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A Study on the Crashworthiness Design of Bow Structure of Oil Carriers
- Collision Behaviour of Simplified Models(1)

YOUNG-SIK SHIN AND MYUNG-KYU PARK
Hyundai Heavy Ind. co. and Korea Maritime University, Pusan 606-791, Korea
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ABSTRACT: The potential pollution problems resulting from tanker collision necessitate the requirement for an effective structural
design and the development of relevant safety regulations. During a few decades, the great effort has been made by the International
Maritime Organization and the Administration, etc, to reduce oil spillage from collision accidents. However there is still a need for
investigation in the light of structural evaluation method for the experiments and rational analysis, and design development for an
operational purpose of ships. This study aims for investigating a complicated structural response of bow structures of simplified models
and oil carriers for assessing the energy dissipation and crushing mechanics of the striking vessels through a methodology of the
numerical analysis for the various models and its design changes. Through these study an optimal bow construction absorbing great
portion of kinetic energy at the least penetration depth prior to reach to the cargo area and an effective location of collision bulkhead

are investigated. In order to obtain a rational results in this st three stages of collision simulation procedures have been performed

step by step as follows;
1) 16 simplified ship models are used to investigate the structural response against bow collision with variation of primary and
secondary members. Mass and speed are also varied in four conditions.
2) 21 models consisted of 5 sizes of the full scaled oil carriers are used to perform the collision simulation with the various sizes and
deadweight delivered in a recent which are complied with SOLAS and MARPOL.
3) 36 models of 100k oil carrier are used to investigate the structural response and its influence to the collision bulkhead against bow
collision in variation with location of collision bulkhead, primary members, framing system and colliding conditions, etc.

By the first study using simplified models the response of the bow collision is synthetically evaluated for the parameters influencing to

the absorbed energy, penetration depth and impact force, etc.
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Table 1.1 Double hull and bottom arrangement by MARPOL
5,000 DWT and above Below 5,000 DWT
— DWT _ 2.4DWT
wing 00" 20,000 w=04+"57" 500 ™
£
or 20 m
tanks whichever is the Jesser or tank cap. not over 700
(min. w == 1.0 m) m?  (min. w = 0.76 m)
Double h = % or 20 m h = —%m
bottom whichever is the lesser
tanks (min. h — 1.0 m) min. h — 0.76 m)
Turn
of 1.5 h above base lines Parallel to the flat bottom
bilge
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Fig. 2.1 Akita and Kitamura models
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Fig. 2.2 Structural arrangement of simplified models.
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Table 2.1 Model No. and loading conditions
Mass 5 ton
Impact
5 - o
Speed knots 10 knots
Deck Stringer Mid deck Stringer Mid deck
type type type type type
Frfl‘:mpeng Long. Trans. Long. Trans. | Long. Trans. Long. Trans.
Model |Model Model Model Model | Model Model Model Model
No. 1 2 3 4 5 6 7 8
Mass 10 ton
Impact 5 knots 10 knots
Speed
Deck |  Stringer Mid deck Stringer Mid deck
type type type type type
Frtayn;;ng Long. Trans. Long. Trans. | Long. Trans. Long. Trans.
Model |Model Model Model Model | Model Model Model Model
No. 9 10 H 12 13 14 15 16
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Table 2.2 Material mechanical property

Density ( 0) 7830 (kg/m")

Modulus of elasticity (E) 2.06 Gpa

Poisson’s ratio (V) 0.3

Yield stress ( O V) 235 Mpa

Ultimate stress ( ¢ ,,) 420 Mpa

Failure plastic strain (& /) 02

Long. frame-stringer type Trans. frame-stringer type
(SL type) (ST type)

AL LA AT A

Long. frame-mid deck type Trans. frame-mid deck type
(ML type) (MT type)
Fig. 2.3 FEM models
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Fig. 3.4 Time history of penetration depth and absorbed energy
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Fig. 3.2 Time history of penetration depth and absorbed energy
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Table 4.1 Summary of penetration and absorbed energy

Model  Str. Mass Speed Time Penetration Absorbed
No. type (ton) (knot) (sec) (mm) e“efgym )(kN

1 SL 0.027 30 15.49

2 ST 0.093 97 15.43

3 ML > > 0.026 30 15.41

4 MT 0.045 52 15.54

5 SL 0.100 253 62.19

6 ST 5 10 0.100 333 59.25

7 ML 0.100 242 63.37

8 MT 0.090 240 65.29

9 SL 0.089 100 30.90

10 ST 0.195 243 31.20

11 ML 10 > 0.093 103 30.60

12 MT 0.099 116 31.20

13 SL 0.177 529 128.00

14 ST 0.217 610 129.00

15 ML 10 10 0.300 450 708.00

16 MT 0.149 399 129.89
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