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Summary

This paper is concerned with the evaluation of the escape system in the ship. The escape
system is modeled by a combination of several basic elements and represented with a network
graph. Mathematical models of the crowd flows in and between the basic elements are con-
structed using fluid flow analogy, and their parameters are determined from the experimental
data. A method is presented to quantitatively analyze the escape of passengers and to design
an optimum escape system of the ship. The proposed method is applied to the evaluation
and optimization of the escape system of the actual car ferry and its applicability is demon-

strated.
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Fig. 1 Characteristics of crowd flow
on the passage
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Fig. 2 Characteristics of crowd flow
on the stairway
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Crowd flow at the junction of passages
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their calculations
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Fig. 4 Flow chart for evaluating and optimizing
the ship escape system
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Fig. 6 Graphic description of escape system
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quarter with different widths of door- Bili v 27 A OBRBILOGIE LT, &F, BHERES
ways (Distribution pattern No.1) FIOWADERHR AL E LT L2, BHEATERR
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340 BAEMYELBIE Fl142F7
T:Tine Table 8 Optimum values of widths of doorways
Z:HuMBER OF PASSENGERS ARRIVED AT BoaT DECK Case | Mo of | Width of doorways (m) |Escapel
=l trials Dig| Dy 1 D1z | D13 1 Dis | Dys | time
1 0.3010.3010.3510.30]0.30 10.20 {187 sec |
6 0.70/0.30[0.70]0.30/0.70{0.60]120 ~ |
11 1.5011.1011.10/1.1010.90;0.90| 89 -
30 10700700 70i100[/C.90]0.60| 88 -
A 75 10.83/070/083/070]090/0.60| 87 -
107 1083;0.70:1048{0.70{090{0.601 85 ~
128 [0.83[0.70/048/0.7010.361 053] 85 -

150 |079|0.7010.48]0.70| 020, 0.60] 85 - !
180 [083]070{048,070/080/0.78/ 85 -
g [|nit val[1.00[100}1.00]100]100[0.75] 90_-
Conwval| 0.76] 0.76{ 0.60| £.70| 0.30{ 0.60] 85 -~
C Init. val.l 250] 2.50] 2.50| 2.50| 250} 2.50] 9!
Conv.val] 130 1.70] 210} 1.701 1.3C| 1.68] 87 -~
D init.val.]0.83]0.70{ 0481 0.70] 090, 0.78| 85 »
Convval|0 83| 069 048] 0.70/ 090/ 0.60] 85 =
init. val. ¢ Initial value
Conv. val. ¢ Convergsnt value

¢, WAoo EaiE 30 cm X E EOR/NME L FiARD X
IE X o BROBPEE B X OCUEES Table8 o
Case A Wi d, ERFMTEK 107 I BLHB ERE
185 M E WALy, 20T ki, BLHATER
EoB/NSITHAOEOCIESHZFEHT, RIEbhIcHE
mlehy, SEEELHEOZELELDRD, LTI
wic, BROVBEXE L TEDTREROEREIT:
W, FofEE% Table 8 @ Case B, C, D iRdo &
b, #5.1 B CHRRIEEFEOREFTERE S 86 B
THhLHo b (TableT) ¥t 2 % &, WHHELIEL
DD EBILE R RS B i ERR ORHILS BAHAR
BB LT, RELMBE WL OhE2d O LiER
XD, Lo T, AR—DOBHEFERE Y52 A
OEOHEEEDEIEHD Y 5 5 b, HAOEORK
BRE, BABREREREY 5253009 b, &

S g GPESEOBORER G, RN REORE)
0 1 'w 4 5 HBVIHREEERCEREN I NETH S,
DENSITY (PERSON/M?) ke, HADEChZ T, BEE Pu, P SIOTER
. . N e ST, OIEHHEHK & LB, BHPTERE 2R
Fig. 8 Time histories of crowd densities in - . e e o
the escape system INET B SDOOHRND, BRANOEEE EERERS XU

ANER S5z pRFHEOAE T EEKD D, ZORBEDK
TR D BEFROFIEME & R E% Table 91 /RT, & DiF
B, BIHFTEREY 85 iR ot ¥, BB ST: D
BIUOHARERSEVEL LT T, B P,
P;; OfFX 3m 225 2.2m & 0.8m <7D,

FERANETHIHCHANEYRET 5, RBILOTHE
LT, BHOBIRTH 2 B PTER RN R AR OB
MFERELTEDRVLE L b, BEEERED 1Y
Th % Hooke-JeevesP x5, fuds, HARDIER
WoREAEEDHT Table 5, & 57: Table 6 0

No. 1 LU, HHIPEEO RN TEERETT 5, Table 9 Otpt.imuam ;riéuzz;ivzfi:ths of passages,
Hooke-Jeeves (i BT AN HED A F v FI1E% 2cm, stairway 4 ‘
A RIED DI C 0em & LTRAED IR I e s Lo o
775 o DA, EEORTIIARIED 5 57D Init.vat. | 300[30017.20/083[08G[080]0 6013 50 o.so“]azi S?CJ:
ENERTEIET A b Ch B, FHEEF A DML, ®WMﬁfﬁgﬁﬁ;@£?o%o%qwaww{_¢
/\Fﬂﬁ@ﬁ‘ﬂ‘%’ﬂi%fﬁ%f, BhilLTohvoton Conv.val. ¢ Convergent value
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EF AL, B AT & OREEIRIE & iR o UK
fbotcdic, HABRCIDBHRy bV —2 « I 7FR
EhE LT, DT, ERERR IOCEAERRITRT
HFERB A WEICEL B FEET AR E LD I LI
Y oT, BERHY AT ABT ABERH TR
FTL, BT A7 & DFHE & fdb 2 fT7n > Tk %iR
Rl Fh, BERHOHEETFTAONT 2 — 2HE
RERe E e REL, BRETLFEREEROBH >~
AFAHEAL, BHAERHR JOBHE Y27 sl
B3 B RESHOBENE L RDD £ L LI, BAE
ROHEUNRBREIC IS TEELYEREL, IbR, &
KEROFTLORBILDTEMAEZR LI,

TeB, TOMNTELIBHERBOREEEET LT
13, BRRPAE I P RERHC BT A REDORE LIECH
ABICFAETHAERS I EOBRPHERIER IR T
Wisbye L L7 D, PR OE CREFE YT /b
T, KEMCIE, BETHE Y A7 & 0EREE IR
bR b LEEL bRAWDT, GIBH © 27 A0
MEFHEE & LT, BETAFRIToEATCES LD
EEZ2 Do bbhA, REDRHEBOMEET A EER
BRCRTIKECERTENGELS KD X5, LEES
THFFR EMOFEMOTEFOMBLERERL EDF —
ZOBERL I - THETRECLIWE EThL, o
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