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An Experimental Study on the Ultimate Longitudinal Strength of Ship
Structures Damaged due to Side Collision
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ABSTRACT: Ships in bad weather conditions are likely to be subjected to accidental loads, such as high bending moment, collision, and
grounding. Once she has damage to her hull, her ultimate strength will be reduced. This paper discusses an investigation of the effect of
collision damage on the ultimate strength of a ship structure by performing a series of collapse tests. For the experiment, five box-girder models
with stiffeners were prepared with a cross section of 720mm x 720mm and a length of 900mm. Of the five, one had no damage and four had
an ellipse shaped damage area that represented the shape of the bulbous bow of a colliding ship. The amount of damage size was different
between models. Among the damaged models, the damage in three of them was made by cutting the plate and stiffener, and in one by pressing
to represent collision damage. Experiments were carried out under a pure bending load and the applied load and displacements were recorded.
The ultimate strength was reduced as the damage size increased, as expected. The one with the largest amount of dmmage had damage to 30%
of the depth, and its ultimate strength was reduced by 19% compared to the undamaged one. The pressed one has higher ultimate strength
than those that were cut. This might be due to the fact that the plate around the pressed damage area contributes to the ultimate strength,

whereas the cut one has no plate to contribute.
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Fig. 2 Drawing for construction of test model and jig
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Table 2 Measured initial deformation of CO-1 (unit: mm)
y X 0 90 180 270 360 450 540
0 265 193 170 068 144 243 260

90 215 210 181 155 133 164 2.02
180 242 206 050 305 201 137 230
270 200 205 175 147 128 146 181
360 234 274 323 011 -030 147 237
450 205 206 180 165 158 187 223
540 244 1.77 143 228 3.09 0.00* 255

Note: * ref. pt; max.: 3.23mm, min.: -0.30mm, diff.: 3.53mm

Table 3 Measured initial deformation of CO-2 (unit: mm)
0 9 180 270 360 450 540
0 241 182 229 164 -031 036 1.02

90 135 131 087 048 018 0.01 0.26
180 115 065 -164 -181 020 -027 0.22
270 058 043 -003 -040 -062 -0.60 -040
360 080 -005 076 054 -088 -048 0.15
450 0.71 071 041 011 002 -0.06 0.02
540 144 118 0.71 0.00* 008 -023 1.10

Note: * ref. pt; max.: 241mm, min.: -1.81mm, diff.: 4.22mm

Table 4 Measured initial deformation of CO-3 (unit: mm)
N 0 90 180 270 360 450 540
0 279 208 161 167 265 308 3.69
9 187 174 170 226 263 300 312
180 199 126 164 377 315 28 310
270 167 161 158 198 218 248 254
360 231 180 235 073 000* 153 286
450 210 175 173 226 245 256 254
540 292 170 -029 332 405 324 314

Note: * ref. pt; max.: 405mm, min.: -0.29mm, diff.: 4.34mm
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Fig. 8 Overview of test set-up

Table 5 Result summary for ultimate strength

: Closed-form solutions
Present experiment

Test (ton-m)
model M, Disp. v/, Frieze Paik & Remarks
(ton-m) (mm) & Lin Mansour

ND-1 579 186 498 585 635

CO1 496 151 - - - cutting
CO-2 456 14.0 - - - cutting
CO3 470 16.0 - - - cutting
CO4 530 19.2 - - - pressing,

Note: * displacement at the center of bottom plate
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Fig. 9 Measured strains for CO-1 ~ 4
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Fig. 10 Measured displacements for CO-2
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