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Ultimate Strength Analysis of Stiffened Plate
with Minor Collision Damage
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ABSTRACT: The safety of on-going ships is one of important concerns in the view of environment and human life. The ship in bad condition
is likely to be subjected to accidental loads such as collision. Once she has one or several minor collision damages in the form of circle or
ellipse, her ultimate strength under compression or tension load will be reduced. Here, it is important to evaluate the reduction ratio of ultimate
strength due to the damage from safety point of view. The problem of strength reduction of a plate with cutout such as opening hole has been
treated by many researchers. As a result, a closed-form formula on the reduction of ultimate strength of a plate considering the effect of several
forms of cutout was suggested. However, the structure of ships is composed of a plate and a stiffener so-called a stiffened plate, and it is likely
to be damaged at a plate and stiffeners together in collision.

This paper is to investigate the effect of minor collision damage on ultimate strength of a stiffened plate by using numerical analysis. For
this study, the shape of minor collision damage of a stiffened plate was made by using contact algorithm. The deformed shape was used as an
initial shape for ultimate stress analysis. Then, a series of nonlinear FE analysis was conducted to investigate the reduction effects of ultimate
strength of the stiffened plate. The boundary condition was applied as simply supported at all boundaries, and the tripping of stiffener among
failure mode under compression loading was neglected. These results were settled in the form of reduction ratio between ultimate of original
intact stiffened plate and that of damaged stiffened plate.
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Fig. 1 Typical mesh of a perforated plate

Table 1 Comparison of ultimate strength

Specimen| d B | Wmax | Pasvs| Poe | Pansys/
No. | mm)| 9B | (m) | kN)| &N) | Poe
PL 1 0.0 0.0 0229 | 39521 3932 101

CIR 2a | 250 0.2 0229 | 3790 | 3746 | 101
CIR 3a | 375 03 0136 | 3539 | 3394 14
CIR 4a | 500 04 | 0304 3176 | 2957 | 1.07
CIR 5a | 625 05 | 0279 | 2865 | 2735 | 1.05

Table 2 Material properties for a stiffened plate

Density 7850 kg/m’ Strain-Stress

Young Modulus [206 GPa Relationship

Poissor'’s Ratio {0.3 v Plastic Strain (S’Iffﬂ%ff)

Yield Stress 315 MPa 0.00000 315

Ultimate Stress (490 MPa 0.01583 328

ic  Yield|D=40.4(1/s),

Stress p=5 0.19786 490

Failure  Plastic

Strain 02 0.50000 490
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Fig. 2 Generated minor collision damage (d/B=0.3)
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Table 3 Ultimate axial forces and stresses of stiffened plates

. Ultimate axial| Ultimate
Specimen No. d/B force (MN) | stress (MPa)
PL 0.0 3.02 314.88
SP 1 01 233 24251
SP 2 02 1.77 184.28
SP 3 03 1.39 145.18
SP 5 05 0.57 59.28
35 e PL (¢/B=0.0)

~§&- SP 1 (I/B=0.1)|

T S UDT TR &~ SP 2 (UB=02)

—@— SP 3 (/B=0.3)

_________________ ~4~ SP 5 (d/B=0.5)
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Fig. 3 Relationship between axial force and displacement
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Fig. 4 Variation of the ultimate strength of damaged stiffened
plates
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