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A Study on Restructuring of Ship for Survival Rate Improvement

Won Ouk Kim

Department of Safety Engineering, The Graduate School
Pukyong National University

Abstract

In this paper the related regulations were reviewed and fire simulations and
evacuation simulations were carried out in order to analyze the influence of
ship structure improvement on life safety. Fire dynamics simulator for fire
simulations and Pathfinder for evacuation simulations were used. First, this
paper suggested the size from the standpoint of life safety in relation to the
citadel which protects the life of crew when a ship is seized by pirates.
Decrease in the Required Safe Escape Time(RSET) through increase in the
height of the accommodation and width of corridor and evacuation exit of a
ship was analyzed. In addition, the influence of draft curtain on reduction in
Available Safe Escape Time(ASET) was analyzed. The results of this research

are summarized as follows:

As there is no standard of the size and height of citadel in ship facilities
standards, revision of the standards is required. The Korean Register of
Shipping(KR) defines the floor space per capita as more than 0.85m° but there
is no standard on it's height. As a result of analysis of the floor space and
height of citadel by taking into account the evacuation threshold limit value, it
was confirmed that the time for getting to ASET exceeded 17.1 seconds, which

are the REST, in time of a fire less than 1MW when the floor space was more

than 6.25m%/ person and the height was more than 3m. In other words, ASET

was met only after all crew were done with evacuation, through which this

- Vil -



paper confirmed that the floor space and height of citadel had a big influence
on the life safety. As a result of measuring the temperature at the spot 10m
distant from the origin of a fire in case the height of the accommodation was
increased by 30cm from 2m to 2.3m, the time for getting to ASET value 40.8
seconds in case of 2.0m, and 96.6 second in case of 2.3m, showing

improvement by 136.8%.

In case of visibility range, the time for getting to ASET from the spot 20m
distant from the fire area was found to be 92.4 seconds in case of 2.0m, and
201.6 seconds in case of 2.3m, showing improvement by 118.2%. Such a result
revealed that the ASET increase on a large scale in case the height of the ship

accommodation was increased by 30cm.

As a result of the analysis of the influence of the width of a corridor and
evacuation exit on survival of human life, it was found that there was a big

influence on the decrease in the RSET when crowd density was more than 0.5
person/m*, and width was increased by 50cm in case of a corridor. In
addition, in case of an evacuation exit, it was confirmed that the RSET
decreased when crowd density was more than 0.3 person/m’, and width

increased by 50cm.

Installation of a draft curtain, which wasn’t installed at the existing ship was
suggested. In case the length 30cm, temperature was 31.1C, showing
improvement by 6.6%. And in case the length 40cm, temperature was 27T,
showing improvement by 18.9%. As for visibility range reduction rate, it
improved by 57% with 21.2m in case the length of a draft curtain was 20cm
comparing to 13.5m in case of the absence of a draft curtain. In addition, in
case a draft curtain was more than 30cm, it was found that there was no
reduction in visibility range due to smoke. Accordingly, this paper could
confirm that the draft curtain in length of more than 30cm was effective in the

life safety.
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Fig. 3-1 International Maritime Bureau piracy repon”.

- 25 -



3. AdH d3 %

7b. AW 83

A A

Table 3-4= A dute] AAH AL da]A

otk Adeddia A= ai4e] 2] = Faol

T} Table 3-4014 H= wpel o] AdEo] AF

d S48 o] Axstm 9tk Fig. 3-2"% WakE, 9T ZF

LI A ol B AE gl A Folt

Table 3-4 Location and structure of the citadel

9 A * 4
71 YA AR 0 B ol
Awa A AFTY, B4 2 e B P
LHE YTE Fa A9
AR AT AYR 0§
7779 QT webgR A
CEYT W A=A PR A

E} 7] A

T B8
4 k5 AT
FA7 A=




Fire door Locking device Ventilator

Fig. 3—-2 Structure of the citadel.
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Fig. 3-3 Survival apparatus in citadel.
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Fig. 3—-4 Survival apparatus in citadel (example).
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Fig. 3-8 Comparison of real fire and simulation with FDS for WTC.
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Table 3-7 Simulation parameters
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Fig. 3-9 Measuring point for temperature and visibility.
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Table 3-8 Time to reach a temperature of 60 °C (0.85m2/person)

- 43 -

A 10kW 100kW IMW

ﬂ%ﬁ 4o | AR N a4, | A6 A 60°C
=] =2 o 60°C | e g FHa e o

wo] | 2E | =g | ex | T S e | T N

=°] S I R I A E T = IR

o }\ 7 (e} (e}
@ | O a0 9 O a9l @ |9 el ©
2 374 50 - 1136 | 49 5 4628 | 36 3
3 | 334 48 - 81.1 46 16 | 3495 | 48 4
4 | 304 44 = 652 48 45 | 2816 | 49 5
5 | 267 50 r 392 29 g 2384 | 42 14
% - AL 60°C o EEEA e ond




(%]

Table 3-9% =433 71EQ] 109 vt A 085m?e] 27|12 4
AU A 7F A NS A WSS A 7HAALR] Smell =gk Al
He F2 bl Zolth aelal H2 JMAAY 9 Ha AR 294

2 AA AlEEold AR 50xA Ha ThA AR SF HA THAAE =

U 3mel A= =gzl A4deA ALdE BavdAz 20425 =
Ak 28y IMW Ale EE 27604 Smol =93k Alzke] 2
IIAIZE 204% olHE dErgt =, 17T wteE el 0.85m* A,
10kWell A dxe] BE zolok 100kWel *%°]7F 3m 149l A5&

- 44 -



Table 3-9 Time to reach the visibility of 5m (0.85m?/person)
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Fig. 4-4 Comparison of temperature variation with time at measuring

point (20m from a fire source).
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Fig. 4-7 Comparison of temperature variation with time at measuring

point (20m from a fire source).
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Fig. 4-8 Comparison of temperature variation with time at measuring

point (30m from a fire source).
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Fig. 4-10 Variation of temperature with time for distance form fire
source.
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Fig. 4-16 Evacuation persons according to corridor width.
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Fig. 4—-17 Evacuation persons according to exit width.
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Fig. 4-21 Visibility distribution without draft curtain.
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Fig. 4-22 Visibility distribution with 40cm long draft curtain.
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scenario 1.
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Table 4-13 Evacuation time for floor evacuation scenario

s AZ(s)
A F(m)
30%= 45%
1.0 450.5 486.3
1.5 291.3 324.3
2.0 231.3 262.0
2.5 207.0 226.5
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