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ABSTRACT

Safety of life at Sea has been emphasized for a long while. Since International
Maritime Organization published regulation referring to evacuation analysis for
passenger ship, it is essential to implement simulation about egress route distribution and
safety of passengers. Although ships are for carrying goods mainly, maritime tourism has
sprung up recently such as luxury cruises, as the result, it becomes more and more
important to arrange egress route distribution that leads to efficient evacuation for
passengers under emergency conditions.

AENEAS was used for the following simulation about evacuation and analysis for
passenger ship. Due to the limit of each exit, it is essential to assign specific rooms to
appropriate exit. In this case, potential is the key to determine the exit which each room
prefer to go, furthermore, Greedy Algorithm is applied to reach the result. The other way
to assign exit is taking account of conflict of agents. After assigning rooms to each exit
and distributing egress routes among all cabins, simulation was implemented under static
condition. Afterwards, simulation under periodical ship motion was implemented to
observe what happens when the environment became more dangerous for passengers. The
assumption and environmental parameters all correspond to “Guidelines for Evacuation
Analysis for New and Existing Passenger Ships”. It seemed that the result of simulation
comply with the guideline mentioned which means that the current egress route
distribution and total travel time are literally proper. Although the condition with
periodical ship motion takes more travel time than static condition, it still comply with
the guideline. And the results show that restricted capacity for exits of Greedy Algorithm
1s more suitable to evacuation simulation of partial area, on the other hand, assign exit by
considering conflict of agents is more proper to simulation of all passenger decks.

In the future, ship damage condition could be considered for further evacuation
simulation. When ship is tilting, as freeboard immersed and water flowing into cabins,
the general environment becomes more harmful for passengers. In this way the
evacuation time should be less and condition becomes more dangerous than the guidelines
published by IMO, it will reflect the reality of shipwrecks.
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21 HEZER

& 1999 #4%% >4 A ¢ (Maritime Safety Committee, MSC)#/| z_ " /& %38 £

S LI FZ L i in ¥ = 4 | (Interim Guidelines for a Simplified Evacuation
Analysis of Ro-Ro Passenger Ships, MSC/Circ.909) » ‘§d % X ig 3718 » 3+ 2005 & 37
G- IR AR T B ol £ A 1 # = 4+ | (Guidelines for a Simplified Evacuation
Analysis of High-Speed Passenger Craft)[18] » i #2007 # = 5 T 3123 & %
FAT A 17 4p # 2 45 (Guidelines for Evacuation Analysis for New and Existing
Passenger Ships, MSC/Circ.1238) [19] » 4% % 4p ik - FF B¢ R TR A 47 2
2SR O (P e R Y e

AT ES A N F e TE S AR CAERBFERE AT B
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211 BEATEFR AR T

AR R R IMO #rap F TRTE R G A T A A 0 4 ¢ miE

A A e A T HR S B R R e Y P e A 5 A
2
L25T +Z(E+L)<n

E+L <30 min
T=  {7:&pF R (Travel Time)
E=  #4 % & dofvd 422 7 5% (Embarkation Time)
L= #4&& dofc? 422 7 K pFF (Launching Time)
n=  60min.Ro/Ro Z# > 2. Ro/Ro 4y 2. £ > L &8 R (MVZ)= B 11T pF o
80 min. 2 Ro/Ro 4y 2. £ 85 > L &8 % (MVZ)= B 11} pF o
IR ESLony 3 RETE A TEREEFHER] T
1 %% %(MVZ)[20] 5 Main Vertical Zone > 1 3 % ed & U fr L * 2414 >
T404 > EAFLZALE B e uMgE) BR L B2
B A JEHL > g R 143 RORB O LG RBREEL > g 3 - Bt
TALERERLEDAYSIHAF R AEFIHF I DAL PR SRR T

%2 1600 T = 5 o
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212 R 3%
B IMO [T 38 SR+ RAFRACA T B0 44 ¢ B RR A A 5 ATRE

ZAveRE FRERICT R 0 L AEE B PRITIRT T e Fol b
PR ERERAA T AL FTRE A ROFGEREY B RS T LG AT
AT e et 2.1 hA A F 5 giEn s B PRRRT B 2 et

Bt eom &4 ~ 27 o }a FrlolHmEEE RA4cR 22 F AR

N

i 4 T év‘\—%‘{i'f’}ﬁ-’f%ﬁ’lfﬁﬁ’;f’?@ﬁ}if;z k"]%fai\;i?ﬁi\;;ﬁ“ s hed 23824 24
ko B2 bl B2 PR ETESDY AT
#21 AR RN EE S SRR Al

Population groups - passengers Percentage of passengers (%)

Females younger than 30 years 7

Females 30-50 years old 7

Females older than 50 years 16
Females older than 50, mobility impaired (1) 10
Females older than 50, mobility impaired (2) 10
Males younger than 30 years 7

Males 30-50 years old 7

Males older than 50 years 16
Males older than 50, mobility impaired (1) 10
Males older than 50, mobility impaired (2) 10

Population groups — crew Percentage of crew (%)

Crew females 50
Crew males 50

%22 A fu s ##b2 TEFEGE R

Gender Age (years) Speed (m/s)
2-83 0.06 " age + 0.5
8.3-13.3 0.04 " age + 0.67
Female 13.3-22.25 0.02 " age + 0.94
22.25-37.5 -0.018 “age + 1.78
37.5-70 -0.01 “age + 1.45
2-5 0.16 " age + 0.3
5-12.5 0.06 " age + 0.8
Male 12.5-18.8 0.008 " age + 1.45
18.8 - 39.2 -0.01 "age + 1.78
39.2 - 70 -0.009 " age + 1.75
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Population groups — passengers

Walking speed on flat terrain

(e.g., corridors)

Minimum (m/s) Maximum (m/s)
Females younger than 30 years 0.93 1.55
Females 30-50 years old 0.71 1.19
Females older than 50 years 0.56 0.94
Females older than 50, mobility impaired (1) 0.43 0.71
Females older than 50, mobility impaired (2) 0.37 0.61
Males younger than 30 years 111 1.85
Males 30-50 years old 0.97 1.62
Males older than 50 years 0.84 1.4
Males older than 50, mobility impaired (1) 0.64 1.06
Males older than 50, mobility impaired (2) 0.55 0.91

Walking speed on flat terrain

Population groups — crew (e.g., corridors)

Minimum (m/s) Maximum (m/s)
Crew females 0.93 1.55
Crew males 1.11 1.85

£24 AR adTRPESERER
Walking speed on stairs (m/s)
Population groups — passengers Stairs down Stairs up
Min. Max. Min. Max.
Females younger than 30 years 0.56 0.94 0.47 0.79
Females 30-50 years old 0.49 0.81 0.44 0.74
Females older than 50 years 0.45 0.75 0.37 0.61
Females older than 50, mobility impaired (1) 0.34 0.56 0.28 0.46
Females older than 50, mobility impaired (2) 0.29 0.49 0.23 0.39
Males younger than 30 years 0.76 1.26 0.5 0.84
Males 30-50 years old 0.64 1.07 0.47 0.79
Males older than 50 years 0.5 0.84 0.38 0.64
Males older than 50, mobility impaired (1) 0.38 0.64 0.29 0.49
Males older than 50, mobility impaired (2) 0.33 0.55 0.25 0.41
Walking speed on stairs (m/s)
Population groups — Crew Stairs down Stairs up
Min. Max. Min. Max.
Crew females 0.56 0.94 0.47 0.79
Crew males 0.76 1.26 0.5 0.84
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A E Loa=110m
e L, =985m

i E B=178m
it ok d=5m
TERRE GM=075m
fEE 1250 MT

£ 3R V = 24 knots

GM = KM -KG
=KB+BM -KG
¥ d=5mpE >
KB =2.915m
BM =6.133m
— KM =9.048M
Ao R R
KG =8.3m
— GM =0.75m
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2 1120 | 1100 | 1590 | 1570 | 990 | 970
3 930 | 990 | 1310|1470 | 710 | 870
4 1080 | 1060 | 1560 | 1540 | 960 | 940
5 1050 | 930 | 1510 | 1310 | 930 | 710
6 900 | 880 | 1380 | 1360 | 780 | 760
7 830 | 810 | 1310|1290 | 710 | 690
8 780 | 760 | 1260 | 1240 | 660 | 640
9 750 | 730 | 1230|1210 | 630 | 610
10 840 | 820 | 1300|1280 | 700 | 680
11 820 | 800 | 1300 | 1280 | 700 | 680
12 690 | 670 | 1180 | 1160 | 580 | 560
13 590 | 570 | 1070|1050 | 470 | 450
14 730 | 710 | 1220 | 1200 | 620 | 600
15 650 | 630 | 1130 | 1110 | 530 | 510
16 570 | 550 | 1060 | 1040 | 460 | 440
17 790 | 770 | 1250 | 1210 | 670 | 650
13 690 | 670 | 1130|1090 | 570 | 550
19 630 | 610 | 1080 | 1040 | 520 | 510
20 780 | 760 | 1230 | 1190 | 650 | 630
21 660 | 640 | 1100 | 1060 | 540 | 520
22 590 | 570 | 1030990 |470 | 450
23 750 | 730 | 700 | 660 | 660 | 620
24 940 | 920 | 520 | 480 | 840 | 800
25 710 | 690 | 670 | 630 | 610 | 570
26 900 | 880 | 480 | 440 | 800 | 760
27 790 | 810 | 160 | 310 | 780 | 850
28 820 | 810 | 300 | 170 | 830 | 790
29 1330 | 1310 | 1820 | 1820 | 1220 | 1290
30 1210 | 1190 | 1700 | 1700 | 1100 | 1170
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31 1310 | 1290 | 1800 | 1800 | 1200 | 1280
32 1170 | 1150 | 1660 | 1660 | 1060 | 1130
33 800 | 780 | 1290 | 1290 | 690 | 750
34 640 | 620 | 1130 | 1130 | 530 | 610
35 780 | 760 | 1270 | 1270 | 670 | 730
36 620 | 600 | 1110 | 1110 | 510 | 590
37 750 | 730 | 840 | 840 | 640 | 720
38 930 | 910 | 670 | 670 | 820 | 900
39 710 | 690 | 810 | 810 | 600 | 680
40 890 | 870 | 630 | 630 | 780 | 860
41 910 | 930 | 420 | 600 | 970 | 970
42 920 | 910 | 580 | 440 | 940 | 940
43 1240 | 1220 | 1730 | 1730 | 1130 | 1240
44 1000 | 980 | 1490 | 1490 | 890 | 1000
45 1190 | 1170 | 1680 | 1680 | 1080 | 1190
46 1110 | 1090 | 1600 | 1600 | 1000 | 1110
47 1050 | 1030 | 1540 | 1540 | 940 | 1050
43 1310 | 1290 | 1780 | 1740 | 1200 | 1180
49 1250 | 1230 | 1720 | 1680 | 1140 | 1120
50 1170 | 1150 | 1640 | 1600 | 1060 | 1040
%35 $2 LRG0 e LA
BEHENVEA | 1] 23] 4] 56
1 6 | 5| 211413
2 6 | s 211]4]3
3 slel1]2]3]4
4 6 | s 211]4]3
5 6 | s 211]4]3
6 6 | s 211]4]3
7 6 | s 211]4]3
8 6 | s 211]4]3
9 6 | s 211]4]3
10 6 | s 211]4]3
11 6 | s 211]4]3
12 6 | s]211]4]3
13 6 | 5] 2]11]4]3
14 6 | 5] 2]11]4]3
15 6 | 5] 2]11]4]3
16 6 | s 211]4]3
17 6 | s 211]4]3
18 6 | 5] 2]11]4]3
19 6 | 5] 2]11]4]3
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TR ERPET AR e s e R e TR T 2B RS R M T

L S gifs ™

%38 i4gF I v

LA\ T MhEh 1 2

1 1140 1120

2 1120 1100

3 930 990

4 1080 1060

5 1050 930

6 900 880

7 830 810

8 780 760

9 750 730

10 840 820

11 820 800

12 690 670

13 590 570

14 730 710

15 650 630

16 570 550

%39 :4gF i T W
5\ T L 1 2 3 4 5 6 7 8

1 410 410 350 760 880 860 1710 1710
2 410 410 350 750 870 850 1710 1710
3 100 350 290 650 610 750 1560 1570
4 380 380 320 720 840 820 1680 1680
5 350 100 150 690 810 610 1570 1560
6 210 310 370 540 660 640 1500 1500
7 270 430 370 470 590 570 1430 1430
8 340 500 440 420 540 520 1380 1380
9 400 500 440 390 510 490 1350 1350
10 330 330 270 460 580 560 1420 1420
11 460 460 400 460 580 560 1400 1400
12 640 660 600 340 460 440 1280 1280
13 730 750 690 230 350 330 1170 1170
14 560 580 520 380 500 480 1320 1320
15 650 690 630 290 410 390 1250 1250
16 720 740 680 220 340 320 1160 1160
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% 3.10

LT AT

L= R AR 1 2
1 840 1000
2 980 840
3 1010 990
4 420 400
5 360 520
6 500 360
7 560 580
8 570 560
R AR
4311 L4z e ac
EE AR L 3 4 5 6
17 1250 1210 670 650
18 1130 1090 570 550
19 1080 1040 520 510
20 1230 1190 650 630
21 1100 1060 540 520
22 1030 990 470 450
23 700 660 660 620
24 520 480 840 800
25 670 630 610 570
26 480 440 800 760
27 160 310 780 850
28 300 170 830 790
£ 312 245F 3% WP
LE AU UK 1 2 3 4 5 6 7 8
17 610 | 590 | 390 | 370 | 570 | 570 | 15101470
18 750 | 750 | 550 | 270 | 470 | 470 {1390 1350
19 690 | 690 | 610 | 210 | 410 | 420 1330|1290
20 600 | 580 | 380 | 360 | 560 | 560 |1500 | 1460
21 720 | 720 | 520 | 240 | 440 | 440 (13601320
22 660 | 650 | 570 | 170 | 380 | 370 {1290 1250
23 830 | 790 | 830 | 330 | 550 | 530 | 950 | 910
24 1020 | 980 | 1020 | 520 | 740 | 720 | 780 | 740
25 790 | 750 | 790 | 290 | 510 | 490 | 930 | 890
26 980 | 940 | 980 | 480 | 700 | 780 | 640 | 700
27 1350 | 1440 | 1520 | 1020 | 850 | 940 | 230 | 400




28

1410|1370 [ 1470] 970 | 910 | 870 | 280 | 250 |

%313 L4535 T P
G\ T W 1 2 3 4 5 6 7 8 9
17 500 | 520 | 400 | 380 | 480 | 480 | 1460 | 1420 | 1120
18 670 | 670 | 550 | 250 | 370 | 370 | 1330 | 1290 | 1010
19 700 | 700 | 580 | 160 | 280 | 290 | 1240 | 1200 | 920
20 500 | 500 | 380 | 360 | 460 | 460 | 1440 | 1400 | 1100
21 640 | 640 | 520 | 220 | 340 | 340 | 130 | 1260 | 980
22 680 | 680 | 560 | 160 | 270 | 260 | 1220 | 1180 | 900
23 900 | 860 | 820 | 300 | 440 | 420 | 900 | 860 | 560
24 1090 | 1050 | 1010 | 490 | 630 | 610 | 710 | 670 | 370
25 860 | 820 | 780 | 260 | 400 | 380 | 880 | 840 | 550
26 1050 | 1010 | 970 | 450 | 590 | 570 | 690 | 650 | 360
27 1430 | 1520 | 1520 | 1000 | 930 | 1020 | 150 | 320 | 240
28 1500 | 1440 | 1480 | 960 | 1000 | 940 | 320 | 160 | 200
4314 Lot ypidc
W b\ T e 3 4 5 6
1 1210 1410 610 940
2 1410 1210 940 610
3 1460 1420 880 860
4 920 920 320 430
5 720 920 120 650
6 920 720 650 120
7 270 530 890 1070
8 540 280 1080 900
%315 Lo THbI AT
AR R AR L 3 4 5 6
1 1290 1490 690 980
2 1290 1490 990 690
3 1460 1420 880 860
4 920 920 320 430
5 790 990 190 560
6 1000 800 560 200
7 190 450 810 990
8 460 200 1000 820
9 360 360 680 680
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%316 Lw 3w T
v F\e TR B[ 1 2 3 4 5 6 7 8 9
1 110 | 490 | 370 | 500 | 440 | 760 | 1400 | 1570 | 1250
2 470 | 110 | 290 | 600 | 740 | 440 | 1570 | 1400 | 1250
3 280 | 200 | 40 | 580 | 680 | 680 | 1660 | 1620 | 1320
4 610 | 700 | 590 10 150 | 250 | 1130 | 1120 | 820
5 600 | 900 | 780 | 220 | 120 | 480 | 910 | 1080 | 760
6 890 | 590 | 770 | 330 | 470 | 110 | 1080 | 910 | 760
7 1560 | 1740 | 1720 | 1180 | 1060 | 1240 | 120 | 390 | 460
8 1730 | 1550 | 1670 | 1150 | 1230 | 1050 | 390 | 110 | 430
3. Av 4
%317 453 % ¢ ¥
S\ {5 1 2 3 4 5 6 7 8 9
29 550 | 660 | 450 | 900 | 1050 | 1090 | 2010 | 2000 | 1570
30 540 | 540 | 330 | 780 | 960 | 970 | 1920 | 1880 | 1450
31 640 | 590 | 440 | 880 | 1060 | 1080 | 2020 | 1980 | 1560
32 500 | 500 | 290 | 740 | 920 | 930 | 1880 | 1840 | 1410
33 610 | 610 | 390 | 370 | 550 | 550 | 1510 | 1470 | 1030
34 670 | 690 | 550 | 210 | 390 | 410 | 1350 | 1310 | 890
35 500 | 590 | 370 | 350 | 530 | 530 | 1490 | 1450 | 1010
36 650 | 650 | 530 | 190 | 380 | 390 | 1330 | 1290 | 870
37 820 | 800 | 840 | 320 | 560 | 520 | 940 | 900 | 480
38 1000 | 980 | 1020 | 500 | 740 | 700 | 790 | 750 | 310
39 780 | 760 | 800 | 280 | 520 | 480 | 920 | 880 | 450
40 960 | 940 | 980 | 460 | 700 | 660 | 740 | 700 | 270
41 1370 | 1430 | 1510 | 990 | 870 | 950 | 230 | 400 | 290
42 1400 | 1380 | 1480 | 960 | 920 | 880 | 390 | 240 | 260
4318 LigR I o TP
EESAN - R 3 4 10 11 12 13 14
29 450 870 2030 | 1490 | 1510 | 1750 | 1710
30 320 750 1900 | 1370 | 1390 | 1630 | 1580
31 440 880 2020 | 1500 | 1520 | 1760 | 1700
32 310 740 1890 | 1360 | 1380 | 1620 | 1570
33 410 350 1510 970 990 1230 | 1190
34 570 210 1350 830 850 1090 | 1030
35 400 340 1500 960 980 1220 | 1180
36 560 200 1340 820 840 1080 | 1020
37 870 330 950 710 670 690 630




38 1050 510 790 550 510 530 470
39 840 300 920 680 640 660 600
40 1000 460 740 500 460 480 420
41 1530 990 440 470 550 230 400
42 1500 960 280 520 480 390 240
%319 Lot e TR
v P\ T HLE B 3 4 10 11 12 13 14
1 400 500 1680 960 1280 1220 1380
2 310 590 1520 1260 960 1410 1200
3 30 560 1720 1180 1200 1440 1400
4 600 10 1220 650 790 910 900
5 780 220 1190 460 950 720 910
6 770 310 1030 950 460 930 710
7 1730 1170 340 590 770 350 610
8 1690 1150 90 750 590 610 350
9 1260 720 530 280 300 260 260
4, TR T
%320 A4 3 % b Y
G\ b W 3 4 10 11 12 13 14
43 400 800 1980 1340 1320 1640 1640
44 240 560 1760 1120 1110 1420 1400
45 360 750 1940 1300 1280 1600 1590
46 290 670 1870 1230 1210 1530 1510
47 210 610 1790 1150 1130 1450 1450
48 290 870 2070 1430 1410 1730 1710
49 230 810 2010 1370 1350 1670 1650
50 150 730 1930 1290 1270 1590 1570
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%321 :4gFRHFREAEKE AR A
G MEL | R EAd | Dr ML | B g ML | R Adk | I MhEh | B
1 2 6 1 26 22 4 1
2 1 6 1 27 21 3 1
3 1 5 1 28 21 4 1
4 1 6 1 29 31 5 1
5 1 6 1 30 30 5 1
6 1 6 1 31 30 5 1
7 1 6 1 32 31 5 1
8 1 6 1 33 24 5 1
9 1 6 1 34 2 5 1
10 6 6 1 35 24 5 1
11 1 6 1 36 2 5 1
12 2 6 1 37 30 5 1
13 2 6 1 38 30 3 1
14 2 6 1 39 30 5 1
15 2 6 1 40 30 3 1
16 2 6 1 41 21 3 1
17 24 6 1 42 21 4 1
18 6 6 1 43 2 5 1
19 6 6 1 44 4 5 1
20 24 6 1 45 2 5 1
21 6 6 1 46 2 5 1
22 6 6 1 47 2 5 1
23 22 6 1 43 2 6 1
24 23 4 1 49 2 6 1
25 23 6 1 50 2 6 1
4322 &div ARz fE AR FlpES

o ST IENE : g kE A H Flep=+ | Do

1 120 0 120 0.00 %

2 120 0 120 0.00 %

3 150 102 438 32.00 %

4 150 87 63 42.00 %

5 300 247 53 82.33 %

6 300 149 151 49.67 %
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%2323 PLEAHEL AL RO
NI S T AR A T AT T A
1 2 1 4 26 22 4 1
2 1 1 4 |27 21 3 1
3 1 1 3 128 21 4 1
4 1 2 3129 31 5 1
5 1 2 3130 30 5 1
6 1 1 4 |31 30 6 2
7 1 1 4 |32 31 6 2
8 1 1 4 ]33 24 5 1
9 1 1 4 |34 2 5 1
10 6 1 4 |35 24 6 2
11 1 2 3 |36 2 6 2
12 2 1 4 |37 30 5 1
13 2 1 4 |38 30 3 1
14 2 2 3 39 30 6 2
15 2 2 3 140 30 4 2
16 2 2 3 |41 21 3 1
17 24 5 2 |4 21 4 1
18 6 5 2 |43 2 5 1
19 6 5 2 |44 4 5 1
20 24 6 1 |45 2 5 1
21 6 6 1 |46 2 5 1
22 6 6 1 |47 2 5 1
23 22 5 2 |48 2 6 1
24 23 3 2 |49 2 6 1
25 23 6 1 50 2 6 1
%324 ARI 1 ENT A RE RS

dr e T4 A #ic *E Ak Flapiz+ | Do F

1 120 18 102 15.00 %

2 120 9 111 7.50 %

3 150 95 55 63.33 %

4 150 94 56 62.67 %

5 300 187 113 62.33 %

6 300 182 118 60.67 %
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frequency
w £ o (o)) ~ [o-]

N

_

810 840 870

780

900

930

|| WIIIIIIIII

L

960 990 1020

Duration (s)

W41 #FRRRgd gt d Bl e 7 R

2042 BORORRL S R RS

1050

1080

FoARRL L ER

T2 EE ()

' }2 g (mean)

947

152 1 (stddev) 55
95% 13 #f -k 2 (significant) 1044
% -] i&(min) 816
# *~ (E(max) 1108
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frequency

11
10

735 750 765 780 795

810
Duration (s)

825 840

855 870 885

Bl43 frpFa 248753 N0 NF 4 A pEFETA TR

%43 RIPFFEILEFTE DAL RD N ZFIREFE R

e i

2 R (s)

R

A}ga—% ;\: L _ﬁ{

L 218 (mean) 811 -14.36%
1% £ (stddev) 31 -43.64%
95% 13 #F -k 2 (significant) 859 -17.72%
B -] i (min) 739 -9.44%

B =~ & (max) 888 -19.86%
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IO A EFQN) | P& FLApN e | gl A s prdir [l

B A 714 700 -1.96%
g B 784 774 -1.27%
g C 722 720 -0.28%
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VS ¥ &R 'F Pmax
I I9i7 2R
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