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The aim of this study is to develop a rapid calculation technique of the residual strength in order to prevent sequential events
under grounding accidents, Very Large Crude—Qil Carrier (VLCC), Suezmax, and Aframax double hull oil tankers carrying large
quantities of crude oil were selected for target structures, The rock geometries are chosen from the published regulation by
Marine Pollution Treaty (MARPOL) of the International Maritime Organization (IMO). Oceanic rocks as the most frequently
encountered obstruction with ships are applied in this work, Damage condition was predicted using ALPS/HULL program based
on grounding scenario with selected parameters, i.e, depth of penetration, damage location and tanker type, The results of the
scenarios are quantified to form an empirical formula which can evaluate the residual strength, The proposed formula is
validated by applying a series of random grounding scenarios,
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Fig. 2 Amount of oil spill by accident type (ITOPF, 2017)
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(a) Hebei Spirit (7 Dec. 2007) (b) Sanchi (6 Jan. 2018)
Fig. 3 Actual examples of maritime accidents near Korea
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Fig. 4 Determining probabilistic variables of rock shape
(IMO, 2003; Paik et al., 2012)

Table 1 Determination of rock variables and probability

Interval (Xn) Probability (%)
X4 0~1.0 100
Xo 0~0.2 89
X3 0~0.3 66
X4 90° -

rrrrrrrrrrrrrzririy T rrrrr7rrrri
Fig. 5 Nomenclature for a triangle shaped rock (Paik et
al., 2012)

Table 2 Principal dimensions of rock

sl *Eﬂ F—-‘?—IOFO# 50| 71E =2 1S =23
iCt (Table 1). X2 MZle| = dlsk
Bi=0|04, Xo= ?:.F_’EBI == &5 Zojolct,
x| FY|E AP W AR IR,
|

| 72t & 50| 7k 2 7ehe

Parameter VLCC | Suezmax | Aframax
Bottom breadth (ry) 17.4 141 12.8
Top breadth (ry) 5.8 4.8 4.4
Grounding depth (H) 5.8 4.6 4.2
Corner angle of top (8) 90 90 90

2.2 5| SEM
I SEM2 Y7 SR E0| Bot Z=E Al Al MZESH TS| E
0P |&k= VLCC (Very Large Crude-Oil Carrier), Suezmax %
Aframax = FZMS HEYSIACE Fig. 62 Table 32 thet 7=
Mol QU ZICHH ofAl2t £ X5 HEE LiERHCY,
z
D 3 =
s - B-2b >l
e i ) Y
Fig. 6 An example of midship section for VLCC double hull
oil tankers

Table 3 Principal dimensions (Unit: m)

Parameter VLCC | Suezmax | Aframax
Overall length (L) 315.0 261.0 239.0
Moulded breadth (B) 58.0 48.0 43.8
Moulded depth (D) 29.0 23.2 21.0

Double sides breadth (b) 2.4 2.45 2.35
Double bottoms depth (h) 3.0 2.55 2.40
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Fig. 8 A plate—stiffener separation model
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(b) Simulated bottom damage in the grounding accident
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(c) An example scenario in VLCC double hull oil tanker Woe = Bysin= =sin—y
Fig. 7 An example of grounding accident W = (Johisinﬁ
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Fig. 10 Examples of intact and damaged ship modeling
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VLCC class double hull oil tanker in hogging condition
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Table 4 Coefficients of developed formula for calculating
residual hull girder strength of VLCC class tanker

in grounding
Hogging Sagging
a, +0.2538 0.0522
a, - 0.0857 +0.0247
a, - 0.0111 +0.0098
b, + 0.5545 + 0.4621
b, - 0.1958 0.1671
b, - 0.1071 0.0713
c 1 1
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2lol AlLRR[2E 71E510] siAg SRigict elof Alz|20=

Xi= 5%, 15%, 50%, 95%= ARR3IH o], A 2= T ()=
71510 AlEEICt ZTk= Figs. 20-213} Z40| THLE] ZEAl
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Fig. 20 Comparison of residual strength of VLCC by the
developed formula and ISFEM in hogging
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Fig. 21 Comparison of residual strength of VLCC by the
developed formula and ISFEM in hogging
5.2 Suezmax = O|SMA| F=M

5.2.1 TR ZUT AL AEA
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Alo| O|X|Al4== Table 52+ Zcl.
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15%, 45%, 70%, 90%E XZsIUCt. Figs. 22-232+ 20| Ze

Table 5 Coefficients of developed formula for calculating
residual hull girder strength of Suezmax class
tanker in grounding

Hogging Sagging
a, -0.5771 -0.1900
a, 0.3607 0.0865
a, -0.0482 0.0164
b, 1.4619 0.5057
b, -0.6927 -0.1573
b, -0.0532 -0.0852
c 1 1
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Fig. 22 Comparison of residual strength of Suezmax by the
developed formula and ISFEM in hogging
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Fig. 23 Comparison of residual strength of Suezmax by the
developed formula and ISFEM in sagging
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5.3 Aframax = OI&MA| F=M
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Table 6 Coefficients of developed formula for calculating
residual hull girder strength of Aframax class
tanker in grounding

Hogging Sagging
a, +0.1722 0.2623
a, +0.0575 +0.1028
a, 0.0517 +0.0158
b, +0.7744 + 0.5490
b, 0.3971 0.1577
b, 0.0606 0.0905
c 1 1

532 4%

Table 62 M-85t A(3)2| RN SYUSH WAICZ 29| A|
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Fig. 24 Comparison of residual strength of Aframax by the
developed formula and ISFEM in sagging
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