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An Investigation for Evaluation of the Safety of the Ship's Transit
in the Planned Channel of Asan Port
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Abstract

This paper was a part of the risk management in planning a channel. It utilized Korea Marine Training
& Research Institutes (KMTRI) which houses a real-time, full-mission shiphandling simulator to examine
the safety of the ship’s transit in the planned channel of Asan port. 6 competent Captains participated in
this study. The vessel modelled was a 60,000-ton ship. The two variables{factors) examined were environ-
mental conditions such as flood-and-ebb current condition and day-and-night condition. The two variables
were combined to produce four experimental conditions.

To evaluate the safety of the environmental conditions, two categories of performance measures were
analyzed. They were vessel’s proximity to channel boundary and vessel controalbility. The findings regar-
ding the effects of environmental conditions were as follows :

— Closest Point of Approach(CPA) to channel boundary was enough for 60,000-ton ship to transit th-

routh the channel with 99.999% confidence level.

— Closest Point of Approach(CPA) to channel boundary further was under against-current condition

than under with-current condition.
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~— Vessel controlability was better under against-current condition than under with-current condition.
~ Vessel controlability was better under inbound transit than under outbound transit.
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Table 1. 60,000—ton ship’s particulars

ITEMS CONTENTS

DWT 60,000 TON

LOA 254.0 METER

LBP 2400 METER

BEAM 32.2 METER

DRAFT 11.6 METER

ROTATION DIRECTION RIGHTHAND
MAX SPEED AHEAD 18 KTS
MAX SHAFT RPM AHEAD 120 RPM
MAX SHEED ASTERN 10 KTS
MAX SHAFT RPM ASTERN 90 RPM
NUMBER OF RUDDER 1 SET

RUDDER RESPONSE TIME | 26 SECONDS
BOW THRUSTER 1,200 HP
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Table 2. Dependent Variables relating to the sa-
fety of Asan Channel

Performance .
Dependent Variables
Measures
¢ Closest Point of Approach
Proximity (CPA) of ship to Channel bou-
Measures ndary
¢ Probability of exceeding chan-
nel boundary
* Variability of heading
* Average of absolute of yaw
Controlability | * Average swept path during tra-
Measures nsit
* Average absolute deviation of
ship’s track from channel cen-
terline
L * Average absolute rudder angle
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Table 3. Experimental Deisgn of Asan Channel

Inbound Outbound
Flood cur-{Ebb cur-|Flood cur-|Ebb cur-
rent rent rent rent
D |Night|D |Night{D |Night|D |Night
ay ay ay ay
S1/6| 4 3 7 1 8 2 5 |8
S2| 3 5 2 8 | 4 7 1 6 |8
S3| 2 7 14 1 8 3 51 6 |8
M40 4 ] 3 5 6 2 7 | 8 1 |8
S5/ 81 2 6| 3 5 1 4 7 |8
S61 1 8 6| 3 5 1 4 6 |8
6| 6 6| 6 6| 6 6 | 6 |48

Where, S means each captain.
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Table 4. Descriptive Statistics for Vessel Proximity Measures as a Function of Environmental condition

Inbound Outbound
Dependent
Seg. Variables Flood Curr. Ebb Curr Flood Curr. Ebb Curr.
Day Night Day Night Day Night Day Night

CPA to Channel M| 100.68] 109.53 90.23| 91.25| 16398, 17748} 183.93| 190.67

1 Boundary SD J 28.71 19.81 29.27 27.62 45.19| 4280} 40.68| 45.23
CPA to Traffic M| 8218 9025 11615 11217 N

| ship SD| 2582 2011} 2622 2885 |

FCPA to Traffic M| 287.77| 27127 333.87| 292.00) 18550| 193.27| 18255| 182.58

2 Boundary SD 6094, 67.62 58.28 5253 58.19| 41.11 57.51 52.78
CPA to Traffic M 20943 233.27| 182.55| 182.58

ship SD 58.93 6169 4642 41.28

CPA to Traffic M| 14867 13042| 154.32] 153.37| 171.80| 14823 12048| 117.70

3 Boundary SDh 39.18} 2804, 3358 2726 44.05 4952 3540! 32.23
CPA to Traffic M| 15025 143.10| 155.83| 143.00| 150.07| 131.47| 101.18| 132.52

ship SD 30.77 26.57 49.03 11.95 3176 3737 2477| 2185

CPA to Traffic M| 19300, 200.77| 173.68| 212.88| 129.77| 116.35| 153.38| 122.58

4 Boundary SD 54.08 51.14, 53.95 56.57 36.67 2549] 24.15 1641
CPA to Traffic M 124.85| 116.25 85.10] 104.33

ship Sd 32.18 33.46 19.69 16.16

king variable® A2j3le], 25 gl BAF S g}l & 4 gt} = Table 49 7)& EA 2o 95w
stsdch ool g F EAI % #d fof 52 2 Autze] Agle $2F 2ktsol A 116.15m,
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Table 5. Descriptive Statistics for Vessel Proximity Measures as a Function of Environmental condition

Dependent Inbound Outbound
Seg. Variables Flood Curr. Ebb Curr Flood Curr. Ebb Curr.

Day | Night | Day | Night | Day | Night | Day | Night

Variation M 1.18 1.14 1.32 143 0.61 0.77 0.56 0.37

in Heading SD 0.20 0.37 0.71 0.94 0.18 0.19 0.19 0.14
Ave. Abs. Yaw M 0.07 0.06 0.05 0.06 0.06 0.07 0.03 0.03
Rate SD 0.02 0.05 0.03 0.04 0.02 0.02 0.03 0.02

1 Ave. Swept M 47.05 4744 4762 47.17 46.69 4761 47.69 47.65
Path SD 0.65 0.32 0.63 1.05 115 0.97 045 0.66
Ave. Dev. from M| 4190 3692] 5388/ 6533| 3527, 4159 44.76| 4329
Centerline 1592 1239 2956| 3951 2050 21.72 4.67 5.99
Ave. Abs. M 448 4.05 3.54 4.39 3.09 227 2.13 1.97
rudder angle SD 1.01 2.65 0.92 2.34 0.73 0.22 1.32 1.04
Variation M 2.94 249 3.29 2.53 1.60 1.32 1.20 1.14

in Heading SD 1.61 1.08 2.35 0.54 0.75 0.54 0.20 0.18
Ave. Abs. Yaw M 0.21 0.19 0.17 0.22 0.16 0.14 0.13 0.13
Rate SD 0.11 0.08 0.03 0.02 0.04 0.04 0.02 0.04

2 Ave. Swept M| 4890 4848 51.12| 4927 50.69| 49.80) 48.70| 4921
Path SD 524 413 7.88 349 1.09 1.95 0.46 151
Ave. Dev. from M| 23141] 17290| 190.63| 205.82| 9891| 90.23| 107.33| 173.65
Centerline 3755 36.02 2956 30.18]| 1696| 1942| 17.58| 1993
Ave. Abs M 6.68 6.67 5.89 6.94 5.04 6.23 408 484
rudder angle SD 2.95 242 2.52 3.85 2.45 2.15 2.37 1.38
Variation M 1.26 115 117 1.34 1.08 113 1.06 1.00

in Heading SD 0.23 0.48 0.13 0.51 0.25 0.11 0.20 0.18
Ave. Abs. Yaw M 0.07 0.06 0.06 0.05 0.05 0.05 0.07 0.05
Rate SD 0.03 0.03 0.01 0.01 0.02 0.02 0.02 0.02

3 Ave. Swept M 41.85 4140 41.95 42.29 41.95 4223 41.10 41.86
Path Sd 0.54 1.03 0.63 145 0.75 0.53 0.57 0.24
Ave. Dev. from M, 117.23| 12361 12201 136.09| 112.23| 11536| 110.16| 112.00
Centerline SD 36.56 32.64 35.76 33.15 24.75 30.10 17.70 16.75
Ave. Abs. M 3.34 3.05 3.25 3.59 2.99 3.16 2.13 2.76
rudder angle SD 1.50 1.05 0.81 1.19 0.50 1.40 0.23 1.05
Variation M 143 111 1.05 1.01 1.09 0.86 1.01 0.99

in Heading SD 0.56 0.14 0.44 0.15 0.25 0.11 0.32 0.06
Ave. Abs. Yaw M 0.13 0.11 0.10 0.10 0.08 0.08 0.08 0.08
Rate SD 0.06 0.04 0.03 0.05 0.01 0.01 0.02 0.01

4 Ave. Swept M| 4332 4269 4368 4232| 4246, 4188| 4211| 4201
Path SD 2.29 1.21 2.38 0.63 0.46 0.18 0.67 0.20
Ave. Dev. from M| 129.72| 14409 130.71| 144.85| 14525| 154.27| 141.03| 148.74
Centerline 3197| 3500 3235, 3754| 20.04| 1247 541| 31.72
Ave. Abs. M 8.16 6.44 354 5.62 2.84 3.58 3.64 3.30
rudder angle SD 4.00 2.30 1.30 1.58 0.90 0.46 0.61 0.46
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Table 6. Vessel Proximity Measures Analysis of Variance Summary Table of Environmenta effect

Seg. Depnedant Inbound r Outbound
Variables Current | Daynight | Interaction | Current | Daynight | Interaction
1 CPA to Channel Boundary 1.12 <1 <1 150 <1
CPA to Traffic Ship 10.04*** 1.01 1.79
5 | CPA to Channel Boundary 4.75*" <1 1.33 <1 234 2.33
CPA to Traffic Ship 944" 117 <1
3 CPA to Channel Boundary <1 116 1.86 427" <1 <1
CPA to Traffic Ship <1 <1 <1 144 <1 1.57
4 CPA to Channel Boundary <1 <1 <1 1.74 2.82 <1
CPA to Traffic Ship 1.70 <1 2.87
Note : 1. Significant levels : *P=<0.1 2. No* indicates no significant effect.
* % P=<0.05

* ¥ ¥ P=<0.01

Table 7. Vessel Controllability Measures Analysis of Variance Summary Table of Environmental Effect

Seg. Depnedant Ilr;bmg)d _ Outbo_und _
Variables Current n?ght l:éfifm Current E?th T;?:fifm
Variability in Heading <1 <1 124 [1000***] <1 2.24
Average Absolute Yaw Rate <1 <1 <1 9.06*** <1 1.23
1 |Average Swept Path <1 <1 212 <1 1.26 <1
Ave. Abs. Deviation from Centerline | 341" <1 <1 <1 1.26 143
Average Absolute Rudder Angle <1 <1 <1 1.39 <1 <1
Variability in Heading <1 <1 <1 2.14 <1 <1
Average Absolute Yaw Rate <1 <1 144 3.22 <1 <1
2 | Average Swept Path <1 <1 <1 2.22 <1 1.55
Ave. Abs. Deviation from Centerline <1 <1 <1 142 1.17 <1
Average Absolute Rudder Angle <1 <1 <1 1.39 <1 <1
Variability in Heading <1 <1 <1 <1 <1 <1
Average Absolute Yaw Rate <1 1.24 <1 T <1 <1 <1
3 | Average Swept Path 1.52 <1 <1 | <1 <1 <1
Ave. Abs. Deviation from Centerline <1 145 245 1.98 1.93 1.55
Average Absolute Rudder Angle <1 <1 <1 1.40 <1 <1
Variability in Heading 241 142 <1 <1 2.02 1.56
Average Absolute Yaw Rate 1.36 <1 <1 <1 <1 <1
4 | Average Swept Path <1 1.76 <1 <1 3.83 1.89
Ave. Abs. Deviation from Centerline <1 <1 344" 1.06 3.44 <1
Average Absolute Rudder Angle 4.77** <1 2.32 <1 <1 2.15
Note : 1. Significant levels *P=<01 2. No* indicates no significant effect.
* % P=<0.05
* % % P=<0.01
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Table 8. Lower Limit of Confidence Interval for CPA to Channel Boundary

Dependent Inbound Outbound
Seg. Variables Flood Curr. Ebb Curr. Flood Curr. Ebb Curr.
Day Night Day Night Day Night Day Night
CPA to Channel M| 10068 10953  90.23 9125 16398| 17748 18393] 19067
Boundary SD 28.71 19.81 29.27 27.62 45.19 4280  40.68 45.23
Confi- |@=0.01 86.34 7692| 4205 4579 8959, 10703| 11697 11621
dence  [a=0.001 20.17 53.98 8.15 1380] 3725 57.45 69.85|  63.83
L [evel a=0.0001] —30.34 1913| —4334| —34.79] —4224| -1783| —171] —1573
CPA to Traffic M 82.18| 9025/ 116.15( 11217
ship SD 25.82 29.11 26.22 28.85
Confi- |a=001 3968 4233|7299 6468
dence a=0.001 9.77 8.61 42.62 31.27
level a=00001| —3565 —4259| —350/ —1948
CPA to Channel M| 287.77| 271.27| 33387 29200, 18550| 19327 18255 18258
Boundary SD 6094|  67.62 5828/ 5253 58.19| 4111 57.51 52.78
Confi- |a=0.01 18746 15996 23794| 20553  89.72| 12560,  87.89 95.70
dence  |a=0.001 116.88 8165 17044 14469 22.32 7799 2128, 3457
, |level a=0.0001 967 —3731°  67.92 52.28| —80.04 567| —79.89| —5827
CPA to Traffic M ; 209.43| 23327| 15545 147.12
; ship SD | 5893|  6L79] 4742 4128
' Confi-  |[a=0.01 . 11243| 13156, 7739  79.17
dence  |a=0.001 44.18 59.99 2247 31.36
level 2=0.0001 —5949| —4870i —6095 —41.26
CPA to Channel M| 14867 13042 154.32| 15337 17180, 14823 12048 117.70
Boundary SD 39.18 2804, 3358/  27.26| 4405 4952 3540 3223
Confi-  |a=0.01 84.18) 8426  99.05 10850 99.29|  66.72 62.21 64.65
dence  |a=0.001 3880; 5179 60.15 7683 4827 936 2121 27.32
g level a=00001| —30.12 2.46 1.08 2897, —2922| —77.75| —4106] —29.38
CPA to Traffic M 15025/ 14310, 155.83| 14300/ 150.07] 13147| 101.18] 13252
ship SD| 3077 26.57 49.03 11.95 3176|  37.37 24.77 21.85
Confi- |a=001 . 9960/  99.36 75.12| 12333 97.79 69.96 9953. 9655
dence  |a=0.001 6369 6859 1833 10949 61.00 26.67 31.72 71.24
level a=0.0001 9.83 2185 —6791 —8846 513 —3906, —11.86| 32.80
CPA to Channel M| 19300 200.77| 17368 21288, 129.77| 11635 15338 12258
Boundary SD 5408/  5114| 5395 5657|  36.67 2549 2415 16.41
Confi-  |a=0.01 10398 11659 8488 11976 6941 7439 11363 95.57
dence  |a=0.001 4136|  57.36 2239  54.24 2694  4487| 8566 76.56
y level a=00001| —53.79| —3260| —7252| —4527| —3757 003]  4317| 4769
CPA to Traffic M , 12485 116.25 85.12| 104.33
ship SD 3 3218/ 3346 19.69 16.16
Confi-  |a=0.01 ', 71.88 61.17 57.63 77.73
dence a=0.001 34.61 2242 29.88 59.01
level a=0.0001 —2200| —3644] —475 30,59

Note . —value means exceeding channel boundary.
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