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Fig.1 Sea areas defined in the GWS

Table 1 Ship classification and number

(Bulk carriers, container ships and oil tankers are classified by size)

Ships Classification number Size

Bulk Carrier (BC) Baby, Handy 2974 DWT<50,000
Handymax 2171 DWT<65,000
Panamax, Overpanamax 1442 DWT<130,000
Capesize 1452 130,000=DWT

Chemical tanker 2538

Container ship (CT)  Feeder 2793 TEU<4000
Panamax 935 TEU<6000
Over panamax 829 TEU<12,000
Mega 358 12,000=TEU

General cargo ship 598

LNG carrier 399

LPG carrier 778

Multipurpose ship 2229

0il Tanker (OT) Small, Middle Range 1863 DWT<60,000
Large Range, Aframax 644 DWT<120,000
Suezmax 516 DWT<170,000
VLCC, ULCC 715 170,000=DWT

Ore carrier 237

Reefer 26

Vehicle carrier 733

Wood chip carrier 119
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Fig. 2 World f plotted AIS data of VLCC
'8 Ol map of PIothe arao ° Fig. 4 Standard operating route of VLCCs

classified in GWS sea areas

Fig. 3 World map of plotted AIS data of LR and
Aframax oil tankers

Table 2 Relative frequency of navigation time corresponding to each sea area
specified in the GWS (%) for VLCCs

Area Frequency | Area Frequency | Area Frequency | Area Frequency
1 0.00 28 1.43 55 0.11 82 0.00
2 0.00 29 1.78 56 1.18 83 0.05
3 0.00 30 0.29 57 0.27 84 1.66
4 0.00 31 0.09 58 1.63 85 3.13
5 0.01 32 0.87 59 0.48 86 0.00
6 0.12 33 0.35 60 4.77 87 0.36
7 0.15 34 0.12 61 12.19 88 0.16
8 0.00 35 0.05 62 6.86 89 0.50
9 0.01 36 0.49 63 0.02 90 3.54
10 0.02 37 1.62 64 0.05 91 0.46
11 0.24 38 6.01 65 0.01 92 0.00
12 0.00 39 9.39 66 0.75 93 0.00
13 0.13 40 1.85 67 1.59 94 0.00
14 0.25 41 2.90 68 1.43 95 0.06
15 0.04 42 0.31 69 1.06 96 0.06
16 0.31 43 0.13 70 1.28 97 0.03
17 0.24 44 0.10 71 0.00 98 0.02
18 0.01 45 0.07 72 0.00 99 0.00
19 0.03 46 0.19 73 0.05 100 0.00
20 0.08 47 1.67 74 1.15 101 0.00
21 0.33 48 0.49 75 2.52 102 0.00
22 1.66 49 0.08 76 4.63 103 0.09
23 0.01 50 8.87 77 0.21 104 0.01
24 0.19 51 0.23 78 0.27 105 2.30
25 0.82 52 0.08 79 0.00

26 0.29 53 0.05 80 0.00

27 0.60 54 0.00 81 0.00
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Table 3 Wave scatter table for the standard
operating route of VLCCs
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Table 4 Wave scatter table of North Atlantic
wave environment specified in IACS Rec. No.34
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Table 5 Result of examination 1

Location no n

Inner Bottom Plate at midship

(Connection of Hopper plate and Floor) 0.193

0.578

where, np* modification factor of fatigue damage

7- modification factor of design load
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Table 6 Result of examination 2

Load component

(at the midpoint of the midship hold) mw 4
Hull girder vertical bending moment 0.182 0.567
Hull girder horizontal bending moment 0.241 0.622
Hydrodynamic pressure at draught position 0.228 0.611
Hydrodynamic pressure at centre of ship bottom 0.193 0.578
Hydrodynamic pressure at ship bilge 0.225 0.608

where, np- modification factor of fatigue damage
7° modification factor of design load
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Table 7 Result of examination 3

1D 7

Regardless of load component and location  0.249 0.629

where, np- modification factor of fatigue damage

7- modification factor of design load
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Fig. 5 Comparison result of each examination
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Fig. 6 Histogram of load modification factors for
VLCCs

Fig. 7 Operating routes of the top 10 VLCCs
with the largest load modification factors

Fig. 8 Operating routes of the top 14 VLCCs
whose load modification factors are less than or
equal to the mean value plus twice the standard

deviation
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Table 8 Operating ratios of each ship

Ships Operating Ratio
Average 90 %
Baby BC, Handy BC 0.50 0.67
Handymax BC 0.54 0.68
geénamax BC, Overpanamax 0.58 0.75
Capesize BC 0.69 0.81
Feeder CT 0.56 0.74
Panamax CT 0.72 0.85
Overpanamax CT 0.72 0.84
Mega CT 0.67 0.79
General cargo ship 0.39 0.57
LNG carrier 0.70 0.93
LPG carrier 0.51 0.73
Multipurpose ship 0.48 0.64
Small OT, Middle range OT  0.48 0.73
Large range OT, Aframax OT 0.58 0.76
Suezmax OT 0.65 0.84
VLCC, ULCC 0.66 0.90
Chemical tanker 0.50 0.68
Ore carrier 0.70 0.88
Reefer 0.60 0.85
Vehicle carrier 0.70 0.83
Wood chip carrier 0.64 0.85
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