4t

1cHofl 1,500m2*E &= 3,000m? o|ufotct
17H4 FhakeE o= o &

1,500m2z =1}

415 ¢l AaHole MHAV|=
4.1.5.1 o =cke| AW olg 7|&=
Mt AbzE gk Al AE|H|OIE{E S8t I E sHMM= HA Az2|HolE2| oM et Z7HElo] Mall = of
of ghot. iz Mu| EHEZ CHu X7 de|Hole{E EtD Chm ZEA7tX| oPHsHA ols& 4= Uo{of stoy, A
2l olE{ kx| o] CHE 27} 2 &ts| MA|=of cHmXte| M| AS Z0jof stch FII2 T Xtof| w2b chl
(0]

E1 Lokl HaHolEE F=otof A & 2L 2 Stofof gtk

4152 deHol8E ol et tfuo SF

1) A e a2 d= ™A AFKS0| =27 Ms| tfuste AS SH2=2 St H|ak il
2 ofojgteh MMt S35 =2 d9o ME= X s, ZetH 2, datsty 34 2(d, 7|
YOI, XtMs 5o Aol MAciulo] & + ot Lok, AE WA M, e 2 ALS

Mgt thol 7t @ == dEME MAcjxo] nE 5 Uct

2) HHAH Bld Hu2 dE2 HF Yoz Li5o] o & 2@ AF™o ALZAte| (x[of w2t s
HHTFHe R olsE SH2 R st tfulo|ct

3) Fed HY Hu2 d= Wl EF AFA 259 tuo|Lt tHFHoRo| 0|58 SH2RE St O
Tlolct.

4153 de[Holye H=

CBRE AtgtolA AlctobE Zo| HX| 2tobM 2 $2
Aoty S 2| A Rste 2s0l=s EES gt

(Md| Eohs EH, de|HolH= E& 0.75m/s ~ 1.0m/sZ
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~ dalsjolefo] slolojol Mol 22 S AMEOIM 1AIZF O[AF XI&E 4 9l= A2 23 of
3:!-
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25 o ScExE Mxsof B
%= tymze| WaWolE Landing Door2SE| 7} olE s 9xlol ‘ThE Yaluoleatn
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e | HEEPICCIE E F22 REe s glss sE du) 2o
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Mot ol & EEsts 24 HE 2 dAAMez HEista ot wetd SESt cfetet ASSo MAXE
SHo=Z of thul A 2 AtetE ezt dFo| HEsh otgsizts 2ol ELstotn ErekElch

EESH Fire Safety Engineering @ The University of Edinburgh 40th Anniversary & Celebration, 1974-2014 2
| Egress & Evacuation models 230l 2|5kt 65M| O[&t0| =T 18M[~ 404 Ato|e] Mol HIEELH

20~25% HE S ZTCh CfAl oA EdETo| 7t 2 de2 olxs 222 Lolet dHol2tn
o

o
Ral

- 12
10

42.2 IBC AAIZ|&

- Hu g 5271
0

o
gkelol ol &35t
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o8& s&7l= AFA 222 ALESH B&Ed = JALS MAsiol etct of 5&
7
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7= 1MZte] Wtz ol M el 2 MIS=ojof stf, WM Et AAE 1,

m J
:r‘:
El
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=
min
mjo
R
o
Rl

Ssllof st

ChEzt 22 AlHElR & SHHE ttRs 28 22 240 wet thuol& s87[2f 7 Z-Ecth

1) 3Y7IE 08510 M ZABOIA CHZIE m 1A1ZF OLhel AlZto| 2R%E AP
2) U712 08B0 & BEA £ I 2 A%E MOl oA HEE 1 152 olhel AlZbo|
~o5E 49

1) 2& 2712 2H|= W&E &+ (Interior Exit Stairway or Ramp)oll && T2 & = Aofof &
2) Ztztel | & SZ47|= ct22h &0l F Atk HIEHA S JHXoF gt

O tHu8 &Z7| 24| "gi2EHAM 2 121 3fi2 (0.28m?)7F ER25t0, HIEHMHA 2 HFXLe| stES A
Al

25% O| A
@ hEE 527 2| HIEHEZX2 30inchx48inch (760mmx1220mm)2| HAEE st 7§ olatel EH o =
g +38ollof &

= ol ofstH, Ae|HolEo| MX|= =0| 31m7t = dAEFS0AM IH7|Ent S MR =
£ Metstn Act of7|of] He|HolEel MRS fIiM= 1HE BIHHAO| 10m? O|&t0] ERs5tH, SUf &
i 2 o Satel g, vy ZME Mu|Jh s, tufXte] Eet oSS 12{sld EAISO|
MR =0 e, het7=o| HE 5 HoZ O0[F0{X, CBRE &&0AM AY| 5 RFEIIAZFH Cfm|Xte
et dE UHstal UCh CFF2l Ze L= 8ol wWE de|HolHel 7= X F2 AlehS Ay Aol
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Table 10. @2 Adz|Ho|e F+= 2 A

7= TEINE
2ot = SLE, 7|HY, sZ&E2 Y3 228" A
SSHEHR| SUZAI M| ZEA|EET} A=t JtsEr A
oflH| XM SHHZ olst ™ Aoz 2 = JUES & MAK7| LM AHd])
U HEALQE LZE 60m/& OlA, &) 15%H &, $27] A2 20/ 150mm O| 4t
ot S | dMAols S =822 H& 2 S H|&Adle 2 gez ME
2 A Hl&Al o[ S22 FIE FE = UESF stil 2N E0| JIISES & A
LM 2H X | & S H[aA o SXTIE L E2E o|sA7 &4 2 tinl, tf7|st= gy
ALEE A EXA HO{EAlE Ji M JiH Fabe HA(VVVE)O| T2 AL H
4.2.4 3= (GB 7588:2003)
(1) &4 =
- (84 stE)752 At
Table 11. dz[H|olH ES o e 22 37+
=4 T A 38 ¥4 (m?) =4 T HAa 38 B4 (m?)
1 0.28 11 1.87
2 0.49 12 2.01
3 0.60 13 2.15
4 0.79 14 2.29
5 0.98 15 2.43
6 1.17 16 2.57
7 1.31 17 2.71
8 1.45 18 2.85
9 1.59 19 2.99
10 1.73 20 3.13
20 =¥ A, 1909 0.115m2% F7}
Q) =t =& HH
Table 12. Az|HolH S FH0f e Ze HA
34 st5 (kg) Ztf 38 7l MX (m?) HA o5 (kg) zZth 38 7t WX (m?)
100V 0.37 900 2.20
180% 0.58 975 2.35
225 0.70 1000 2.40
300 0.90 1050 2.50
375 1.10 1125 2.65
400 1.17 1200 2.80
450 1.30 1250 2.90
525 1.45 1275 2.95
600 1.60 1350 3.10
630 1.66 1425 3.25
675 1.75 1500 3.40
750 1.90 1600 3.56
800 2.00 2000 4.20
825 2.05 2500% 5.00
1. 1218 58719 z&as5tE
2. 2018 &Z7|9 2 As5HE
3. 2500kg =2} Al, 100kg Z7t+et mjotct 0.16m24 7t
HAIE stEe SZHgol i = MEEZIHE ol
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4.2.5 78 (BS EN81-70)

(H 2t =& HH

ofr

Fz|mlole B ol

— =

Table 13. A0 E Stt

r

. e 371 (W X D) A
Type of Lift Accessibility Level
(mm x mm) (4)
1 199] Fajo] AF&3 1000 x 1250 450kg (6%)
2 1959 EAo] AFEA} FHkel 1100 x 1400 630kg (89)
19 o] dxo] A8 + ofg] o] Fukel
2000 1400 1275kg (17
3 (st A DAlo] B 7 " g (17%)

(2) WalHOlE B olgl o 732 A

7 ) ) 5 R

450k 630kg Bo0kg 1000kg Stretcher & Square 1250kg 1800kg 2000kg 2500kg

Flhg

Figure 8. ¥2|H|0l&] & I & A &AM

Table 14. &S QI {0l wE Wa[HolH 4

8 FAD 37] (W x D)
6-Person (450kg) 1000 x 1250mm?
8-Person (630kg) 1100 x 1400mm?

13-Person Stretcher (1000kg) 1100 x 2100mm?
13-Person Square (1000kg) 1400 x 1600mm?
17-Person (1250kg) 1950 x 1400mm?
17-Person Stretcher (1250kg) 1200 x 2300mm?
21-Person (1600kg) 1950 x 1750mm?
21-Person Stretcher (1600kg) 1400 x 2400mm?
26-Person (2000kg) 1500 x 2700mm?
33-Person (2500kg) 1800 x 2700mm?

(3) He|H|olE ZHH Azt

- HE AlZh o AEHOIE MOjAIAEoAM o m2t S JHH AlZkS =EE & UCH2~20E At
ol). &AMEt 82 ct31 Zch

1) Eel HE 52 Sol th7[AlZE eF Jts.

2) EAHOE Bt U= ALEAL HA| delHole &5t =2 AlZho] 2RE

m

mo ok
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4.2.6 NFPA 5000

NFPA 500001 2|5tgd, chm 7odof QY
E| 2tM5| H S = ofof 5, X|SEol =

¥ rr

fr ol ne

2lHolE = =M=z elgt MEAIEE Al & Jiset Aezs
Mol 3 350| 7hs3stn, o7 ol =X RES MHR|F

of 2%} tHul o222 ALEE= d2|HolH= HF ol 2F 90% OlstE Bs
SRt Aglol Hu SFS EEZE 100% =2 =[0oF gtot AMeH WE2 ChS

1) thu s240| =[x 82l o|4olofof &
2) O"EIHIOIEUP 2= ZE 30l sZES MRt sZTe SeH2 o A2 o4 et A
2 EFs5tofof st 2ol Ho| 7|52 stofof
3) 0E”EIEHIOIHBI 22 F & 1AZE o|&tef Wetd 58 E75t0{of St s EE F 30222 A
oM ZH™et x|t} ™o|2x=7t FH 2EECt 250TE L

Z5HA| glofof St AT HX| 7| B
Mool ofs AtSH4f = ojof Tt
4) He|Ho[E{ 7t =of 23t =& 2ol Bl=F tfx|=[0{of 50 ST AUD H|& HAO] 2F HX[=0f
Of 5t ©™=d 5! Hol& v a7t LdsiHets =& (A2 o4 2S5 d &8 2Es5to{of &
5) delHole & sZFols SYHMo gt gtk SAMuE|7E MR = 0ojof St X|Zlo| HHYES W=
Ae|Ho[E 7t 2S5 = UTF X dotfzS =Esto{of &

4.2.7 ADAAG Manual 2004 (A Guide to the Americans with Disabilities Act Accessibility Guidelines)

o|= ADAAG ZIo|E2|elof w2 EE2 F 4 20 SO

=
Attol e1g = ado| Ze = Aok ofZel A2 & 51EAZHE Fote o ALEE L

Q
n
30
i
(@]
ofr
]
Ih]
o
1
ujn
=
rir
it
i
kR
rir

time in seconds
[
unacceptable

CEERTETE RN R N

T

s & @ W 12 w 18 B
D distance in feet

Figure 9. 7z|ol| w2 de[HolH ol5 £

= D/(1.5{t/s) or T = D/(445mm/s)

*T = MA chxm Az
D= 2H| = 22825 9o{Z H2| 60inch(1525mm) LH2|Z | &t
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42.8 &= : &Z (Code of practice for the design and construction of buildings and building works for the

installation and safe use of lifts and escalators)

Table 15. A2|H|0|Ef Mx|E 25t =& x|

Well Min.

Car Internal Sizes R . Clear Entrance Pit
Rated Rated Dimensions Depth Headroom
Load No. of Speed | Width | Depth [ Max. [ [ Width | Depth | Width | Height P 5
(kg) Passengers (m/s) Cy [ Area c, (r(:rgn) W, wy e, € ( P S (mm)
(mm) | (mm) | Gum?®) mm | mm | @m | @m |
1.0 1100 | 1400 1.66 2300 | 1800 | 2100 | 800 | 2100 | 1700 4450
630 8 1.5 1100 | 1400 1.66 2300 | 1800 | 2100 | 800 | 2100 | 1700 4650

1,75 | 1100 | 1400 1.66 2300 | 1800 | 2100 | 800 | 2100 | 1800 4850
1.0 | 1400 | 1250 1.75 2300 | 1800 | 2100 | 800 | 2100 | 1700 4450

680 9 1.5 | 1400 | 1250 1.75 2300 | 1800 | 2100 | 800 | 2100 | 1700 4650

1.75 | 1400 | 1250 1.75 2300 | 1800 | 2100 | 800 | 2100 | 1800 4850
1.0 | 1400 | 1350 2.0 2300 | 1900 | 2300 | 800 | 2100 | 1700 4450

1.5 1400 | 1350 2.0 2300 | 1900 | 2300 | 800 | 2100 | 1700 4650
800 10 1.75 | 1400 | 1350 2.0 2300 | 1900 | 2300 | 800 | 2100 | 1800 4850
2.0 1400 | 1350 2.0 2300 | 1900 | 2300 | 800 | 2100 | 2800 5650

2.5 1400 | 1350 2.0 2300 | 1900 | 2300 | 800 | 2100 | 2800 5650
1.0 1600 | 1350 2.2 2300 | 2100 | 2100 | 900 | 2100 | 1700 4450

1.5 1600 | 1350 2.2 2300 | 2100 | 2100 | 900 | 2100 | 1700 4650
900 12 1.75 | 1600 | 1350 2.2 2300 | 2100 | 2100 | 900 | 2100 | 1800 4850
2.0 1600 | 1350 2.2 2300 | 2100 | 2100 | 900 | 2100 | 2800 5650

2.5 1600 | 1350 2.2 2300 | 2100 | 2100 | 900 | 2100 | 2800 5650
1.0 1600 | 1400 2.4 2300 | 2400 | 2300 | 1100 | 2100 | 1800 4300

1.5 1600 | 1400 2.4 2300 | 2400 | 2300 | 1100 | 2100 | 1800 4300
1.6 1600 | 1400 2.4 2300 | 2400 | 2300 | 1100 | 2100 | 1800 4300
1.75 | 1600 | 1400 2.4 2300 | 2400 | 2300 | 1100 | 2100 | 1800 4850

1000 13 1.8 1600 | 1400 2.4 2300 | 2400 | 2300 | 1100 | 2100 | 1800 4850
2.0 1600 | 1400 2.4 2300 | 2400 | 2300 | 1100 | 2100 | 2800 6000
2.5 1600 | 1400 2.4 2300 | 2400 | 2300 | 1100 | 2100 | 2800 6000
3.5 1600 | 1400 2.4 2300 | 2400 | 2300 | 1100 | 2100 | 3650 6300
1.0 1950 | 1400 2.9 2300 | 2600 | 2300 | 1100 | 2100 | 1900 4400
1.5 1950 | 1400 2.9 2300 | 2600 | 2300 | 1100 | 2100 | 1900 4400
1.6 1950 | 1400 2.9 2300 | 2600 | 2300 | 1100 | 2100 | 1900 4400
1250 16 1.75 | 1950 | 1400 2.9 2300 | 2600 | 2300 | 1100 | 2100 | 1900 4850
1.8 1950 | 1400 2.9 2300 | 2600 | 2300 | 1100 | 2100 | 1900 4850
2.0 1950 | 1400 2.9 2300 | 2600 | 2300 | 1100 | 2100 | 2800 6150
2.5 1950 | 1400 2.9 2300 | 2600 | 2300 | 1100 | 2100 | 2800 6150
3.5 1950 | 1400 2.9 2300 | 2600 | 2300 | 1100 | 2100 | 3650 6300
1.0 | 2000 | 1500 3.1 2300 | 2600 | 2300 | 1100 | 2100 | 1900 4800
1.5 | 2000 | 1500 3.1 2300 | 2600 | 2300 | 1100 | 2100 | 1900 4800
1350 18 1.75 | 2000 | 1500 3.1 2300 | 2600 | 2300 | 1100 | 2100 | 1900 4850
2.0 | 2000 | 1500 3.1 2300 | 2600 | 2300 | 1100 | 2100 | 2800 6150
2.5 | 2000 | 1500 3.1 2300 | 2600 | 2300 | 1100 | 2100 | 2800 6150
3.5 | 2000 | 1500 3.1 2300 | 2600 | 2300 | 1100 | 2100 | 3650 6300
1.0 | 2000 | 1750 3.56 2300 | 2600 | 2600 | 1100 | 2100 | 1900 4800
1.5 | 2000 | 1750 3.56 2300 | 2600 | 2600 | 1100 | 2100 | 1900 4800
1600 91 1.75 | 2000 | 1750 3.56 2300 | 2600 | 2600 | 1100 | 2100 | 1900 4850

2.0 | 2000 | 1750 3.56 2300 | 2600 | 2600 | 1100 | 2100 | 2800 6150
2.5 | 2000 | 1750 3.56 2300 | 2600 | 2600 | 1100 | 2100 | 2800 6150
3.5 | 2000 | 1750 3.56 2300 | 2600 | 2600 | 1100 | 2100 | 3650 6300
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429 ASME A17.3, A18.1 Safety Standard for Platform Lifts and Stairway Chairlifts, The American Society
of Mechanical Engineers

ASME Al181 82 7= XXM, s|l=F2 o7 SZhE 2 802lAl ol&h, Az § 7|E 27 Atg
CHE10 Uk 04714 ASME Al8.1 #8E & SUE 2| ZEt HA SUE 2ZES F VM| g2

mE 1o

g Zoll tiol ctECH

FItE, defHolHolAM 121 0.22m27HX| S Etct d2{Lt HA SHE2 7501b (340kg) S EobHAM = oF
=0, H HAME2 =of 12ft3(1.1m*»)E 2EFsfiof etoh 07| A HZ& 50ft/= (0.25m/s)E HoM= of
7|&2 otzhel et ZCh

0

Table 16. A2|HO|E HA stF, = A Z|0f HIEHA

) Rated -
- Capacity Rated Load o
ol s | @3 aw et | e E
T 5 -
B 33 &5) A
= 7‘:]_0]
(partial) Runway (partial) Runway
200kg (4501b) o] Enclosure Enclosure Provided:
475kg (1,0501b) ©]3} Provided: 4,250mm
. «HSE A 1 4m? (156t 1.7m? (18ft?) (168inch) ©]s}
Vertical
o) 0.15m/s Runway Runway Enclosure
Platform - . , - .
Lit 340kg (7501b) ©]AF (30ft/2) ©]&}k Enclosure not Provided:
1 AP A 1.7m* (18ft?) not Provided: 1,500mm
o)Ak 1.7m? (18ft?) (60inch) ©]3}
475kg (1,5001b) ©]*+ Courtroom Lift: Courtroom Lift:
2.3m? (25ft2) 600mm (24inch)
o] 3}
0.15m/s
Inclined (30ft/mi
neline 200kg (4501b) o4 fmin)
Platform 19 340kg (750Ib) o|3F o] s} 1.1m2 (12ft?) -
[e)
Lift & (BArA w2
&5 719)
1918 A 115
Inclined 8 ke 0.2m/s
rway | ol 2% 2501 (40ft/min) - -
Sta1r4v»4ay g 29 2018 A4 180kg t_mm
Chairlift °]3k
(4001b)
Private 200kg (4501b) o] _
. = 7]0]:
ReSAde.nc 340kg (7501b) |3 0.15m/.s 2 2 5 Ao] .
e Vertical - L NP A A 1 d4m? (30ft/min) 1.7m2(18ft?) 4250mm (168inch)
Platform s o] s} o]k
Lift (15ft?)
Private
Resid
esidenc 200kg (4501b) o] 4+ 0.15m/s
e Inclined 14 N _ 1.1m? (12ft?) -
320kg (7001b) ©]a} (30ft/&) °l3t
Platform
Lift
Private -
, 1914 #2 115ke
Residenc
inclined | 21 27 (2501b) 0.2m/s
e Inc 2 _ _
‘ ° 2014 A 180kg (40ft/¥) ©l3}
Stairway
. (4001b)
Chairlift
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42.10 °l= (MANUAL FOR
MINISTRY OF RAILWAYS (RAILWAY BOARD) GOVERNMENT OF INDIA)

(H 2t =& 8

- 37| : 1500mm x 1500mm, = L{H| : 1100mm
- B2 ol ;138 (1000kg)

- &5 : 0.6m/s, 1.0m/s (Pit Zolof w2} Z2|E)

42.11 &= H ¥ 7[E(BS5588-5)

- 2 2AIZE LiH 2 1A|ZE &stE = JUEE MY St # A 302 oAl dhElE
ZtE5lojof shot

@ &7

- E A EZ [1mxZ0| 1.4m, 8218 £47|

-H8A &z Y3 FHES 12 ol & & s B

- ome £47| sEolLt 7| 2802 A5 & A

@ L& . M2HE 5m2 0|4t

@ U=

- AxElge] Md| MX| 271

ZHZRE SU=2E ISt ¥ Im Oltl= MI7|Ex M|

MI|Ex= &4 =2 T E dHiEo|AM 1m olufol Mx|ZX|

STANDARDS AND SPECIFICATIONS FOR RAILWAY

STATIONS

CEN Standard®| €= wZof w=2H AZ[HOolH HAZIE ¥ XF== CI=2} Zct Aol HE=
0.15m/s2 ™= U1, BS 22 M S ool ZaE Al 18E FIZ 7t £ U2nd, <
sUEIIE B&e = Uch

Table 17. &z2|H0|E MX[of CHEF 2 4
Minimum i
Speed . Capacity Travel
Platform/Car Size
) Medium
Passeng Over 1100mm Wide x 1400mm )
i 8 Person Rise to
er Lift 0.15m/s Deep . .
High Rise
) ) Unaccompanied
Cabin / 900mm Wide x 1400mm )
Wheelchair )
Enclosed Up to Deep User/ Medium
ser.
Platform 0.15m/s 1100mm Wide x 1400mm ] Rise
. Wheelchair User
Lift Deep
+1
Open Up to 800mm Wide x 1250mm Unaccompanied .
. Low Rise
Platform | 0.15m/s Deep Wheelchair
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(a) Vertical Platform Lift

(b) Inclined Platform Lift

Figure 10. ZAl Zt=of & A2[H Ol F&

Landing call buttons
with tactile identification

Sign showing storey
with tactile identification

Range for centre lines ~1100mm
of landing call buttons

Unobstructed
wheelchair
turning space

/ 1100mm min.

> Handrail
"~ 1200r4m Range for centre lines
N e of lift car controls

900mm|nominal

1400mm min.

Lift car controls with

1500mm tactile identification
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4.2.12 NFPA 101, 92A Code2| CHI|-2 Az|H|o|E]

(1) delHoleel o SF2 8H o|& A,
Q) SLE H2 1AMZF o|A&tel WEt 2 Bl M5 HE A
(3) SLT B2 1AMZF o|Ate UEt Ms 2 AT| miMal == AT|ZEX|[7|o oS AtsH A A,
4) A8 o™y S 2ZFL, M2 1A|ZE oA MsEE
(5) 2&er S4IMY| B H{M2 1A|ZE olat MsEE
(6) delHole 22 SZETAM A7|7F X =M, deldHolEel 2|Z2 ol (1EHA),
g ol deHolE WM =522 2™e = U2 A QA
(7) 2HE daHolge 2, ZAR IS, HIE =2, J2|0 d2HolH MZE HE st WHS
=gsto] ALSE A.
(8) ASME/ANSI A17.1, Safety Code for Elevators and Escalatorsoil trt2}, X|Zlo| MM S mf Ao wat
282 SXAME A.
9) &0l A27(7t # A 5cm O|AQl of2iel 28 ol MAIX|E Ctg BEXEHES F&& A,
Table 18. & 2|H|O|E{ol F&te= FXA| &
Elevator Status Massage
Normal Use Elevator in Service
Elevators Recalled and Waiting for Please Wait for Fire De
Fire Service - Partment or Use Stairs
Elevator out of Service Elevator Out of Service
4.2.13 Elevator Design Manual/ U.S Department of Veterans Affairs (0| 2 EF)
Table 19. 570l & AHole 44 E =38
=5 2o 37| | @iy 8y
Elevator for Non—Healthcare Facilities 42 Inch - 1,125kg (2,5001b)
Passenger Elevator, 3.92m?
) ) 48 Inch 1,818kg (4,0001b)
Single Speed Center Opening Door (42.2ft2)
Passenger/Service Elevator, 4.65m2
. m
Two speed Side Opening or Center Opening 48 Inch (506) 2,259kg (5,0001b)
Door
Service Elevator, Two Speed Side Opening ) 4.65m?
) 48inch 2,273kg (5,0001b)
or Center Opening Door (50ft2)
Bariatric and Trauma Elevator, Center 5 362
Opening Door or Two Speed Side Opening 54 Inch (5'7 7?;) 2,727kg (6,0001b)
Door '
«Passenger Elevator: gt EaX} & 2, 2H 0], Zojel olse W ALEste SE71;
Hospital Elevator: &AL 2@, FIE, &d| ol Of ALEst= &2471
(2tx) gHMof, &, SZHoll 5U= AlRE 25 %8 Combination Passenger and Service Elevator: 2|&
7| oA Lubd ol g59| 7H90| e AEolM ALE
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.‘___":7‘- A, S

(a) Single Slide

(c) Two-Speed, Side Opening (d) Two-Speed, Center Opening

Figure 12. &z|#0lEf =Oof BF
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51 gy ol H|FZ &4

SIP #X|MH S 2ls 7I& ERT M & stite AIdES o|Este o ¢l A™olct ol <5l
2018 Q7+ FEH F AL SAHH XERE XS] Lo|, AEE 2 £ E ERFOIYULD, otdd 2 o[ st
= SHE OEVIX| 2 Lo|, MHo| w2t 2/75t0 Al Zao|Mol 2rE St Et Sampling & oFetd X|5HE A
A= CHSH Lio|2 M E AI2IEZ A= ULt 2018H SHE A= Q7 FEH F ZAlol| w=2M of
Ao o7t g olFEcCt cti 7 LiEfLE oM 100 Y HA el == 997 WEE LiEtL UCH Aol
2 AN o7 M2 ct33 2ok o47(M 40~50C] AT 2F 31.2% 2 JHE = LIERG D 6oCf O|at E=

10t olstel el7t7t M2 dolzld ¢l7t mElo|= F#xE LIERHD UCh

(SH3 A, & 8, %)

20 7HE5(4) 201 84%(B) S2HBHH)

Lt 0l —
44| 44| SUSE
A 49,943 100.0 49,978 100.0 4] 0.1
0-4 2,076 4.2 1,968 3.9 -108 -5.2
5-9 2,288 4.6 2,261 4.5 -2 -1.2
10-14 2, 268 4.5 2,251 4.5 -17 -0.8
15-19 2,892 9.8 2,735 5.5 -156 -5.4
20-24 3,356 6.7 3.280 6.6 -66 -2.0
25-29 3,164 6.3 3.259 B.5 85 3.0
J0-34 3,216 6.4 3.081 B.2 -135 -4.2
35-39 3,504 7.B 3.915 7.B 11 0.3
40-44 3.816 7.B 3.776 7.6 -140 -3.6
45-49 4, 404 8.B 4,362 B.7 -42 -1.0
50-54 4, 001 8.0 4,071 B.1 7 1.B
55-59 4,167 8.3 4,212 B.4 45 1.1
B0-64 3,175 6.4 3.401 B.B 226 71
55-69 2,282 4.6 2,335 4.7 53 2.3
70-74 1,745 3.5 1.817 3.6 Tz 4.1
75-79 1,537 3.1 1,578 3.2 42 2.7
g0-84 540 1.9 1,002 2.0 B2 6.6
BoAl Ol2f Bl 1.2 B60 1.3 50 g.1
0-144 6, 632 13.3 6.480 13.0 -152 2.3
156441 36,196 2.5 36,104 2.2 92 0.3
654l Ol 7.115 14.2 ¥.394 14.8 Pl 3.9
En3E 41.4 - 42.0 - 0.6 -
=78z 42.4 - 43.1 - 0.7 -

Figure 13. (48 f=¢l eI+
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(M)

w2018 A} ~2018 O A}
9% —o0i7ER —20170ixt |
90 920
85 1 85
80 80
75 75
70 70
65 65
60 60
55 {85
50 {50
45 {45
40 | 40
35 {35
30 {30
25 {25
20 120
15 15
10 10
5 15
0 j : 0
50 40 30 20 10 0 10 20 30 40 50 gy
Figure 14. A ol mZfo|
5.2 AEdo|Md ol MH
2 A7 2 HolH= MEX|stE WESSAM XBstl Us MEA Xt SME 9H SRt
oI ME- gt2 o|8st¥ 1, SstAt el & JHE HE el AlZH2019A 5€) 7|EL2 Q2 MEseIct
oteted SotAt QS =helst Au SXt QARA_A2 4479 /A2 SHRF Q-2 3,718H/A|ZES 2 ZALEUCE =
AlZe0]M QA2 SXb Y 74.65H/E, StAL 23 61.97H/ELZ Mot SXE A2 XM ERHEF
IR o XtE0| olsEe A AlEao|d ZAx 2o 272371 Zgte 2 LIEGCE SHAF AlZEH2 E3 Eof
M XM7IX] Hu|AtE0] o|ls& 49 AlZsEold Zo zdf 21992 siAZ 1ot Lt SXb el st
A QlYECHH BE He L £ UD, S S AN 123128 J|ciof MHo| By £ ooz
Zof ¢l MY Al SAF elglol & otofl thY|sk= AlZE 2723F 4.548)2 FLEH WL Eoh 2723F=
Pathfinder 222 Soll A=/} 20{, 0] AlZt S22 SStAt Q7o Zsto] A A|SE oM S &

3Rt



EXt
shxt
S

A

> oy e o

o

|

mWo 4o e

74.658 /& X 4.54F = 3394
61.978/& X 4.54F = 281Y

¢l =s5sd2e=z JIHXISE 35 : 2Y, K|St 2% : 29, K|t 15 ;1Y
glo|Md oIl =339 + 281 + 5 = 62594

FESUMMARY***SUMMARY**SUMMARY***SUMMARY**SUMMARY***

Simulation: 2HZ (B3 R| &)
Version: 2019.1.0508
Mode: Steering

Total Occupants: 286

Completion Times for All Occupants (s):

Min: 27.8 "00354"
Manx: 272.3 "00139"
Average: 181.6
StdDev: 65.7

Completion Times by Behavior (s):

Behavior Count Min Min_Name Max Max_Name
GO TO F1 286 27.8 "00354" 266.4 "00139" 181.6 65.7
*all behaviors* 286 27.8 "00354" 266.4 "00139" 181.6 65.7

Completion Times by Profile (s):

Profile Count Min Min_Name Max Max_Name
Female 20-29 51 35.7 "00374" 260.0 "00180° 177.0 69.8
Female 30-39 23 504 "00371" 261.0 "00114" 187.6 60.6
Female 40-49 25 37.6 "00367" 249.0 "00110" 1725 60.3
Female 50-59 25 431 "00379" 265.6 "00195" 190.3 62.2
Female 60-69 15 50.4 "00360" 265.2 "00129" 206.4 66.3
Female 70-79 7 54.6 "00362" 263.6 "00131" 2241 69.5

Male 20-29 51 311 "00339" 261.7 "00132" 1741 67.0
Male 30-39 19 29.6 "00372" 263.0 "00127" 169.5 66.4
Male 40-49 25 27.8 "00354" 2435 "00220" 1734 63.3
Male 50-59 23 45.0 "00370" 266.4 "00139" 178.8 61.3
Male 60-69 15 67.1 "00359" 256.4 "00128" 193.5 59.1
Male 70-79 7 80.6 "00361" 257.1 "00213" 199.9 54.8
*all profiles* 286 27.8 "00354" 266.4 "00139" 181.6 65.7
Travel Distances for All Occupants (m):
Min: 26.7 "00354"
Max: 239.2 "00228"
Average: 163.6
StdDev: 52.4

Avg

Avag

StdDev

StdDev

Figure 15. X|&ollM S E7HX| Al E2fo]d Z=2t
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HESUMMARY***SUMMARY***SUMMARY***SUMMARY***SUMMARY***

Simulation: SHUOI(X] &, B3)
Version: 2019.1.0508
Mode: Steering

Total Occupants: 286

Completion Times for All Occupants (s):

Min: 0.1 "00001"
Max: 219.9 "00382"
Average: 15.3
StdDew: 34.5

Completion Times by Behavior (s):

Behavior Count Min Min_Name Max Max_Name Avg StdDev
GO TO F1 286 0.1 "00001" 219.9 "00382" 15.3 34.5
*all behaviors® 286 0.1 "00001" 219.9 "00382" 15.3 345

Completion Times by Profile (s):

Profile Count Min Min_Name Max Max_Name Avg StdDev
Female 20-29 50 0.1 "00002" 1121 "00380" 169 335
Female 30-39 23 0.1 "00009" 84.3 "00371" 9.9 25.6
Female 40-49 25 0.1 "00005" 924 "00367" 13.7 29.5
Female 50-59 25 0.1 "00007" 96.8 "00379" 15.1 326
Female 60-69 15 0.1 "00012" 103.5 "00360" 125 32.0
Female 70-79 i 0.1 "00026" 103.1 "00362" 14.8 36.1
Female 80-89 1 219.9 "00382" 219.9 "00382" 219.9 0.0

Male 20-29 52 01 "00001" 994 "00381" 1641 327
Male 30-39 18 0.1 "00010" 90.4 "00372" 13.6 304
Male 40-49 25 0.1 "00006" 88.1 "00354" 12.7 26.5
Male 50-59 23 0.1 "000o8" 83.7 "00370" 104 26.0
Male 60-69 15 0.1 "00011" 88.0 "0o347" 111 282
Male 70-79 6 0.1 "00025" 90.1 "00361" 15.1 336
Male 80-89 1 180.8 "00383" 180.8 "00383" 180.8 0.0
*all profiles* 286 0.1 "00001" 219.9 "00382" 15.3 345
Travel Distances for All Occupants (m):
Min: 0.0 "00061"
Max: 158.6 "00382"
Average: 21.8
StdDewv: 41.8

Figure 16. 22 ZollA X|M77IX| Al Selo|M Zx}

53 SIP x| MF

= AFoAM SIP ME2 Aol P JHE 2% 24 & StLto|th. FEMA(Federal Emergency
Management Agency, O|= 42 X =F2t2| &) Risk Management Series & Design Guidance for Shelters and Safe

RoomsOl M £ Shelter2| /IX|ME Al 7H& STt A & Stbts Lot B2 Alte 82 £ e 89

=3
A =
(Capacity)’O|Ct. =, Mzt 2l Al HotL} B2 Q0| AlME WE s tulg = JA=X7F 28
, 3 FE=E S

elojgt & = ACk SIp M2 AlMdE YoM thesd] HH S Sof M4&E== Aol ofHEl
X

2 HMelet dEMol HMZ SaiM ALk=ojof Fhot SIp M IM = CtE S8 2922 tiuAlzio]
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= o
Ct 2E 2ol z[agte| A2t HZE Shelter7HA| =&t = AL ST HA =[0{of 5t7| w{Z0|Ct Shelter7HX| 2]
T YaEofof gl ot2fel O|o|X|= Exit Z27F EAIE Al

Zd2c EAl 82 Jtsoliof st Z=Zoich EA
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ME LHF 9 ShelterS LIE}
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(a) A5t 15 SIP

(b) x5t 2& SIP

Figure 19. X|5t 15 SIP & X|5} 25 SIP

Table 20. SIP #H& & =8 Jts ¥
1 2 3
H& (m?) 433 1176 769
T8 Jts ol (H) | 433/1.86 = 232.7 | 1176/1.86 = 635.25 | 769/1.86 = 413.4
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54 otete ZHEY

54.1. AEh 2

= AFoAM= 2olM AJH S St AHAZE HO|EHE st ohtdd AAle| EHE = SolIUch =2
22 CIOIE= Autodesk Revit Z2IH S ALSsIPR 20, ZQAE Z2tPE 2ZEQooAM 2B{# St 3D
oYY e AWSCH ofSel IS 2 Axol SHYEE Hojsto 3p DUYS NS HYES
ERH Zdolch 0{7|M DHEO{Z ZHZ 2 Pathfinder T2 I30f Cf &1 510{, Al Szho| d2|HolEf, &, ALt
s 720t RHY S FWSIUCE Pathfindere] 2 DXF Il 2 28 DWGRb mtnte| SatMo| =35t
Ct= &H™0| AUt o2 ZZH Yol MHE ottty Jcte| =% 3 =0|E LiEHY .
Table 21. teted A G =F =0|
A =
o] AT =0l AL =
(mm) (mm)
1 Landing 166 320
2 Landing 166 320
BIF ~ Exit 1 AlG
3 Landing 166 320
4 Landing 166 320
1 Landing 157 320
2 Landing 168 320
BIF ~ Exit 2 AlG
3 Landing 173 340
4 Landing 168 340
1 Landing 157 320
2 Landing 168 320
BIF ~ Exit 3 AlH
3 Landing 173 340
4 Landing 168 340
1 Landing 143 335
2 Landing 157 335
BIF ~ Exit 4 AY
3 Landing 171 335
4 Landing 175 300
B2F(Bomunsa Direction ~ B1F) 166 325
B2F(Korea University Direction ~ BI1F) 172 325
B3F(Bomunsa Direction) ~ B2F 166 330
B3F(Back of Bomunsa Direction) ~ B2F 166 335
B3F(Front of Korea University Direction) ~ B2F 166 335
B3F(Back of Korea University Direction) ~ B2F 166 335
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Table 22. &2 AlZ20lE2l £F &« AHE

T AlEHolHY 54 9 FHAA L] I
-t FHO ASHE g¥ AEdHelAS FAT F A e 22
g AIZE HA ol vk Aj2wle] EAo] [FEo] glo] 7t djHzte] vheket iy dE

EAdolu oAt A2A RS AlEHAT We FHF
EVACNET4 | -Node$}t ArcE ©]&3te] Uiy 458 #S3H7] wlito] CAD 71¥ke] Visual Interface

7t BIbs
“H2E Jgke] g A aglo R sfdkEo] Qlo] B3 HHFEo| AlEdH oM
E7bs
- AZE Y YAEtE Be AR U7 %% Way-Finding WH <
Al Egeol A
-, ] H Ay TEE AREAE AR AT Fe oy I3k |2
Lol wEl Wstste fEAQl dY &xo T AdskA 4 ol ] W o] E]
-djTzp 7o) Aol wel ol x| WHelE AYsmz iy Algte] Frbe] wE

Simulex o A5 AAA T8 A A EF e AL &
-3 AdEolElE 52 G9RE AFE7] Wikl thE AlEg o)A mElie]
DEEREIEEES ikl

-CFAST, FDS¢} &2 17] fr5a4 Algelold Z2agiste] dgo] w7t
-B A Ad3s Linkdl tioA5e] 7ole 712l Aol o
ddle]EZF A (v Al Link =71

-2 ke] B3 8% S People-People, People-Structure, People-Fire #7A 2
3t 5}7‘}] "é’b]' 2 fol w2 dig AEeA 7He

s HII
o
>
o
1o
ol)l
o —|—'

Building 2 duAEe] AA4 5 gau gAd Ea Adus 9ug
& Qe ﬁc}% xlt 27}
EXODUS —3 Al o 3 e o =g <) 202 aadEFe dFREo
'LO\_OA B &% /:”La --——LHE U’H’] 53 = == HﬂO]'L ] ]
EAFAT WSS 759 BY £58 FYHE ueFol 9
-A4HQ WA Pl olFo AT glont by 2uF AFEoE 2349

*"f“ﬂﬂﬂolﬁ‘j & o]&% di¥ A EHlA

-AAAe] F i A AddlelHE AlE

-dj =7} *V“El AAAEE Aol stol Mt qirjslnz o dg deke A
ELVAC Sot7lelE FH %

-dejHolEl o] 31 oF QAR B3I HolHE AlEdHl AT & fl%
-SHA7E LA Fo] xol7) woldes Aoy ARnTt dojAEe 23
A5Ee gy A= A= AHEs] e

l-N
ofj

R BEEIEREEE
AT AR el el E

ELEVATE ol A= 91—ri 9] 8=
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—aeuely Yol wEs] A s ARE A4Y
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5.5. A|lE2elo[d T2

?lo] E= 7|&E0 thul A|Z80/HEZE A& Z2332 EF & ot

1o =

Aol Edol w2t HeAE ofef Eof Z0| A5 LHERH AT

mu
x
I
—O.L
kI
%0
o
Okl
N
)
A

Table 23. Simulex, Building Exodus, Pathfinder2| /2424

T Simulex Building Exodus Pathfinder
F 7t WEEe u Bx Noded] 13 %ﬂ)j“é Mesh Triangle Space©l
=4 Agom +2 « Noxie% ;;H a % F7+ 74
AA B
(34, dol, w54, 71) 2A €Y
AN 54 (G, tol, o)
o] =] A =X X (o) Al o = Al sl =
A £R(3271), ﬂ(‘ri]d?’j ,”—z}oj—;ﬁ L*i]ﬂ ,Z]T‘rji} (Go to Rozﬂrnesz}(}z<H too Elevator
AAR | ekl AaA frgele | T T o o
=x 2 10744 A B = 4) Go to Wayp.omt, Simply Waiting
. o el in Place)
’ (F@ B35, Asd g, 27, | AR A AR A, 2FAH
W2y, A Holdr], e (Random/Uniform),
A, ANAA 4, A= AF
A7 5% 3)
AA (A4 ¢ Local
Familiarity All Main Exits,
Distance Map Local Potential, Floor AR AR
(ZHA7HA] Hk Al Potential) (Path Generation, Locally Quickest,
ALRF | wre A7 HAGB7RH) RS- AIZHJLIAA, AHeAE =) Backtrack Prevention)
ol By =g o B S 2 ol whap g AIZHA A, AR =)
EA tpo] o whet thE) o) B S B yeld wt tg)
Attt Abgh 7he] 573 (mobility) 24 AdA} ©1'5(SFPE, Steering Mode)
A% kg (0~1, ol BE7t &5 0 %7 #%E(Door Flow Rate)
Mzda-y)
&7 % E(Door Flow Rate)
99 24
(Upper, Lower: HCN, CO%
3}HA) ‘Drill’ Mode®& Ztgts] /3% Tnit, Grad, Pow, Limit ‘Drill' Mode® Zbehs] AlEd oA
EA AlEd o)A 713 47HA s 7H) 7V
=720 g 54 PID, COHb
5%, RMV

5.5.1. Pathfinder TZ28 MH

2 AFoM ALBE AlSEH O Z2 M S 2= Thunderhead Engineering®| A 71 2+5H

% Ct. Pathfinder= Steering Mode, SFPE Mode 27+X| &3 X} Behavior ModeS

Mode= EAAS0| ClE EHAS 42xE5ts YLEF2E Jtsetr o lzte] ds2 xS =2st
HE MEfolL, F

5 4 SFPE Modet Engineering Guide to Human Behavior in Fire (SFPE, 2003)0l A & 2| =l
7H8 2 AME F=XE ALESCh =, SFPE Modedl M= 2 A= AMZ2 S|mjsta{l A|LstX| 2t 2 XtE
72l Mz Fit=lof 2olXx|gh 22 EF AMeto|tt o wE B £x Mol= Jhssioh
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= Ao ALSE otetd AAN RRHE S Steering ModeZ2 AlE20|ME ZIA SIS I 2f SFPE ModeZ
Algelolde TS = EHXES S0l 2B 20| MZ CfE A2 &ele + Act a0 &
eleh = AXO0l SFPE ModedME EHAS2 AVE Bol HAHEtE o Yo| s2etE AX|St22 M
o HlmA ZtckstA| #dE 5 Act

CH |

CH x| AI%EJIOIAJ EEZLE”Oﬂi Ch= 2t 7FOI ?LMEICH O'EF O] ik 513 7ts EHTLI AlZE S oiu] Al
(9,8

Time, 51 & 7t oim AlZhH gftS d|WstA =ct 7<|7< 713'45 5H ASET 7F0| H 3H thia ASF=0| of
i oMM sZ EEsIYcte HERSic chES2 IuolAM ol &85 U= Simulex, Building Exodus,

Pathfinder Ml Z7IX| A|Z20|H HLAE H|WSH FO|C|
55.2. tho AlSaolM 1t

2 od70f| Al2E= Pathfinder CHI| A|E2|0|M T
1) MAXe EM EA

2) H2 & At M Ay

3) &7 ¥ oiu 42 MF

4) thI| Modeling Z 2} 2HA

5) MAIKtof CHst old obMA EHE off mhch

02
rlo
[l
oo
x
N
o

Algefold ALEASSl AR M

Soz M2 ZAL ¥ilgEe o3 2ok

o

&2 Z=ALSHZ| Qs AlZ8olMd ALE FEOl U= AFEXE

(=]

o
o

a) o9l 7Y MAX 5
b) 88 &
c) Zof of

i
d) e7|ol| 2o|st
2) —'_T'—71| =g

TE MAX =2 A NFPAO|A HIAIOF zof +=8clds FIstks ol JHE =2 H|E(45%)
o, AF A=a Mo FME[(17%), B2l 7Y 23 AFX13%)7F O IS olygck ©H A
H BEX2= =X 50%, oAb 50% U|§(62%)§ 7t st ARZAPE JHE Bfen O FE gA
60%, 01Xt 40% (19%)E XISt CE Fof oiF= 2] oF 3H(95%)0| i< =7 HEG2n] 0| &3l AlE
o MA Al HEE ALSAZL AA XL FHof o{FE TIEsHX| &= AE & =+ UPCh A7| thu QX
of A9 JHE ¥ AY| A= (65%)01 7HE =7 LiEtgten] thu mp™ol gt ®ESCh(14%), 7|5 dhd
(14%)0] 1 S & o|ct X Esl £z = A2 o|MdlAM HMAI= Z7|2ZFel DEFAULT gt A& (36%)0| 7t
& =7 HEgen SHAXIE &1 Q27%)7F 3 FIE oldch ATt B3 K5 EESH DEFAULT &t A& (59%)0l
742 A HEtRen, SAXNEE #ste 2W(23%)01 F #HME LEHGCH ot 5574 dFdAM= Lo|
£ J71E@2%)2 2 5t0f dA™ste ol JHE = HEtGen] 7| MF ESH LIOIE JIEGB6%E st A
ol 7k& =7 HEtGCL

7t
P

Ral
Rl
—Ol

mr

4 1lo
_'>|_
0z

(JII

=
-

- 179 -



gx70s
AN

ELNLE:
[TEEESS
23

13%

bl HAMFA €2

¢l Zhofo{f 1z d) od7|m el 5 ol X}
HEG R

n

gt

g MXZHFT fl Mot e

gl SRA 4% ht 7| M3
Figure 21. MAIX} MY 4o MEZ3}
5.6 dzlHo|gf o &4
2 AFoM XFE okt A= S| 3 E FAE0 A0, dgt SH E= ZHoj ¢l
S47], Fofjel Mg 57| 12 FM 0] Jch de|olHe #H2 o1 Zot
1 EYE #Z4MW x H) : 900 x 2100 (mm)
2) 7t I8 AZ(A x B) : (FE2HMZX) 1100 x 1350 0|4 (mm)
3) = : 2000 (mm)
4) Zo[ : 2200 (mm)
5) & : 0.5m/s
6) 15215, 1000kg Of LA
Table 24. otetd Ae|H|O|E] 2[X]
Al 2872t 1A ALE &
MRL 2 z|H[olE 157 B2-B3 x| 5t B2-B3 AL Ths
MRL z|H|ole 257| B2-B3 X|5t B2-B3 ALE Tts
MRL &z|H|ole 357| F1-B2 H &7 ALE Tts
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(a) 3D &H

- H2|HolH 127

(b) 3D 5H-
Figure 22. X|5t 2& Az|H| 0]

57 o] R4

AdelHolef 257
B 2 & XI5t 35

AE|H OBl 2|

CBRE &Z0M ofAZ2[0|E= AECHEHE Zo| HX| glotM B2 F2of eldg £85I RSHX|gH =
SFAtLE OfElof, LR S We| AX| Zots ES50= &S| 525 2EFTHol2ln & 5 gch olaZF
olHe £x= 4 FHAHELE ~0.5m/s, 2O 0.75m/s2 Holst AL AAL 247t 3028 HeE 42
L2 2rskollAM 2O 30m/s(BEX: ASHEA AN dAE)Z Hes £ Ach ZEWSE TA A
2014-764=0] 2™ o AH ol £ 28 0l HEc 1oms 8 HE= 025msE o5t U
=

OE'H._FE.E X|otHollM He[HolE{= Tofelolut otAtE 2(Sh A|MZ dHtd ol de|Ho|EHECH &
7 A5 =a2lch 3, X|E S A LM Al A2|Ho|H = ARZSHA] = Zo| HEO|X|EF & 70l A
HAESHD U= CBRE(Chemical Biological Radiological and Explosive) % 53| H2{AtEH 2hd Al w2 I &
QTSHE A" Al d2[HolH AtES AEY ERIt ACk EEHEICH

Table 25. o 4EH ju £x
o 2o o £5£
TH 0l 2(&54E, g, 88) 60m/& (1.00m/s)
T2 ols 24 (At HEX|E E/S) 15m/& (0.25m/s)
zE &2l E/S 36m/= (0.60m/s)

Aa|Hole Ho= AFHA AN mM2H 45m/E ~ 60m/E2 7|E22 X Y50, telE =2
IO EH™, 0.75m/s ~ 1.0m/s7t ElCh 8HH) §xf otetodof| ALEE= A2(HOlE HASEZ= 03m/sE
2= %'\EF Ol= %t 74 ¢ottdd XI5t Bt Z& olsst=dl Zels AlZE 1522 okt 153Y =0|
4.64mE 7|E2E ZHSIYCL WEtM 2 AFoM s HEHolE HEE J|E MdAE £Hx 03mE AlE
dojde M Zddstn A= EHAPHOHH Hotn U= = 1.0m/sE 7|E2=2 AlZ8olds ZIEsto] of
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o £Eef H|WE StRA et

047[A, 80M| o|Atn} &2 okXte| AT 18MI~70M AlOl<] | B3l 25t B3 £27}F 3Xs| =
Bl WS sl o AlZelolMoll ghHEskdct

WALKING SPEED, V, (m/s)

Figure 23. o1 &H, ME Hdl £ HlW T =

5.8 Wa|Ho|E s A 2F

Toll XIME AlE2o|M olel 6208 S Aufoll T=H ufx|siof St=dl SHXt olel 281WE X5t 3

3, IlﬁF 2%, sk 150 1% ZEZSt2 SAF Y 339H2 SAF A4S DEstH tfFE S S0l |1
gk XI5t 350 /Al BE0| 222, AdF B0 =1F BiRISHCE Lot sFAeE FHeh 582
29 182 X5t 15 LHHA| 482 XI5t 250 3500 vix[etch Xt 2 SEAE I Bl x| Al Lio|of MEHEZ
otehel mE 7[EL=ZE o=z HHXI3 A0, 4Eut Lolol wet EHEEE X|FSeicth flel ol et
CHul Xt v x| Al XI5t 150l 197F, XI5t 280l= 1159, X5t 3%01|E 318Holch el7 2AMALo| w=
M, =ofAKROM ofah elF= T °|-7‘EH | 2 3%E AX|SI D, gh=o| Fofel2 of 2502t Holx, gh=
24 Ate| Aol w=d Fojel T A °|-_rL—|-01|A‘| ot 13.8%E Xl™st Uch Fojel e+ =
St

ok 89%= HJ Al B2 T20| =S gt 2 AFoM= A AT 13.8%0AM 8I%E H

0.0123%E M| Zofel AT 2 AMHSIACEH &=, & S A|Z20|M 27 620 & 2 sES EHAHE Sl

A SIPS 2 O|S5t, |82 XI5} 3&50l= 5Y, X5t 150 I-HHII 3M S o x|t
O

sy
o
2, de|Ho[E{E ol F AlgZellolde T SHACE

Figure 24. 23X} 8 x| =
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Table 26. % B8|8 U B &%
= 0
ol H 8 |[Bd &= | o 8 |E2d 5%
(%) (m/s) (%) (m/s)
20~29 16.583 1.358 16.433 1.341
30~39 7.443 1.433 7.465 1.337
40~49 8.541 1.434 8.567 1.390
50~59 8.042 1.433 8.066 1.313
60~69 4.945 1.339 4.960 1.241
70~79 3.907 1.262 3.106 1.132
80~99 1.349 0.968 1.353 0.943
2 Al 50.0(%) - 50.0(%) -
Table 27. MY, oido]| g 23 £
Contents
Ind Speed Standard R "
neex (m/s) | Average | Speed Assessment esearcher
(m/s)
Horizontal Space
. . 5 . ) Hong et al
1.24~2.05 40m* (2m*x20m) :
(2010)
Adult
Fast 2 1.888 Waking inside the
1.87 o Lee(2001)
Building
Fast Walking of 20s Bohannon
1.75~2.53
205 and 70s (1997)
d 0.7~1.2 Traffic Engineering Jeon(2011)
an 1.25~1.8 Adult Kim(1983)
. 30s Population
Walking .
1.3 Density — 0.1 Pauls(1983)
Speed Averag B
1.3 1.298 Person/m
(m/s) ¢ 14 Free Walking Speed Older et al
) of Street in London (1964)
Average Walking of Bohannon
1.27~1.46
20s and 70s (1997)
Korean Nation
0.8~1.1 N : Jeon(2011)
Elders Police Agency
3 - . Hong et al
Slow and 1 1.006 0.93~1.28 Senior Citizen (2010)
Kids 0.92 Senior Citizen more studenski
’ the 34,485 Person (2011)
= ol TolM ALBE ohelel ofjel S DMl mE H2SEES Chgel Al Sof AT
Table 28. L{FHXo| wE M st=
HEHXO| 4.65m? (50ft?) o|RtY AL WEHHO| 4.65m? (50ft?) oAt H=L
(ST Units) (ST Units)
W=354%+3254 W= 2.454%+6104 — 620
(Imperial Units) (Imperial Units)
W=0.667A4°+66.74 W=0.0467A*+1254—1,367
A =WEFAH, m*(ft?)
W= H2AA 3%, kg(lb)
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1500 (3300) /

1000 (2200) /

500 (1100) /

y

Rated Load, kg (Ib)

0 1(10.8) 2(21.5) 3(32.4) 4 (43.1)
Inside Net Platform Area, m2 (ft2)

Figure 25. ASEM A17.3 = HXol| & H4 5t& ¢

T

2 o ToIM ALBEE ohetel 157]9 WRHHS 2l Al Y Al Ha B ES MEY 5 3
ch. O|2 Bitoz 18] g= Al Jks olAe MESH wui, WelHOIE B O/8F thu L2AIZte M

T UCH

0{7|M &&7l= At & 80Ml ofatel ety BN ESSHAl i x|SH=H, 5.1.01M &HEE AlS2 0]

.u.—

M elgloll et i A|ISHRACE of7fof, ctetdoll R2A=T A= 3thef H2|HOlE F 1= XI5t 250l X
SHEE2 HARIA 21 A&ez vtz o|setct LHA| 2= X5t 350M XshE22 0|Sstes A2z A

A=lof Aot ok, AIHolE= 82l oldtez AL, 2M Tt A SIELRE HE Y ME A
1082 elyol 135/e tixgtcta 7 zl | 2

o dXg 29 A ()T 2) oM A 2 ZIE2Z Attsfol sHX|g 2 AFMME 17 228 Az
HIO[E{7} ol S5t7| W&ol A(1)E 7I&EL &

oA
o
I-_Io

HS
Algellolde A stct ghef tu|AHE Ef 27

2 (D) ZIE2=2 AHtstct ols E=0dMc AelHolE 7t
ol ol X5t 152 X5t 25 250 HFE AS vtPsfiol ot Shx|gh 2 A2 oharedo| A ||
B= XI5t 35001 252 & 32 2dst2z, olof tiet 1= HLSHA ot

5.9 cHx M=t

S X|stEolAM el chum 2 == CBRE A& A| ofjm 42 o|Sste ghol waf ct2H g E
ct.
Cho ghH2 ctgo 28f/FE2 EFEch M cAAX 22 dim 2H:2 7 32 thul &2 (Shelter In
Place, SIP)Z T1&sl0] sy S22 MAXS0| 20 Hu|st=F st= hu M2kg gletct o{7|M 174
X

=]
Zo2 st SN RE oo se=s eEol Aot o

E = — | [ .
S22 TA SAl o M2 M A" L Al 2-370 E22 SIPE =4k vl XS0 A AbE 2 Al
MAXS0| AR 2REH Tt E5F 922 Zo|= NM2fo|ch Ol 2F Mot 2 Moz 8 IHAX}

M

2S5t dlol satAo|c
T 7= #5222 HuArt olssts Az chEA tuE F2(HolEel X2 MaAS0| AHY
Az|HO|E{E o|&3sto] SIPLZ oM SHAl ol s3t7| £ &olct
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6. T 7tE MA7|Eof wE thxAlZt H|w

Of%
nE
o
o
H
o
ne
o
o
-
£
i
i

Alz|H|o|E{E St of & CHIEA|ZE HAF2 O|= NISTOIA] AFEEl ELVAC VERSION 1.02] Z220f o}
2t AptstR oo, 0{7|M ALEE CHuA|ZE AMAZ2 ChS3 ZCE KS B ISO 41902-1 MA{sHS 1150kg H| A
& AW o|EE 0|25l 2t5 A2 H|0lE] ALA|ZHS AMSIF Lt ols Hels otetd X|skE 15 7Helo]

ols

od
ol

o, & Wa|H|o|E He|l= 4.64mo|Ct LEIH O Z X[5tEA e o|E= Zofelo|Lt =AXES ¢
s AA=of Lubdol de|HolH 2t KE7F X5 =2lch stRfut, XX S| A Wy Al dz(H o]
EE 0|&5tA| &= Zo| ¢FolLt 2 AFolMe HLh Il Rk why AT ZEE = ooz
Ada|HolEle] HEE X Y= Ha|HolE HTl 05m/s2 XIYSHCH AaHole Hzo wE 7%
TE 030m/s*2F Zch Zof BS Hele de|Holeel g2 1250, 15]E 10822 MESINCE
- Xt B : 35
- & deHole ols 72l : 4.64m
- dz|Hlole] 2 JHHE AlZE: 25=
- delHole 17 & 2% AlZE: 15=
- AdaHolEf HAFHE : 0.30m/s
- diz|Hole =HEE @ 0.50m/s
- Ha|HolE 2 : 1100mm, SAESEH
- diz|Hiole = MEMN) : 109
- t; 1 4.6, e :0.05
- a 01, 4:0

6.2.1. AzH Ol ZFLAIZk¢,)

el ol chm| % A 22 «“d2|H|olE{ 7} SEI0IA &= olsS AlZrstZ| ©™7X[e| AlZb o|ct AtE
Az|HO|Ee| B ZE HeH ol S22 o|sE Fof HdelHolE tim|rt A[ZHEICD 74 Shot 0]
2% EuAZEE Az IOIE17F oSz o|&st= AlZtnt BEHSA7L Ae|H Ol ollA Stitst= AlZEe| &t
Aolct ol& AleZ LIEHH ST Zct

ty = 4+ (t, T 1) (I- ) memmmmmmmmmmmmees (1)

t, : 7H o SollM i ES7iX|e] de[H olEf Ol SAIZHE)

t, &5 Aol o|SAIZHE)

t, : HE|XtS0| A2|HOIEHE Mite AlZHE)

t; - AeElHole 20| B 2| S|l AZHE)

t,  delHolE{7F Mx|| Ue AlZHE)
w3 0ls &8

Aol 2TAIL 3 2EE e A

AI?_FOI kol 2 A (ol olsh AltEl ELA|ZEEC BO

N
B
0
hi

I

TS Ha|H|of& 2
sy
o

of B&ste AlZhol &

= 0\l
ﬁ

Hr2 & Ad2|H| ol &
= o
= AA

[== =
ot = Uk

- 185 -



Ysixoz Azjolelel 20| FalD IS Al ¢ olE| 2ol 2ol e}
ch. 3t 20| eS| ¥elD 7| Mubxl FeHolEE BWE & 9m, £& 5 si= 2Hol
7947 MRl deldlols 22 BEUC

T— =

-

6.2.2. Ae|Hole] 22| JHH AlZkt,)
Az|HolEf 22 JHE A|Z+2 ofsfel et Zo| 2o ZHof w2l Zetx|AEct 2o &3 AlZb2 i
Biz=o|Ct Az[HolE{e] 20| 2bM3s| Zs|AHLE Hal7| MatX|= of

= = =
- — —
LAts0| E¢e = glil, daolE 20| ™S F2|7| HX|= tulAtE0| shAte = gich

6.2.3 A2|H|O|E CHZ[A|Zkt,)

UIINZE BRIMOIEs XS W EE OlBE T wiel A2k UBE| sl MRSl d2lMoleto
EI&HE AlZk Welwlolelol Sttsts AlZke matsich of7|A WalMolel sixlol wat Azt 2go| et
X6, elubslel waluolel wixish ChE WX UelHOIE WAL J|E B8 (WS BAACH

A R A (B 2)

t; - CHEIAp7F delHole 2 BSsts Azt

<u=atety>

[

v = HEXtel MM Sdof wz2t 2| ole oM FZ0|= AlZhel Xfo|7t W st=0|, LBt e=z
AFE Ha[HolHS H? 4 g2 02 Ha delHolefet Zo| BE&Atel A 0
(2 M asict m2tM 2 04—?01|H AEEE XISHE W da|Hole= Fofelznt LBt tju Xyt Zol B&St
ERE MYSER, 7 S Z 0.058 HE5tYcCt
CHu| Xt7H 2| s ol Efof rs AlZb ¢,2 HO X} 5= Nofl wh2b ZeiRich tifE2 da|dHoleH= thx eldlo]
Z5t MEf 2 EEet Fols FUt olYo| BEol ofdL, il ¢lfo| S&E5HK| $g e LFTE BHESEct
0

ASEM Al7.10 w20 Adz|Holefe] MAE 120 2k 0.14m> 2]

O

Zto| E35ict

de|HolHE= Loz otefel OB &ol Aol AS & # Aok M =7 27+ SItstoht
z k=3
=

SHEE 0|35t o £E7F S EC A4E 2 It ,t, O|FE2E &
£ 2 Aot FHMez Mol ViR R Mo AEE 72HE HA, SHE 2SS SHAl Ect
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rr

w -

= Transitional Transitional "
Lewedin

g Acceleration Deceleration g

g Constant g I Constant Velocity 1 1. Constant

g Acceleration Deceleration

Time

Figure 26. AlZtol| 2 Aa|H|olH £ B3t

ChEeol A2 =7| frolMel 22AZE2Z of2f o 4 (¢))2 ZCt

o WEHOIHE St aAlZh wE A2l E2 ok A 2ok STHEERE 7|2 F ols AHEI(S)

Mol 7tExo =Ests AlZh t,= o3t 2ok

. (v, )" = (v,)? L
2 2v,a !

o{7|M tof =Ee mf olSe AHel §,= oS A1 &tk

3a |\ vy 5
A|H OB 7} 25| HE AlZE ¢of Wl HZ= AlZhel 2 FII5tH MA Pa(Hol&f 2
t,oF 2k
ts = 2ty + ST_T:SQ
tp=t; + &,
o17|M o] HEF= AlZF2 272k HA It LYSIZE ¢, = 05X JHYSich

dutd oz AR g AzZ|HolEe AP RYEZIL 2 1~9m/s0l1, ZFEE= 0.6m/s°0lCt
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6.2.5. WE|H|O[E] &= O|SA|IZkt,)

g5 0|52 MS tu AEHFE AZECH &5 0|52 delHole 20| 3l s47|7F olse &=
27| 20| €2[ tju[Art B&stil oA 20| B35 tu/E2=2 o|Sstl 20| ¥ im| Ayt SHALSH
=MZ 0|Fo{ZICt

r :2tT+ ts

0{7|M S&7l= =At & 80Ml of&tol oAyt AN ESSkAl vl xS, 5.1.01AM MEE A2 0]
& 2l ol w2t vi xS ofZfofl, ctetedol| 2= U= 30He| AZ|HOlE F 1= Ilﬁf 2501 %]
21 Xedez HZ o|settt HHHA| 2= XI5t 350 X[sRELz olssts HWezE A

A=lof At £k A2 HolEf = 82l oM =2 MA LN, AHM Tt H
m}

1218 tjufetct 7Hgstn AlseoldE ZAdsRAct
A

HO|E{7} o|S3H7| W20 A(DHE ZIE22 () 7IE2Z HAsIAHCt & OI% 280lM= daldolE{7t
cfm &Aool X5t 152 X5t 25 250 HE= WS HHAsof stof SHX|TF 2 12| otetodol Alz|H|of
El= XI5t 350IM 252 st 50t 2st2 2, olof st D= EHRSHX| ct

6.2.6. = CH| AlZF AL

YHtM oz AF|H 0| E o|2st thil= 2= AW olE o|SA|ZE CHIE X} Z= SIPVIX| ol HEl, Hz|
Hiolel &8 Soll ul2td =2zt ols 282 de|Holeof I X7t de|Hole STe| UFot ELSE
A% Mgsict dz|Hole] 22 oteted X|5HEe A 2047F M=o Yoo, Hd2|Ho|E{el 1DE S

-1 o =
Ol &8 S0M LHSIFLEZ, = 7ol thuAlZt & AolME Helsti et

s HHE AlZHE)

t; : delHole &= olF AlZKXE)

s WE|H|olEf CHu| A[RFA[ZE

. Azt o|E{oll M SIPZEX|S] Ol & AlZHE)
J o de[HolE 2HTH)

n . AelHolH o|ls &&

Ol2 Solfl ZAH 2=z Mtk Ul Al A2|HOIHE STt ZAF uAZhES 4&ET = A2H, & tfuAzt
2 oM Tk ZAF AlLkx| o] Bt Zcok

6.3 ATt AL A] CHx|A[ZE
63.1. = : GB50157(2013)_CFDOM (Code for Design of Metro)

Q+ @

T A, (V= 1)+ 4,8] =

D
Hr

- 188 -



Q, : G W A
Q, : SLYE Y SN
A, XtS o[AZeolEH e M2 +=8F
A, - ATt Me| =8
1 : 23 AlZE X6t o] H|MAE FX|, 2& A|AH e Hhs AlZE2 IF
N : of2aZeo|Ef Jl=
B : Hetel & =
- B3->B2
B 302 B o
T=1+ iy 9600 s 3700><11 . 1.944 &
’ 60 60 ’
- B1->B2
199
T=1+ =1.882
0.9 9600 X0+ 3700 x 3.8
60
L T=1.9442
6.3.2 O|=F : NFPA 130 (2014)
N
Ttoal = T + WP + Z WN«'
i=1
Table 29. B3->B2 oI 24
= mmz T2 T3
EH-\_J-l _9__+_ =} Tuot T uc;
(mm) (p/mm*&) (p/=)
Hek (4) 11700 0.0555 649
ofaZzole (0) 0 0.0555 0
Table 30. B3->B2 o|l& Azl % i &=
2 = AlZH
olF Alzt HE |
(m) (m/& (&)
SZAE T1 (Yutel) 83.2 37.7 2.210
ST T1 (oAb 83.2 30.0 2.773
B3->B2 (ekel) 4.64 14.6 0.318
B3->B2 (-2kX}) 4.64 11.6 0.400
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Table 31. B1->B2 I @4
3T Cl} &2 o =x-1
EH-\T-l oA = mmes Tool: Toc;
(mm) (p/mm*& (p/&
At (4) 3800 0.0555 210
off2aZzf|ol&f (0) 3530 0.0555 195
Table 32. B1->B2 O|& Hz| % ofx &%
=1 = AlZE
O| SA|ZH A= |
(m) (m/&) )
Bl el o|sA|ZE (Etkel) 36.7 37.7 0.973
Bl Lie| o|sAlZE (Fofel) 36.7 30.0 1.223
B1->B2 (&gtel) 4.64 14.6 0.318
B1->B2 (Ztofel) 4.64 11.6 0.400
B2 L2 ol& Alzhdgtel) / &S ™ 31.6 37.7 0.838
B2 Lie| o|s A|ZHEof2l)
_ 31.6 30.0 1.053
[N ES A
B2 U2 o|s(dEtel)
B _ 17.2 37.7 0.456
/ INET olF
B2 Li2| o|=(Zofel)
_ _ 17.2 30.0 0.573
/FHET o] F

(EZE thmA|Zh = 199 + (210+195) = 0.491&

& &7 t7|AZH = Fp-T1 = 0491 - 1.223 = 0.00&
CHET 75 AlZh = 255 + 400 = 0.638&

To| th7|AZH = Fp - Fp = 0.638 - 0.491 = 0.147&
2k =T+ Wp= 1223 + 04 + 1.053 + 0.573 = 3.396%

6.3.3 L& “JIS Railway standards”

thm! = Z tf. + Ti—max*

- B3->B2 I AQA|Zt

t1 to
s4E = A= = B2
ol AZief ol &
T] TZ
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Table 33. B3->B2 CHu| 2&~QA|ZF

o = t1 Ty ta Tz TR AlZt
3= (&) (€3] (&) €3] (®)

A 132.8 | 205 | 26.1 | 20.5 199.9

B 90.0 | 205 | 26.1 | 205 157.1

C 90.0 | 256 | 26.1 | 256 167.3

D 166.4 | 18.9 | 455 | 18.9 249.7

- B1->B2 I £QA|Zt

t1 to
H el
B1 = = B2
ol AZief ol &
T1 TZ

Table 34. B1->B2 CHu| 2~QA|ZF

t T t T t T t e Azt
EH-‘_’-| gﬂ _1 _1 _2 _2 _3 _3 _4 )
@ | ® | ® | ® | @@= ()
A 73.4 21.6 31.8 21.6 63.2 281.4
35.4 34.4
B 72.4 20.2 25.8 20.2 51.0 259.4

SIP 9IX[7F B2 mjel CHI[A|ZHR 2F 2814XF (4.692) H= LRECEH

6.4 AT H2|H0O[E ST #E Al oimAlZt

6.4.1 Y2|H|O|E{(FHE : 0.5m/s) CHIE|A[ZF

At oz B2 o tfulAtS0| &2 322 Suslof st
=
=

2t w2t 2 AFoA = Specific Flow(F)

C BB AIZHL):

P
I
=
P

t; = Ty T 1

i dw

(N - Ng) = 4Z + (10 - 4

i0

[o]]

EXE AlZH(t,)

tu = tdw + tio(N - ]vdw) = 42:3 + 06(10 - 4)—7:5 = 76—7::—

- HZIAIZHt)
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ts = (t7 + tu + Ztr])(l + .u)

= (10E + 7.6% + 2 x 4.6%)(1 + 0.15) = 30.82%
- HEO|SAIZKE,)

v; = 0.6 x 0.5 = 03m/s
V)
b= )
0.3 =
= ( 3 ) = 1.0
Vi
5 = (2*(1 )
0.3
= (2*0'3 ) = 0.15m
iy Vo — Vi )
t = 2* Vi *a
0.5°— 0.3 _
= + 1.0 = 1.889%
(2*0_3*0.3 ) + 1.0 = 1.889
3
1 Vi )
= (5 - +
Sy (3a )( v, Vi) + S
1 0.5° )
= — (0.3)°)+ 0.15 = 0.
(3*0_3 ) (0.3 (0.3)>)+ 0.15 = 0.513m
Sp—28.
t5 = 2t2 + r 2
9%k
~ 0 x 1889 + H047270513 ) 0%
0.5
- MH sET|el 2247kt ,)
tp =t + t,
= 11.006 + 0.5 = 11.506%
- 2k 0| SAIZk¢,)
t, =2ty + t,
=2 x 11.506% + 30.82 = 53.832%
StXtst, X|5F 35

o

0|2 Sall XI5t 350l A7} A2 H| O] of
oz 0

E}F
=

e
o
gh 13 tu 2QAIZH2 of

st
oF 53
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nm
to
il

-

rot

6.4.2 YE[HOIE{(ZX : 1.0m/s) CHIIAIZE

HIOIE{e] £E= 0.5m/sE 2= UL}, AFSHA AN 2 X5t e de(Hof
[HOlE{ o] HE &= 45m/= ~ 60m/=, T 1.0m/s7HX| X|™E == Ucl w2t d2|H o]
Al de[HolEel ££& 0.5m/s, 1.0m/s 25 HAHSH0] of &F CHI[A|ZES A ASEO AL
[HOlE S| £EE 1.0m/sZ XM ol wat, H A= of A cim A|Zto|

re

nx
= X oo

o
n
0jo
1o M

12
=
1o
AL}

-
-
i

>
ru

_|,6_

m 2

L

Q Mk N2

I
AT

iU
ol
>

N
‘-

r

ti=tg, Tty (N—N,;, ) =4+1x(10—4)=10 =
- SERE AlZkt,)

t, =ty +ti,(N—N,;,)=4+06x(10—4)=76=
- tHZIAIZHE,)

=(t;+t,+2t,)(1+p)=(10+6.44+2x4.6)(14+0.15) =29.44 =

- HEO|EAIZHt,)

v, = %z 0.6 m/s

8= (1;1(1)2: 2((1%)1—0.45m

t, = % +t, = %—&-1.5:2.835

S, = é(i—vf + .5, —37104(%—06 )+0.45=1.538 m
ty =2ty + ST_TjSQ=2x2.833+ 4'64_21X1‘539=7.228§

tp =t +t,=7228+05=7.728%

2= oz AlZkt,)

o

t, = 2tp + t, =2X7.728+29.44 = 44.896 X
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i 27|12 B 2= AZF2 v=1m/s,a=0.6m/s’ 7|&, 2k 44.896%0|C}.

o

6.43 3= : GB50157(2013) CFDOM(Code for Design of Metro)

- B3->B2
302
T=1+ =1.492
9600 3700
0.9 60 X0+ 60 x11.7
- BI->B2
B 199 B o
T—1+09 9600><0+ 3700X38 =1.942
“1 60 60 ’

L T=1.948

6.4.4 O|= : NFPA 130 (2014)

- B3->B2
Table 35. 0O|= Codeoll U2 B3->B2 tt¢| =22
= mm% T22 T=Ed
EH.TLI ox S THJ T l=|OI:
(mm) (p/mm=&) (p/&)
At (4) 11700 0.0555 649
offAZeolE (0) 0 0.0555 0
Table 36. O|= Codeoi| (2 B3-> B2 CHI|A[Zt
=0 AlZE
ols =4 Hel = (2t
(m) (m/= (&)
SLE Ty (ke 83.2 37.7 2.210
SLE Ty (ZHof o) 83.2 30.0 2.773
B3->B2 (ttel) 4.64 14.6 0.318
B3->B2 (&Hofel) 4.64 11.6 0.400

o F, (5% tHufAlZh) = 321 + 649 = 0495
e W, (5&E &7 th7|AZH = F, - T1 = 0495 - 2.773 = 0.00&
T+ W, = 2773 + 04 + 0.00 = 3.173&
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- B1->B2

Table 37. 0|= Code0l| ZE B1-> B2 the| =83

oo ea = mme +=8Y T8
(mm) (p/mm*&) (p/2)
Ak (4) 3800 0.0555 210
ofAZzaole (0) 3530 0.0555 195
Ats FHEF Chel =83 = 50YH/& 400
Table 38. 0|= Codeo [}E B1-> B2 CHI|A[Zt
o= A|7H AHel £ AlZE
(m) (m/&) &)
Bl el ols (&gkel) 36.7 37.7 0.973
Bl Wiel ols (Fofeh) 36.7 30.0 1.223
B1->B2 (gtel) 4.64 14.6 0.318
B1->B2 (Zofel) 4.64 11.6 0.4
B2 Lie| o|=(dutel) @ JHET ™ 31.6 37.7 0.838
B2 Lie| o|=(Fofel) « JHEF M 31.6 30.0 1.053
B2 We| ojs(dgtel) @ JHET o= 17.2 37.7 0.456
B2 Lfe| o|=S(Fofel) : JHET o|F 17.2 30.0 0.573

F, (5Z& tHEAlZhH = 199 + (210+195) = 0491

W, (4% &7 t7|AZH = F, - T1 = 0491 - 1223 = 0.00&

2T 75 AlZh = 255 + 400 = 0.638&

Wa CHETS CHZ|AIZH = Fs - F, = 0.638 - 0.491 = 0.147&

Z oo AlZH =T + W, = 1.223 + 0.4 + 1.053 + 0.573 + 0.147 = 3.396%
. T=3.396 2

6.4.5 L& “JIS Railway standards”

- B3->B2

t to

At/
B3 = ol AZ 20| = B2
E

Tl TZ

Table 39. €2 Codedl| [}Z2 B3->B2 Z 2% CHIEA|ZF

t T t T o AlZE
EHI’-l %IE _1 _l _2 _2 )
= 3B | & | & ()
A 66.3 | 19.2 | 21.3 | 19.2 126.0
B 45.0 | 195 | 21.3 | 195 105.3
C 45.0 | 24.0 | 21.3 | 24.0 114.3
D 83.2 | 17.7 | 282 | 17.7 146.8
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- B1->B2

t1 to t3 ts3 ty
7 & B2
Bl = ATk / ol AZ e 0|H = B2 = =
/ = SIP
T Ty T3

Table 40. &= Codeol| & B1->B2 Z2H CHu|A[Zt

t T t T t T t Zo AlZH
o #= | R ? N N N o ET
| & @3 = ® | =® = (X)
73.4 21.6 31.8 21.6 63.2 281.4
35.4 344 —
B 72.4 20.2 25.8 20.2 51.0 259.4
L T=4.69%

6.5 CHI|A|ZF H|d

6.5.1. d2|HjolE| Cjx|A|Zt

- AE2|H Ol & 05m/sE AL Al . 2F 30805
- AZ|HOIE] &= 1.0m/sE AL Al 2F 28858

(DA oS
f0 O

6.5.2. & ofl&t oAzt

Table 41. =Z7t8 M7 ZEof wE cfufAlZt Bl

25} Agt | A + dz[Hole £E 0.5m/s | AT + AZ[HOIE £ 1.0m/s
() (=) (=)

5 1.94 3.080 2.885

ol= | 3.396 3.396 3.396

U2 | 4.69 4.690 4.690

= ZE=c tul Al 52 5 Atol2] thufA[ZtgkE st ofol w2t 5 etolM el thu|AlZtE A Lhst
= Holl= eAZE ot d= Z== tuld 2ol e AL &0l o AHMIS] MA[=0] ACks HollA of &
tim|Alztol i =2 gt o St

2 E%ch of7lo oj=ot = F=EE d2HolEE STt olSEC AHS
Z tfuAlZhol= Aeks ChufAlZto] HHAE HS

o
S el {2 golz + Uck

o
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7. AlLtE[ 201 wE Z3 B[

7.1 ¥ AlL2[2 HdF

A otetedolld 3ciel Aol 7t 2= Ut 2 ATl FH2 &M CBRE && Al A2[H0[H

2Z35t0d Ztzto| AlLtE| 0] wE ol 22AIZHE LHESIUAL sioh A Al4teh obeted A E|H| o] B 2f

=& Z2H2H 03m/s, 0.5m/s2 Holil X OIIlm, AFHA AR & X|stE ol Az2|H|olH

Aol =™ A2|HOolE2] == 45m/= ~ 60m/=2 =2 X|FECh ek EN8I 19910 =M A2 |H| ol &

JHH AlZE2 2F 2 ~ 20FTIHC 2 MA=, =Y 23577}7(| = UCHL FE5ED ACh w2t M2
o

o
ALt 20 M= oteted dalH|olE el ZHEEE 1.0m/s2, 74

Table 42. o2 H HH

B &
(1) H et
(2) Az|HOlE] &= 0.5m/s : 20 Al
(3) A2[HOlEf £ 1.0m/s : 2CH ALE
Table 43. AlLt2|20] mE #H4 MY

ALi2|2 HE H

A (1)

B (1), (2)

C (1), 3

- AL A AHlst + dE|HolE X
- AlLiE|2 B AHlet + dE|HolE &%
- ALE|R ¢ : Al + de2|HolE &

£ . 0.5m/s
=5 . 1.0m/s, HE A|Zt: 2=

7.2 AlEgo|Md Zzf

7.2.1. AILIE|2 A
AL A= Kok 35 2 X5 159 e/ E X5t 2&2| SIpe

20|35l Ct oluf AlSafo|M
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Figure 27. AlLt2|2 A2l A|Ztof| 2 Room 85, Room 95 M AKX}t =

FESUMMARY***SUMMARY***SUMMARY**SUMMARY***SUMMARY ***

Simulation: SIP(B2) ELE()
Version: 2020.1.0219
Mode: Steering

Total Occupants: 625

Completion Times for All Occupants (s):

Min: 1.0 "00260"
Manx: 313.9 "00011"
Average: 79.7
StdDevw: 43.0

Travel Distances for All Occupants (m):

Min: 0.6 "00260"
Max: 146.0 "00143"
Average: 755
StdDew: 36.2

Figure 28. A|LIZ|2 Aol 2 AlZao|Md Z 3}
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Figure 29. AlL{2|2 B2l A|Ztof| 2 Room 85, Room 95 M AKXt =

FESUMMARY***SUMMARY***SUMMARY***SUMMARY***SUMMARY***

Simulation: SIP(B2) ELE-0.5
Version: 2020.1.0219
Maode: Steering

Total Occupants: 625

Completion Times for All Occupants (s):

Min: 1.0 "00260"
Max: 298.0 "00002"
Average: 79.6
StdDev: 45.0

Travel Distances for All Occupants (m):

Min: 0.6 "00260"
Max: 156.1 "00143"
Average: 76.0
StdDew: 36.1

Figure 30. AlLt2[2 Bofl w2 AlSa0[4 Z ot
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Figure 31. A|LI2|2 C2| AlZtol|l 2 Room 85, Room 95 A A X} =

FSUMMARY***SUMMARY***SUMMARY***SUMMARY***SUMMARY***

Simulation: SIP(B2) ELE-1
Version: 2020.1.0219
Mode: Steering

Total Occupants: 625

Completion Times for All Occupants (s):

Min: 1.0 "00260"
Max: 2464 "0ooT11"
Average: 78.0
StdDew: 1.6

Travel Distances for All Occupants (m):

Min: 0.6 "00260"
Max: 140.4 "00145"
Average: 75.2
StdDew: 36.2

Figure 32. A|[LIZ|2 Coll wE A|Eeo|Md A1}
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