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Table 1.1 Location of collision bulkhead required by SOLAS

Location

Passenger Ships
(Ch. TI-1, Reg. 10)

Cargo Ships
(Ch. TI-1, Reg. 11)

not less than yl from F.P.

0.05 Lr m

0.05 Lr or 10m whichever is less

not more than y2 from F.P.

0.05 Lr+3m

0.08 Lr

% Notes

Where a bulbous bow extends forward of the forward perpendicular (F.P.), the distance
stipulated in the table shall be measures from a point either, whichever is least :

1. at the mid-length of such extension; or

2. at a distance 1.5% of the length of the ship forward of the F.P.; or

3. at a distance 3 m forward of the F.P.
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Fig. 2.4 Comparison of experiment and simulation results

Table 2.1 Material property (ASTM AS569)

Young's modulus 3.00x107 ksi

Density 7.43x10-4 1by - s/in”

Poisson's ratio 0.3

Yield stress 41.00 ksi

Ultimate stress 50.00 ksi

Failure strain 0.25

Dynamic yield stress constants D =4045s", p=>5

Plastic strain 0.000 | 0.013 | 0.198 | 0.300
Stress (ksi) 41.0 412 50.0 50.0
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Table 2.2 Error measure factors of simulation results

Resisting forces | Magnitude error factor | Phase error factor | Comprehensive error factor
Horizontal - 0.0127 0.0485 0.0444
Vertical - 0.0156 0.0479 0.0446
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(b) 6,800 TEU containership

Fig. 3.2 Total configurations of finite element meshes

(a) to swash BHD of struck VLCC (b) to transverse BHD of struck VLCC

Fig. 3.3 Configurations of finite element mesh of 300,000 DWT VLCC



(a) to swash BHD of struck VLCC (b) to transverse BHD of struck VLCC

Fig. 3.4 Configurations of finite element mesh of 6,800 TEU containership

(a) to full rigid struck (b) to partial rigid struck
Fig. 3.5 Configurations of finite element mesh of 300,000 DWT VLCC

(a) to full rigid struck (b) to partial rigid struck

Fig. 3.6 Configurations of finite element mesh of 6,800 TEU containership



Table 3.1 Finite element numbers of each ship models

300,000 DWT VLCC 6,800 TEU containership
Type
P Striking ship | Struck ship | Striking ship | Struck ship
Element (VLCC) (VLCO) (containership) (VLCC)
Nodes 19,500 26,700 14,800 14,800
Def;’:;;a‘ble Shell elements | 27,700 38,700 16,400 13,800
Beam clements 6,400 12,800 3,200 6,900
Rigid Nodes 14,700 6,400 6,700 6,700
body Shell elements 15,300 6,200 7,400 6,400
Table 3.2 Material properties
. High tensile High tensile
p Mild steel
roperty ild stee stecl(AH32) stecl(AH36)
Young's 2.06x10° MPa 2.06x10° MPa 2.06x10° MPa
modulus
Density 7.83x10” ton/mm’ 7.83x10” ton/mm’ 7.83x10” ton/mm’
Yield stress 235.0 MPa 315.0 MPa 355.0 MPa
Ultimate stress 445.0 MPa 525.0 MPa 565.0 MPa
Failure strain 0.2 0.2 0.2
Dynamic yiel
ynamic yield 1 5404 1 p =5 | D=320005", p=5 |D=320005" p =5
stress constants
Plastic strain 0.000]0.0158|0.198(0.300{0.000[0.01580.198(0.300]0.000[0.0158(0.198/0.300
Stress (MPa) 235.0| 245.0 [445.01445.0{315.0| 325.0 [525.0(525.0/355.0| 365.0 |565.0/565.0
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Table 3.3 Collision scenarios of VLCC

Collision [Bow structure [Collision BHD| Struck | Collision velocity
.. Case
type strength position type (knots)
11.25 VROS-11.25
Swash
o 15.00 VROS-15.00
Rigid bow
11.25 VROT-11.25
Transverse
Original 15.00 VROT-15.00
position 11.25 VSOS-11.25
Swash
15.00 VSO0S-15.00
Soft bow
11.25 VSOT-11.25
ship Transverse
15.00 VSOT-15.00
to
. 11.25 VRMS-11.25
ship Swash
o 15.00 VRMS-15.00
Rigid bow
11.25 VRMT-11.25
Transverse
Minimum 15.00 VRMT-15.00
position 11.25 VSMS-11.25
Swash
15.00 VSMS-15.00
Soft bow
11.25 VSMT-11.25
Transverse
15.00 VSMT-15.00
) 11.25 VROP-11.25
Partial
B 15.00 VROP-15.00
Rigid bow
Full 11.25 VROF-11.25
Original u
8! 15.00 VROF-15.00
position
Partial 11.25 VSOP-11.25
Soft bow 11.25 VSOF-11.25
Full
ship 15.00 VSOF-15.00
to ) 7.50 VRMP- 7.50
.. Partial
rigid body 11.25 VRMP-11.25
Rigid bow
7.50 VRMF- 7.50
Full
Minimum 11.25 VRMF-11.25
position ) 7.50 VSMP- 7.50
Partial
11.25 VSMP-11.25
Soft bow
7.50 VSMEF- 7.50
Full
11.25 VSMF-11.25
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Table 3.4 Collision scenarios of containership

Collision Collision BHD Struck Collision velocity
.. Case
type position type (knots)
18.75 COS-18.75
Swash
o 25.00 COS-25.00
Original 12.50 COT-12.50
posttion
Transverse 18.75 COT-18.75
ship 25.00 COT-25.00
to 12.50 CMS-12.50
ship Swash 18.75 CMS-18.75
Minimum 25.00 CMS-25.00
position 12.50 CMT-12.50
Transverse 18.75 CMT-18.75
25.00 CMT-25.00
) 12.50 COP-12.50
Partial
Original 18.75 COP-18.75
position 12.50 COF-12.50
shi Full
P 18.75 COF-18.75
to
.. 12.50 CMP-12.50
rigid body Partial
Minimum 18.75 CMP-18.75
position 12.50 CMF-12.50
Full
18.75 CMF-18.75
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Table 4.1 Deformation and rupture status of ship-to-ship scenarios of VLCC

Collision BHD Side longitudinal BHD
Case PenetrationRez(r)nuéld Deformation (Rupture Deformation (Rupture
(m) (sec) state)(m) state)(m)
Upper | Center | Lower Depth Width
VROS-11.25] 19.82 6.09 000 |C, 0.10| 0.00 22.6 12.6
VROS-15.00] 29.48 6.80 | S, 0.60 | 0.00 S, 0.60 28.0 29.0
VROT-11.25| 15.85 4.86 000 |C, 020 0.00 1.0 2.8
VROT-15.00] 22.46 5.03 000 |C,090 | 0.00 3.0 3.6
VSOS-11.25| 20.39 6.49 0.00 0.00 0.00 18.0 5.0
VSOS-15.00| 30.42 724 |S, 0.60 | 0.00 S, 0.60 28.0 16.0
vsoT-1125| 1762 | 502 | 000 |c 070| 000 | *! Transveéij BHD side
VSOT-15.00] 23.78 511 | C,060|C, 1.30 | 0.00 13.0 34
VRMS-11.25] 19.78 6.03 | S, 0.80 | 0.00 S, 0.80 24.0 11.2
VRMS-15.00] 28.03 624 | S, 1.23 0.00 S, 1.23 28.0 40.0
VRMT-11.25] 15.24 445 | C, 0.50 | C, 1.00 | 0.00 1.0 2.8
VRMT-15.00] 21.85 507 |S, 240 | S, 240 | S, 2.40 22.0 4.0
VSMS-11.25] 19.19 598 | S, 1.50 | C, 1.00 | S, 1.50 23.0 7.0
VSMS-15.00 28.70 7.04 |S, 340 | C, 3.00 | S, 3.40 28.0 15.0
VSMT-1125| 1726 | 524 | 000 |c 080| 000 | & Transveéij BHD side
VSMT-15.00f 22.60 513 |S, 3.00 | C, 320 S, 3.20 27.0 | 5.6
C : center area, S : near side shell, W : whole area

Table 4.2 Deformation and rupture status of ship-to-rigid scenarios of VLCC

Penctration| Rebound Collision‘BHD in striking ship
Case (m) time Deformation (Rupture state)(m)
(sec) Upper Center Lower
VROP-11.25 19.53 5.62 0.00 C, 3.30 C, 3.30
VROP-15.00 28.81 6.81 0.00 C, 12.80 C, 12.80
VROF-11.25 16.22 5.00 C, 1.50 W, 2.40 C, 1.00
VROF-15.00 24.12 6.10 C, 5.00 W, 9.80 C, 3.00
VSOP-11.25 21.20 5.84 0.00 W, 5.00 C, 3.50
VSOF-11.25 17.70 5.16 C, 2.00 W, 3.00 C, 1.50
VSOF-15.00 22.70 5.05 C, 6.00 W, 7.40 C, 2.00
VRMP- 7.50 12.33 5.24 0.00 0.00 C, 1.25
VRMP-11.25 19.00 5.95 0.00 W, 8.70 C, 2.50
VRMF- 7.50 9.77 422 C, 0.50 C, 0.20 0.00
VRMEF-11.25 15.77 4.97 C, 3.50 W, 6.00 C, 5.00
VSMP- 7.50 12.84 5.18 0.00 C, 2.20 0.00
VSMP-11.25 19.64 5.79 0.00 W, 9.30 W, 8.00
VSMEF- 7.50 10.47 4.58 C, 0.20 C, 0.90 0.00
VSMF-11.25 16.58 5.01 C, 3.20 W, 6.80 C, 3.20
C : center area, W : whole area
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Table 4.3 Absorbed energy of striking ship in ship-to-ship scenarios of VLCC

Absorbed energy

Member absorbed energy in striking ship (MN-m)

(MN-m)
cose Striking | Struck |Total| Shell I(Jipper Primary | Collision Stiffener
eck member BHD

'VROS-11.25[ 567(20)[2,302(80)[2,869[239.6(42.3) 64.7(11.4) 55.9( 9.8) 0.23(0.0) 52.0( 9.2
VROS-15.00] 955(27)2,502(73)|3,457304.2(31.8) 326)1( 38.4( 4.0) 1.12(0.1)141.7(14.8
[VROT-11.25]1,365(47)|1,545(53), 2,910 }412.6(30.3) ;13)7( 194.4(14.2) 0.42(0.0)143.5(10.5
VROT-15.00[1,960(52)(1,745(48)| 3,705 [547.5(27.9) 1270?( 294.2(15.0) 14.34(0.7)186.2( 9.5
VSOS-11.25] 927(41)|1,337(59)| 2,264 [295.8(31.9) 384;-( 97.4(10.5) 0.17(0.0)y 91.5( 9.9
VSOS-15.00]1,311(34)12,236(66)| 3,547 [418.3(31.9) 1251'?( 133.9(10.1)) 6.05(0.5)140.8(10.7
VSOT-11.25]1,431(66)| 753(34)|2,184}454.8(31.8) 2715( 142.4( 9.9) 4.70(0.3)140.6( 9.8
VSOT-15.00]1,758(48)|1,890(52) 3,6481543.6(30.9) 1(6)81'5)( 178.2(10.1) 20.56(1.2)175.4(10.0
[VRMS-11.25( 580(20)(2,304(80)2,884|182.3(31.4) 57.8(10.0) 58.9(10.2) 9.94(1.7) 61.5(10.6
[VRMS-15.00{1,112(22)[3,892(78)| 5004 [341.9(30.8) 299)1( 100.1( 9.0y 25.38(2.3)129.5(11.6
VRM;F—II.Z 1,184(41)(1,733(59)(2,917[374.8(31.6) 210)1( 162.3(13.7) 14.51(1.2)122.4(10.3
VRM;"—IS.O 1,499(43)(1,989(57)| 3,488 [466.7(41.9) 279)6( 144.3( 9.6) 45.54(3.0)162.7(10.9
[VSMS-11.25( 932(42) |1,291(58)|2,214[314.7(33.7) ;51;-( 82.9( 8.9) 25.55(2.7)113.4(12.2
VSMS-15.00(1,458(40)[2,149(60)( 3,607 [476.7(32.7) 1?4)1( 99.2( 6.8) 66.59(4.5)184.3(12.6
[VSMT-11.25|1,895(59)(1,335(41)|3,230[333.4(17.6) ;17)7( 86.5( 4.5) 7.30(0.4) 85.3( 4.5
[VSMT-15.00[1,620(45)[1,968(55)|3,588|517.2(31.9) 1(6)77‘;3( 108.9( 6.7) 76.46(4.7)178.5(11.0

Table 4.4 Member absorbed energy of struck ship in ship-to-ship scenarios of VLCC
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Member absorbed energy in struck ship (MN-m)

Case

Shell

Upper
deck

Side
long.
BHD

Stringer

Web
frame

Stiffener

Swash
BHD

transverse
BHD

[VROS-11.25

083.7(12.4)

155.0( 6.7)

197.6( 8.6)

1389( 6.0)

167.0( 7.3)

331.8(14.4)

83.6(3.8)

0.9(0.0)

[VROS-15.00

300.7(12.3)

417.7(16.7)

303.0(12.1

151.8( 6.0)

418.2(16.7)

515.3(20.6),

50.6(2.0)

2.0(0.1)

[VROT-11.25

214.4(13.9)

54.1( 3.5)

71.7( 47)

84.7( 5.5)

121.4( 7.8)

185.6(12.0)

2.7(0.2)

42(2.9)

[VROT-15.00

338.2(19.3)

134.2( 7.7)

62.3( 3.6)

192.3(11.0)

218.9(12.6)

403.7(23.1)

20.7(12)

86.5(4.9)

VSOS-11.25

273.0(20.4)

158.5(11.8),

186.5(13.9

155.1(11.6)

185.4(13.8),

256.8(19.2)

457(3.4)

7.0(0.5)

VSOS-15.00

300.9(17.4)

316.3(14.1)

318.5(14.2

201.3( 9.0)

304.7(13.6),

438.4(19.6),

86.6(3.8)

11.700.5)

VSOT-11.25

02.4(26.8)

46.1( 6.1)

45.0( 6.0)

74.7(10.0)

100.6(13.4),

159.3(21.1)

12(02)

44.8(6.0)

'VSOT-15.00

374.8(19.8)

151.0( 8.0)

252.0(13.3

191.6(10.2)

215.4(11.4)

460.3(24.4)

249(13)

99.8(5.3)

[VRMS-11.25

294.4(12.8)

174.1( 7.6)

207.3( 9.0

146.1( 6.3)

176.7( 7.7)

347.6(15.1)

81.83.6)

0.8(0.0)

[VRMS-15.00

432.0(11.1)

231.2( 5.9)

205.4( 7.6)

180.7( 4.7)

200.1( 7.5)

563.5(14.5),

148.8(3.8)

1.4(0.0)

VRMT-11.2
5

243.8(14.1)

61.6( 3.6)

9.6( 5.7)

116.5( 6.7)

246.4(14.2)

254.0(14.7)

34(0.1)

53.53.1)

VRMT-15.0
0

373.8(18.8)

167.8( 8:4)

263.2(13.2

212.3(10.7)

204.4(11.3)

516.8(26.0)

15.1(0.8)

110.9(5.6)

[VSMS-11.25

265.3(20.5),

115.6( 89)

166.4(12.9

147.3(11.4)

200.2(15.5),

281.4(21.8)

435(3.4)

3.3(0.0)

[VSMS-15.00

420.3(19.5),

257.6(12.0)

278.3(12.9

178.4( 8.3)

187.2( 8.7)

463.6(21.8)

543(2.5)

8.2(0.4)

VSMT-11.25

02.9(22.6)

110.8( 8.3)

147.2(11.0)

170.8(12.8)

176.9(13.2)

263.5(19.7)

1.9(0.1)

105.5(7.9)

[VSMT-15.00)

390.8(19.9)

171.4( 8.7)

245.3(12.4

200.1(10.2)]

218.7(11.1)

509.5(25.9),

152(0.8)

110.8(5.6)
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Table 4.5 Absorbed energy of striking ship in ship-to-rigid scenarios of VLCC

Total absorbed Member absorbed energy in_striking gl}ip (MN-m)

Case energy (MN-m) Shell Upper deck Elréﬁ%g C(});lfllslljon Stiffener
VROP-11.25 2,839 490.1(17.3) | 0.4( 0.0)]232.5( 8.2)| 62.71(2.2)|188.7( 6.6)
VROP-15.00 5,020 807.6(16.1) | 1.7( 0.0)|264.8( 5.3) | 168.54(3.3) | 453.3(_9.0)
VROF-11.25 2,871 498.8(17.3) | 116.2( 4.0)|252.3( 8.8)| 20.75(0.7)]182.3( 6.3)
VROF-15.00 5,028 678.2(13.5) [151.8( 3.0)|335.8( 6.7)| 128.42(2.5) | 443.2(_8.8)
VSOP-11.25 2,873 342.0(11.9) |  0.5( 0.0)| 185.5( 6.4)|117.25(4.1) | 210.7( 7.3)
VSOF-11.25 2,866 568.7(19.8) [ 129.7( 4.5)[211.3( 7.4)| 30.14(1.0)|204.8( 7.1)
VSOF-15.00 4,973 775.1(15.6) [202.8( 4.1)]230.2( 4.6)205.10(4.1) | 388.3(_7.8)
VRMP- 7.50 1,304 230.5(17.7)| _0.1( 0.0)| 99.4( 7.6)| 15.13(1.2)| 73.9( 5.7)
VRMP-11.25 2,886 469.0(16.3) | 2.5( 0.1)] 138.7( 4.8)|106.90(3.7) | 336.9(11.7)
VRMEF- 7.50 1,923 250.7(13.0) | 55.0( 2.9)|115.7( 6.0)| 5.57(0.3)| 72.0( 3.7)
VRMEF-11.25 2,898 490.5(17.0) [131.4( 4.5)| 187.3( 6.5)| 96.75(3.3)|258.5(_8.9)
VSMP- 7.50 1,309 239.3(18.3)| 0.1( 0.0)| 82.4( 6.3)| 39.31(3.0)| 76.4( 5.8)
VSMP-11.25 2,910 476.2(16.9)| 3.2( 0.1)[112.0( 3.8)|121.33(4.2)|254.5( 8.7)
VSMEF- 7.50 1,301 276.3(21.2) | 64.2( 4.9)| 72.9( 5.6)| 12.10(1.0)| 68.6( 5.3)
VSMF-11.25 2.890 468.4(16.8) [136.9( 4.7)| 114.9( 4.0)| 105.40(3.6) | 233.2(_8.1)

Table 4.6 Deformation and rupture status of ship-to-ship scenarios of containership

Collision BHD Side longitudinal BHD
Case PenetrationRe?i(r)Illléld Deformation (Rupture Deformation (Rupture
(m) (sec) state)(m) state)(m)
Upper | Center | Lower Depth Width
COS-18.75 | 25.71 5.48 0.00 0.00 0.00 15.0 5.0
COS-25.00 | 42.26 6.18 0.00 0.00 | C, 0.10 24.0 41.0
COT-12.50 | 13.89 3.69 0.00 0.00 0.00 0.3, Transverse BHD side U
COT-18.75 | 22.61 400 | C, 096 | C, 0.02 | W, 143 ]1.6, Transverse BHD side U
COT-25.00 | 31.19 450 | W, 879 W, 5.65| W, 8.29]2.5, Transverse BHD side U
CMS-12.50 | 14.16 3.83 0.00 0.00 |C, 0.24 2.0, Swash BHD CU
CMS-18.75 | 23.59 438 |W, 3.04|W, 063 | W, 7.27 4.0 6.1
CMS-25.00 | 41.59 598 |W,235|C, 0.10 | W, 7.37 24.0 41.0
CMT-12.50 | 13.79 368 | C,0.02 | 0.00 |C, 0.37]0.4, Transverse BHD side U
CMT-18.75 | 21.98 393 |W, 524 | W, 421 | W, 826]1.7, Transverse BHD side U
CMT-25.00 | 30.12 416 | W, 944 | W, 9.00 | W, 15.1 10.2 30.7
C : center area, W : whole area

Table 4.7 Deformation and rupture status of ship-to-rigid scenarios of containership

. | Rebound Collision BHD in striking ship
Penetration . .
Case time Deformation (Rupture state)(m)
(m) (sec) Upper Center Lower
COP-12.50 22.16 6.01 0.00 C, 0.81 C, 2.19
COP-18.75 36.00 - 0.00 W, 10.00 W, 10.00
COF-12.50 14.04 3.63 0.00 0.00 0.00
COEF-18.75 22.55 4.01 W, 3.61 W, 1.66 C, 1.93
CMP-12.50 22.38 6.05 0.00 W, 8.08 W, 8.55
CMP-18.75 26.00 - 0.00 W, 10.00 W, 10.00
CMF-12.50 13.96 3.59 C, 0.83 C, 0.21 C, 0.49
CMF-18.75 22.21 4.01 W, 9.91 W, 7.50 W, 8.87
C : center area, W : whole area
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Table 4.8 Absorbed energy of striking ship in ship-to-ship scenarios of containership

Case

Absorbed energy (MN-m)

Member absorbed energy in striking ship (MN-m)

Striking

Struck

Total

Shell

Upper
deck

Primary
member

Collision

BHD Stiffener

COS-18.75

1,765(66)

905(34)

2,670

317.7(18.0)

68.1(3.9)

65.5(3.7)

0.02(0.0)| 87.2(4.9)

COS-25.00

2,638(57)

1,967(43)

4,605

349.9(13.3)

96.0(3.6)

74.5(2.8)

0.81(0.0)| 85.1(3.3)

COT-12.50

1,055(90)

111(10)

1,166

246.5(23.4)

61.5(5.8)

50.9(5.8)

0.00(0.0)| 68.8(6.7)

COT-18.75

2,217(85)

383(15)

2,600

398.4(18.0)

125.0(5.6)

100.0(4.5)

11.10(0.5) 92.0(4.3)

COT-25.00

3,780(85)

656(15)

4,436

582.2(15.4)

151.8(4.0)

190.2(5.0)

49.34(1.3)1110.3(3.0)

CMS-12.50

887(75)

290(25)

1,177

221.2(24.9)

42.2(4.8)

41.8(4.7)

0.30(0.0)| 45.6(5.1)

CMS-18.75

1,743(67)

864(33)

2,607

300.8(17.3)

87.3(5.0)

72.9(4.2)

23.04(1.3) 91.1(5.1)

CMS-25.00

2,569(55)

2,099(45)

4,668

356.3(13.9)

87.0(3.4)

78.8(3.1)

23.91(0.9) 86.2(3.3)

CMT-12.50

1,050(90)

119(10)

1,169

255.3(24.3)

60.0(.7)

49.8(4.7)

2.22(0.2)] 75.8(7.2)

CMT-18.75

2,187(86)

353(24)

2,540

399.9(18.3)

101.9(4.7)

84.6(3.9)

32.04(1.5)101.3(4.6)

CMT-25.00

3,542(79)

915(21)

4,457

509.3(14.4)

129.8(3.7)

139.2(3.9)

34.60(1.0) 98.1(2.7)

Table 4.9 Member absorbed energy of striking ship in ship-to-ship scenarios of containership

Member absorbed energy in struck ship (MN-m)

s | shen | Upper |Side long | oy eb frame) Stiffoner | Shsh | transvarse
COS-18.75[305.9(33.8)| 68.3( 7.5)|170.6(18.9)| 99.3(11.0)[126.1(13.9)[153.6(17.0)| 57.8( 6.4)
C0S-25.00(306.4(15.6)[231.3(11.8)236.8(12.0)|114.8(17.2)[223.3(11.4)[378.4(19.2)166.1(_8.4)
COT-12.50] 31.5(28.4)] 0.3( 0.3)] 0.2( 0.2)| 7.7( 6.9)| 11.2(10.1)] 29.6(26.7) 20.6(18.6)
COT-18.75]143.0(37.3)] 12.0( 3.1)| 19.9( 5.2)| 34.2( 8.9)| 55.3(14.4) 84.1(22.0) 26.9( 7.0)
COT-25.00[253.6(38.6)] 39.3( 6.0)| 65.5(10.0) 65.0( 9.9)| 97.2(14.8)152.3(23.2) 27.6( 4.2)
CMS-12.50] 86.029.7)] 0.1( 0.0)] 14.7( 5.1)] 28.2( 9.7)| 38.1(13.1)| 51.0(17.6)| 33.2(11.4)
CMS-18.75|218.9(25.3)| 62.9( 7.3)[125.0(14.5)] 80.8( 9.4)|101.9(11.8)[158.2(18.3)| 41.8( 4.8)
CMS-25.00[291.3(13.9)[261.6(12.5)[250.3(11.9)127.8(_6.1)[230.7(11.0)[372.1(17.7)[167.5( 8.0)
CMT-12.50 30.8(25.9)] 0.7( 0.6)] 0.9( 0.8)] 7.3( 6.1)| 16.7(14.0)| 29.5(24.8) 23.2(19.5)
(CMT-18.75147.7(41.8)| 14.6( 4.1) 20.2( 5.7)| 34.2( 9.7)| 52.2(14.7)| 87.6(24.8) 22.7( 64)
(CMT-25.00218.0(23.8)] 79.9( 8.7)[139.0(15.2)| 75.7( 8.3)| 99.9(10.9)221.1(24.2) 21.8( 2.4)

Table 4.10 Absorbed energy of striking ship in ship-to-rigid scenarios of containership

Cace Total absorbed Member absorbed enerig)}rfi I;r; r;tnklr;jgo lsl?slﬁ) n(MN_n.l)

energy (MN-m)|  Shell Upper deck| w2 BHD Stiffener
COP-18.75 1,200 257.6(21.5) 0.7(0.1) | 72.9(6.1) | 10.14(0.8) | 49.9(4.2)
COP-25.00 1,446 188.2(13.0) 1.4(0.1) | 46.8(3.2) | 15.27(1.1) | 50.3(3.5)
COF-18.75 1,167 437.4(37.5) | 744(64) | 61.5(5.3) | 0.00(0.0) | 76.3(6.5)
COF-25.00 2,600 506.3(19.5) | 118.3(4.6) | 85.2(3.3) | 35.02(1.3) | 110.3(4.2)
CMP-18.75 1,196 241.4(20.2) 0.7(0.1) | 66.9(5.6) | 12.74(1.1) | 47.8(4.0)
CMP-25.00 1,297 262.9(20.3) 2.5(0.2) | 80.6(6.2) | 12.82(1.0) | 50.1(3.9)
CMF-18.75 1,171 297.8(25.4) | 73.6(6.3) | 60.0(5.1) | 8.51(0.7) | 80.0(6.8)
CMF-25.00 2,599 509.6(19.6) | 137.3(5.3) | 131.8(5.1) | 31.55(1.2) | 104.9(4.0)
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(c¢) Collision BHD

(b) Half of striking bow

w/ primary members

(a) Bow and side struck

L
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(d) Collision BHD (e) Side struck (f) Side longitudinal
BHD

Fig. A.1 Damage configuration and plastic strain distribution of Case VROS-11.25
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(c) Side
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longitudinal BHD

(a) Bow and side struck

Fig. A.2 Damage configuration and plastic strain distribution of Case VROS-15.00
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(a) Bow and side struck (b) Collision BHD (c) Side
longitudinal BHD

Fig. A.3 Damage configuration and plastic strain distribution of Case VROT-11.25
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(c) Side

(b) Collision BHD

longitudinal BHD

(a) Bow and side struck

Fig. A4 Damage configuration and plastic strain distribution of Case VROT-15.00
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(b) Collision BHD (c) Side

(a) Bow and side struck
longitudinal BHD

Fig. A.5 Damage configuration and plastic strain distribution of Case VSOS-11.25
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(a) Bow and side struck (b) Collision BHD (c) Side
longitudinal BHD

Fig. A.6 Damage configuration and plastic strain distribution of Case VSOS-15.00
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(a) Bow and side struck (b) Collision BHD (c) Side
longitudinal BHD

Fig. A.7 Damage configuration and plastic strain distribution of Case VSOT-11.25
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(c) Side
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(b) Collision BHD

longitudinal BHD

Fig. A.8 Damage configuration and plastic strain distribution of Case VSOT-15.00

(a) Bow and side struck
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(a) Bow and side struck (b) Collision BHD (c) Side
longitudinal BHD

Fig. A.9 Damage configuration and plastic strain distribution of Case VRMS-11.25
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(c) Side

Jap

(b) Collision BHD
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longitudinal BHD

Fig. A.10 Damage configuration and plastic strain distribution of Case VRMS-15.00

(a) Bow and side struck



(a) Bow and side struck (b) Collision BHD (c) Side
longitudinal BHD

Fig. A.11 Damage configuration and plastic strain distribution of Case VRMT-11.25
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(b) Collision BHD (c) Side

(a) Bow and side struck
longitudinal BHD

Fig. A.12 Damage configuration and plastic strain distribution of Case VRMT-15.00
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(a) Bow and side struck (b) Half of striking bow (c) Collision BHD
w/ primary members

Fig. A.13 Damage configuration and plastic strain distribution of Case VSMS-11.25

(continued)
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(d) Collision BHD (e) Side struck (f) Side longitudinal
BHD

Fig. A.13 Damage configuration and plastic strain distribution of Case VSMS-11.25
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(b) Collision BHD (c) Side

(a) Bow and side struck
longitudinal BHD

Fig. A.14 Damage configuration and plastic strain distribution of Case VSMS-15.00
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(a) Bow and side struck (b) Collision BHD (c) Side
longitudinal BHD

Fig. A.15 Damage configuration and plastic strain distribution of Case VSMT-11.25
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(a) Bow and side struck (b) Collision BHD (c) Side
longitudinal BHD

Fig. A.16 Damage configuration and plastic strain distribution of Case VSMT-15.00
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Fig. A.17 Absorbed energy responses of Case VROS-11.25
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Fig. A.18 Absorbed energy responses of Case VROS-15.00
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Fig. A.19 Absorbed energy responses of Case VROT-11.25
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Fig. A.20 Absorbed energy responses of Case VROT-15.00
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Fig. A.22 Absorbed energy responses of Case VSOS-15.00
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Fig. A.24 Absorbed energy responses of Case VSOT-15.00
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Fig. A.26 Absorbed energy responses of Case VRMS-15.00
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Fig. A.28 Absorbed energy responses of Case VRMT-15.00
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Fig. A.30 Absorbed energy responses of Case VSMS-15.00
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Fig. A.31 Absorbed energy responses of Case VSMT-11.25
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Fig. A.32 Absorbed energy responses of Case VSMT-15.00
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(a) Bow structure (b) Collision BHD

Fig. B.1 Damage configuration and plastic strain distribution of Case VROP-11.25
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(a) Bow structure (b) Collision BHD

Fig. B.2 Damage configuration and plastic strain distribution of Case VROP-15.00
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(a) Bow structure

(b) Collision BHD

Fig. B.3 Damage configuration and plastic strain distribution of Case VROF-11.25

(a) Bow structure

— S
T T

T

(b) Collision BHD

Fig. B.4 Damage configuration and plastic strain distribution of Case VROF-15.00
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(b) Half Collision BHD w/ primary members
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Fig. B.5 Damage configuration and plastic strain distribution of Case VSOP-11.25
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(b) Collision BHD

(a) Bow structure

Fig. B.6 Damage configuration and plastic strain distribution of Case VSOF-11.25
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(a) Bow structure (b) Collision BHD

Fig. B.7 Damage configuration and plastic strain distribution of Case VSOF-15.00

(a) Bow structure (b) Collision BHD

Fig. B.8 Damage configuration and plastic strain distribution of Case VRMP-7.50
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(a) Bow structure (b) Collision BHD
Fig. B.9 Damage configuration and plastic strain distribution of Case VRMP-11.25
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(a) Bow structure (b) Collision BHD

Fig. B.10 Damage configuration and plastic strain distribution of Case VRMF-7.50
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(a) Bow structure (b) Half Collision BHD w/ primary members (b) Collision
BHD

Fig. B.11 Damage configuration and plastic strain distribution of Case VRMF-11.25
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(a) Bow structure (b) Collision BHD

Fig. B.12 Damage configuration and plastic strain distribution of Case VSMP-7.50
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(a) Bow structure (b) Collision BHD

Fig. B.13 Damage configuration and plastic strain distribution of Case VSMP-11.25

(a) Bow structure (b) Collision BHD

Fig. B.14 Damage configuration and plastic strain distribution of Case VSMF-7.50
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Fig. B.18 Absorbed energy responses of Case VROF-11.25
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Fig. B.22 Absorbed energy responses of Case VSOF-15.00
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Fig. B.24 Absorbed energy responses of Case VRMP-11.25
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Fig. B.26 Absorbed energy responses of Case VRMF-11.25
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Fig. B.28 Absorbed energy responses of Case VSMP-11.25
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Fig. B.30 Absorbed energy responses of Case VSMF-11.25
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(c¢) Collision BHD

(b) Half of striking bow

(a) Bow and side struck
w/ primary members
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(d) Collision BHD

(e) Side struck
BHD

(f) Side longitudinal

Fig. C.1 Damage configuration and plastic strain distribution of Case COS-18.75
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(b) Collision BHD
longitudinal BHD

(a) Bow and side struck (c) Side

C.2 Damage configuration and plastic strain distribution of Case COS-25.00
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(a) Bow and side struck (b) Collision BHD (c) Side
longitudinal BHD

Fig. C.3 Damage configuration and plastic strain distribution of Case COT-12.50
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(a) Bow and side struck

longitudinal BHD

(b) Collision BHD

(c) Side

Fig. C.4 Damage configuration and plastic strain distribution of Case COT-18.75
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(b) Collision BHD (c) Side

(a) Bow and side struck
longitudinal BHD

Fig. C.5 Damage configuration and plastic strain distribution of Case COT-25.00
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(b) Collision BHD

(a) Bow and side struck
longitudinal BHD

(c) Side

Fig. C.6 Damage configuration and plastic strain distribution of Case CMS-12.50
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(b) Half of striking bow (c) Collision BHD

(a) Bow and side struck
w/ primary members

Fig. C.7 Damage configuration and plastic strain distribution of Case CMS-18.75

(continued)
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(e) Side struck (f) Side longitudinal

(d) Collision BHD

BHD

Fig. C.7 Damage configuration and plastic strain distribution of Case CMS-18.75

[
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(b) Collision BHD (c) Side

(a) Bow and side struck
longitudinal BHD

Fig. C.8 Damage configuration and plastic strain distribution of Case CMS-25.00
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(c) Side
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(b) Collision BHD
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longitudinal BHD

Fig. C.9 Damage configuration and plastic strain distribution of Case CMT-12.50

(a) Bow and side struck
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(a) Bow and side struck (b) Collision BHD (c) Side
longitudinal BHD

Fig. C.10 Damage configuration and plastic strain distribution of Case CMT-18.75
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Fig. C.11 Damage configuration and plastic strain distribution of Case CMT-25.00
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Fig. C.12 Absorbed energy responses of Case COS-18.75
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Fig. C.14 Absorbed energy responses of Case COT-12.50
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Fig. C.16 Absorbed energy responses of Case COT-25.00
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Fig. C.18 Absorbed energy responses of Case CMS-18.75

_98_



Absorbed Energy (MN-m)

Absorbed Energy (MN-m)

S000 T T T T T T T T T T T T T T T T 800 T T T T T T T T T T T T T T T
r Total 7] - 4
4000 [~ — - 4
I 7 600 [— -1
r ] T L .
- - =z - -
3000 [~ — £ - 4
L . >
r Striking ] 2 r 1
L J e Stiffener —
L 4 = F
2000 = Strouk —| £ 3 Shell ]
L ] 5 K i
- 4 3
L 4 < B T
L J 200 |- -
1000 — -1 o b
L ] B Upper Deck
o 4 B Primary member |
- 4 v Col. BHD
O T T o I I T T
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Time (sec) Time (sec)
500 A T T
“or Stiffener ]
E [ Web frame ]
z L 4
£ a0l Shell—
> 3 nside
E - <—Upper 4
fri - Side longi. BHD
o L
8 20| —
2 r Swash BHD 4
2 L 4
< L 4
100 [~ -
) e e ERRRNRRARE A s ns u
0 1 2 3 4 5 6 7
Time (sec)
(a) Total (b) Member in striking

Member in struck
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Fig. C.20 Absorbed energy responses of Case CMT-12.50
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Fig. C.22 Absorbed energy responses of Case CMT-25.00
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(a) Bow structure (b) Collision BHD

Fig. D.1 Damage configuration and plastic strain distribution of Case COP-12.50

o

f— ]
(a) Bow structure (b) Half Collision BHD w/ primary members (b) Collision
BHD

Fig. D.2 Damage configuration and plastic strain distribution of Case COP-18.75

- 104 -



(a) Bow structure (b) Collision BHD

Fig. D.3 Damage configuration and plastic strain distribution of Case COF-12.50

(a) Bow structure (b) Collision BHD

Fig. D.4 Damage configuration and plastic strain distribution of Case COF-18.75
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(a) Bow structure

Fig. D.5 Damage configuration and plastic strain distribution of Case CMP-12.50

(a) Bow structure

(b) Collision BHD

(b) Collision BHD

Fig. D.6 Damage configuration and plastic strain distribution of Case CMP-18.75
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Fig. D.7 Damage configuration and plastic strain distribution of Case CMF-12.50
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Fig. D.8 Damage configuration and plastic strain distribution of Case CMF-18.75
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Fig. D.10 Absorbed energy responses of Case COP-18.75

- 108 -



Absorbed Energy (MN-m)

Absorbed Energy (MN-m)

5000

4000

3000

2000

1000

5000

4000

3000

2000

1000

0

(T T T T T 800 A T T
I ] oo |- 3
[ ] _ F Shell ]
r ] £ wf 3
- - £ [ ]
N E 3 L ]
[ ] 2 300 [ -
w =3 -
L i 5 [ ]
L ] 3 [ ]
L ] 5 [ ]
L J 2 200 [~ -
[ i < [ ]
B Total b o ]
r T 100 — Stiffener =]
o - Upper Deck
L 4 L Primary member ]
B 1 Col. BHD 1
T 0
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Time (sec) Time (sec)
(a) Total (b) Member in striking
Fig. D.11 Absorbed energy responses of Case COF-12.50
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Fig. D.12 Absorbed energy responses of Case COF-18.75
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Fig. D.13 Absorbed energy responses of Case CMP-12.50
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Fig. D.14 Absorbed energy responses of Case CMP-18.75
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Fig. D.15 Absorbed energy responses of Case CMF-12.50
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Fig. D.16 Absorbed energy responses of Case CMF-18.75
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