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Collision Analysis of Longitudinal Bulkhead of Container/RO—RO Ship

with Trailer

Myung—Hun Kangw-ln Song'- Sang—Kyun Lee'- Sang—Kon Kim'- Sang—Rai cho’

Hyundai Mipo Dockyard Co,, Ltd.'
University of Ulsan®

Abstract

In this paper, a collision accident of a container/Ro—Ro ship was numerically analyzed, A container trailer collided with a longitudinal

bulkhead of the ship in the accident, which constituted a longitudinal wall of a heavy fuel oil tank, Due to the accident, the bulkhead

plate was ruptured and the heavy fuel oil spilled out of the tank, The detailed information regarding the collision velocity and the mass

of the trailer was not provided, Therefore, severalcollision accident scenarios were constructed based upon the arrangement of the

ramp way. Each collision accident scenario was analyzed to predict the extents of damage using a commercial numerical package,

ABAQUS, Based on the analysis results it is proposed how to minimize the extents of damage, Through the investigations performed in

this study it was found that the understandings of various damages due to collision accidents and the developments of structural design

guidance against collision are necessary for the betterment of Container/RO—RO ships' performance,
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Fig. 2 Damage due to Impact by Trailer and Container
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Table1 Material Properties adopted in Analysis Table 2 Colision Angle and Velocity (Vx / Vy) N
unit: m/s
Mass Young's isson's | field Vel sokmn | 30km/n | 4o0km/m | sOkm/h
Material Density Modulus Po::izn S Stress Deg.
(ton/mm®) |  (MPa) (MPa) e | 8471 | 8207/ | 10.942/ | 13.678/
-0.965 | -1.447 -1.929 -2 412
Mild Steel| 7.85E-09 | 206,000 03 304 15e | ©:366/ | 8.049/ 1 10.733/ | 13.416/
-1.438 | -2.157 -2.876 -3.595
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Table 3 Assumptions for F.E Analysis

ltem Assumption

Collision Vehicle Rigid Body

1) Trailer: 58 ton
2) Trailer: 5 ton, Container: 53 ton

Mass of Collision
Vehicle (ton)

Collision Velocity

(km/h) 20, 30, 40, 50

Collision Angle(®) 10, 15

Strain Hardening Linear Strain Hardening

Strain Rate Cowper—Symonds;
Hardening DCS=40.4, gCS=5
Rupture Strain 0.3

1) F1(Static:0.87, Kinetic:0.69)

Frictional Coefficient| o) o qiatic:0.74. Kinetic:0.57)

Thickness of
Longitudinal 12.0, 16.0, 20.0, 24.0
Bulkhead (mm)

sS04 dok=
22} Point 322 THE510] HE|5I20{ Point 1
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Table 4 Symbols for the Analysis Results 4.2.2 A=A 1)o|2 ST 15° o H=
Symbol Meaning Case F1.D15
F1, F2 Frictional Coefficient 1) Point 1(E2I22] 2% SE 9Jx))
D Collision Angle 2|t) 9l(Dis./t) o7 #9|(Dis./t)
v Collision Velocity 12 | 116 | 20 | t24 | t12 | t16 | t20 | t24
t Plate Thickness of Longi. BHD V20 | 9.98|7.29|5.83|5.13 [8.10 | 5.85 | 4.67 | 4.13
V30 [ 14.6]10.8[8.48|6.92 | 12.8|9.32 | 7.33 | 5.92
4.2 B oM Z1} V40 | 18.6[13.5[10.7 | 8.87 [ 16.9 | 12.2| 9.66 | 7.94
V50 [21.6]15.8[12.4]10.3 | 20.1 | 14.5|11.4 | 9.36

4.2 1 oA I=A 1)o| SEZ5IF10° 2 A%
Case F1_D10 2) Point 2(E2le] 5= & HsiS0| MY Z 9|x|)

c>

z[tf $2{(Dis./t) AT He(Dis./t)

1) Point 1(S2ii2l2f 2Z S& 71 H2 | t16 | 120 | t24 | t12 | t16 | t20 | t24

Z|of | (Dis./t A3 H2(Dis./t
o 91 (Dis. 1) ™ ¥ Dis V20 | 9.83 | 7.02(5.50 | 4.59 | 8.19 | 5.78 | 4.48 | 3.73

t12 | t16 | t20 | t24 | t12 | t16 | t20 | t24
V30 [ 14.1110.0|8.30|6.65|12.5|8.79|7.24 |5.74

V20 10.568|0.36 |0.23 | 0.16 | 0.00 | 0.00 | 0.00 | 0.00
V40 | 18.6 | 13.310.3 8.21 | 17.1 | 12.0|9.27 | 7.37

V30 |1.28|0.81]0.57|0.33|0.76|0.38|0.25 | 0.11
V60| 23.5|15.8|12.3/9.95|22.0|14.6|11.3]9.09

V40 | 1.71]1.08|0.73]0.44 | 1.08]0.65|0.41|0.22

V50 [2.38|1.78[0.94| 0.61 | 2.08 | 1.15|0.69 | 0.37 3) Point 3ZEOI 32 5= & wWas0| M 2 9x|)

- ISF=1
z|Cf 12{(Dis./t) AT 22|(Dis./1)
2) Point 2(ExfY 5= T HYFS0| MY Z 2Ix]) t12 | t16 | 120 | t24 | t12 | t16 | t20 | t24
2|T§ #12l(Dis. /) A7 #i2l(Dis. /) V30 | 10.8 | 6.94 | 4.92 | 3.70 | 10.2 | 6.45 | 4.50 | 3.34
t12 | t16 | 120 | t24 | t12 | t16 | t20 | t24 V40 | 13.6 [8.91 | 6.35 | 4.81 | 13.1|8.37 | 5.91 | 4.43
V20 | 0.59 | 0.36 | 0.23 | 0.16 | 0.00 | 0.00 | 0.00 | 0.00 V50 | 16.5 [ 10.9 | 7.75 | 5.89 | 15.9| 10.3| 7.28 | 5.52
V30 [1.90 | 1.29 | 1.02 | 0.69 | 1.37| 0.92 | 0.69 | 0.46
V40 [2.41|1.68|1.35|0.90 | 1.86|1.23|0.98 | 0.65 4.2.3 OEAR7IEA 2)01 SEAHZIH10° 2 &7
V50 | 4.10 | 2.76 | 1.85 | 1.25 | 3.55| 2.29 | 1.48 | 0.94 Case F2.D10

1) Point 1(E&ge] 2= &= 2Ix])

3) Point 3(ZIEIO|L 32 E= = BEES0| MY 2 2IA) z|Cf t42|(Dis./t) A7 #H12|(Dis. /)
z|Cf #2|(Dis./t) AT Hel(Dis./t) t12 | 116 | t20 | t24 | t12 | t16 | t20 | t24
t12 | t16 | 120 | t24 | t12 | t16 | 120 | t24 V20 | 0.40 | 0.24 | 0.15|0.10 | 0.00 | 0.00 | 0.00 | 0.00
V30 | 7.59|4.86(3.43|2.54|6.84|4.26|2.96|2.13 V30| 1.29]0.88|0.64|0.42|0.53|0.38|0.28|0.17
V40 | 9.66 | 6.26 | 4.42 | 3.38 | 8.94 | 5.65 | 3.92 | 2.96 V40 | 1.63]1.13]0.83|0.61|0.87 | 0.60 | 0.44|0.30
V50 | 11.8|7.64|5.45|4.14|11.0|7.04|4.95|3.72 V50 |2.19(1.48]1.10|0.79| 1.38 | 0.89 | 0.62 | 0.44
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2) Point 2(Eel|Ye] = T HEES0| MY 2 ) 3) Point 3(ZIEIO|H StE = T HYE0| M 2 2IX))
z[Cf #2|(Dis./t) G H2((Dis./t) z|tf 242{(Dis./t) A7 #H2{(Dis./t)
t12 | t16 | 120 | t24 | t12 | t16 | t20 | t24 t12 | t16 | 120 | t24 | t12 | t16 | t20 | t24
V20| 0.4010.24(0.15|0.10 | 0.00 | 0.00 | 0.00 | 0.00 V30 |10.86.974.93|3.70|10.2|6.46 | 4.49 | 3.33
V30 [1.7111.26(1.13]0.83|1.17]0.86|0.79|0.59 V40 [ 13.7 1 8.96 | 6.35|4.81 | 13.2|8.44|5.91 | 4.42
V40 [ 2.28 | 166 1.4411.17|1.73]1.23|1.06|0.88 V60 [ 16.0110.9|7.83|5.90|15.5|10.4|7.43|5.49
V50| 2.86(2.08|1.75|1.42|2.23]1.59]1.33|1.09

3) Point 3(ZIEjo| 5l 25 5 ¢

5. 8= ML AL H HE

51 &= Al AlLiE|2

Z|tH #12{(Dis./t) AT #H2(Dis./t)
t12 | t16 | 120 | t24 | t12 | t16 | t20 | t24 B MIE FREIAE R TTeisk | s ABAQUS/ Explicit
S ARESl0 AN AEts FH6 EUX|TH AR SE= QIS &
V30 | 7.58 | 4.87|3.44|2.54|6.82|4.26]296|2.14 Ab Hojo| HEZ of & 7} glojM EASR=G| Al7lo| 20| A2
V40 | 9.68 | 6.26 | 4.48 | 3.36 | 8.94 | 5.67 | 3.98 | 2.93 =|Act
AlX| AR MFsisP| fl6iME 5= 2Rt AN =0| &
V50 | 11.87.64 (546 |4.13|11.1]7.06]4.95|3.70 ME Jo| AAF Hojo| HES oigd AIR|Q} 7| AE acs
FMs 71 o] 5= £5E Y0 £ ZIEE 2E ERE
. ) A Helo| M E oM Aot TR = SN2 Soll 7+
oA =2 2)0|0 SEZIE ) T
4.2.4 nEA7I=A 2)0[1 ZSEUTIF 15 A8 ol Jleat Hoz mekict
Case F2.D15
|:5=JI§§QME
. e = _ - 1) %_—‘?—il-’&é,'Data =3
Y P 1(S348e 5 8% 9
. B) S=E AT U=
Ao 2l (Dis. /1) %7 #9/(Dis./) :
t12 | 116 | 120 | t24 | t12 | t16 | 120 | t24 T
(Hardening,
V20 | 0.94 | 0.57 | 0.37 | 0.26 [0.00| 0.00 | 0.00 | 0.00 i e
Coefficient of Friction)
V30 {1.85(1.20]0.81]0.47(1.08/0.99|0.38|0.20
B4 P e
V40 | 2.563 | 1.63]11.06]0.88|1.68|0.99|0.61|0.56 o1 i A 24w RIA
V50 | 2.95|2.06|1.46|1.07|2.15|1.47|1.04|0.73 Fig. 8 Proposed Procedure for Optimum Structural
Design against Collision
2) Point 2(Ex|Y3] 3 % waHS0| MY 2 2Ix|) 52 &= M HE
z|tf #2|(Dis./t) AT #He|(Dis./t) ) .
[t 24 FF oM ZuE Me|shztel ZuE ZHE 5=
tH2 | t16 | 120 | t24 | t12 | t16 | t20 | t24 \nk o_laHng oA 2Ak0| erAlEI0] To| mcto| 2ofLt X}
22 LIEflSC
V20 10.94|0.57]0.37|0.26|0.00|0.00|0.00|0.00 Fig. 9~ ) 120 HEH2IC,
il éﬂkﬂl olstH FAHe| FAvt HESE Ao vigl &
V30 | 2.51|1.76 | 1.35[0.99 | 1.86 | 1.28 | 0.94 | 0.68 o7 B{o|i= lo} RIS QF 2= 9IiT OJRIH4o| ofEke EZ{
o| &=y X%AE I:Il_:|0 247} Zro| I:|:| E.% oF 2~ OIO-H:.
V40 1 3.34|2.2211.69|11.62|263|1.66|1.29|1.26 of FAHPL s el 22t gtel Wbt 2 e
Olz oAl Hsto= HEl=n] FH7tF 5719 Rof| w2} o}
V50 | 3.59 | 3.94 | 1.80 | 1.85|3.02|3.04 | 1.42 | 1.48  slo| of3t ol Wsp} Ix| k2SS oF 2 9lojct
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Fig. 9 Deformed Shape of Around Point 2 for Case
F1_D15
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Fig. 10 Displacement of Point 2 for Case F1_D15:
(a) Maximum Displacement, (b) Permanent
Displacement
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Fig. 11 Deformed Shape of Around Point 3 for Case
F1_D15
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Fig. 12 Displacement of Point 3 for Case F1_D15:
(a) Maximum Displacement, (b) Permanent
Displacement
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