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An Experimental Study on the Estimation of the Plate Téaring Damage
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School of Transportation Systems Engineering, University of Ulsan, Korea

KEY WORDS: Plate tearing damage ¥2] R7] £}, Scaling law =2{8] %] %], Cutting experiment for similar models A} elo] &

@43

ABSTRACT: This paper describes a study on the tearing damage of the ship’s bottom plating during a grounding. It has been known
widely that different scaling laws are applied for bodies undergoing simultaneously plastic flow and crack propagation in the
deformation of the plate tearing. Especially, the basic scaling law is not followed for the fracture. In this study plate cutting
experiments for the geometrically similar models have been performed in order to verify the problem. From the experimental results, it
has been observed that the cutting forces and energy for the larger models are significantly lower than those of the smaller models as
the damage become large. A simplified analytical method for the estimation of tearing is proposed based on the experiments and it has
been observed that the results of the present formula are correlated very well with the experiments
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Table 1 Dimensions and mechanical properties of the cutting

models
Maodel No. N_ummal PYCTIBE | B(mm) | L(mm) i | g
thickness (MPa) | (MPa)
SAI01~109 [ 1LOmm | 099 | 100 | 100 | 170 | 305 | 034
SA201-210 [ 20mm | 191 | 200 | 160 | 215 | 29 | 032
SA301-310 [ 30 mm | 301 | 300 | 220 | 175 | 260 | 037
SA401~410 [ 40 mm | 387 | 400 | 280 | 255 | 330 | 040
SAS01~S10 [ SOmm | 483 | 500 | 340 | 280 | 360 | 040

Fig.2 Arrangement of the plate cutting experiment
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Fig.1 The model Supporting
structure and the wedge of
the cutting experiment

Fig3 A typical picture of
damaged model(SA510) :
mild steel, t=4.9mm

Fig4 A picture of the cutting process
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Table2 Mean values of the cutting forces and energy at 8
nondimensional penentrations ;
Py, : mean ofcutting force, En, : mean of cutting energy

Plate Thickness
" 1 mm 2 mm 3 mm 4 mm 5 mm
5 Py 5.00 6.38 6.49 5.86 591
Ew 6.31 7.12 7.10 6.09 6.32
0 P, 5.52 7.21 725 7.05 7.50
Em 113 13.8 14.2 128 132
15 P 5.67 592 572 5.37 5.63
. En 16.6 20.2 20.8 192 19.9
P, 5.58 5.29 4.88 4.57 4.56
i En 223 25.8 25.9 239 25.0
id Pn 5.63 5.14 4.75 4.58 4.50
) En 27.9 31.3 308 | 285 29.4
- P 5.80 5.48 509 5.00 4.80
; En 33.6 36.6 35.6 333 4.1
%0 Py 6.10 5.97 5.63 5.50 5.19
- Ea 39.6 424 409 38.5 392
104(+3)
8.0
5.0
%
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8 4.0
—
g —a
3.0
2.0

104(+1)

n A " L N
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Flg.5 Cutting forces of the tearing experiments : numbers shown
at the end of the curve is the plate thickness
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Fig.6 Mean nondimentional cutting forces and its distributions
: numbers shown in the figures are the plate thicknesses
and its position is the corresponding the mean value(the

vertical bar represents the +2 standard deviation)
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Fig.7 Mean nondimentional cutting energy and its distributions :
numbers shown in the figures are the plate thicknesses and
its position is the ing the mean value(the vertical

bar represents the +2 standard deviation)
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Fig.9 Frictional force acting on the wedge
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Fig.10 Comparison the experimental results with the present formula of the cutting

force, eq.(13) :
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