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Abstract

For medium size container ships, curved bilge strakes should be stiffened with angle bars.
However, ultimate strength design formulations for those structures are not available. Design
equations for flat stiffened plates are employed in design without considering the effects of
curvature of shells. In this study non-linear finite element analyses were performed and the
curvature effects were quantified. According to the analysis results the effects of curvature can
not be neglected when the curvéture is larger than a certain amount. Therefore design
formulations should be developed for curved stiffened shells, which is presently designed
using the formulations for flat stiffened plates.

% Keywords: Curved stiffened shell(22=21), Bilge strake(&d X 2t= ), Ultimate strength(X &2
&), Non-linear finite element analysis(HI &8 KR8t Q4 5il4l), Container ship(ZHEil Ol L &).
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Table 1 Ultimate strength under the axial
compressive force without considering initial
imperfection and lateral pressure

Shell radius P
R4000 33,479 131.0
R5000 33,273 130.2
R6000 33.121 129.6
- R7000 32,931 128.8
R8000 32,516 127.2
| FlatpPL 25,563 | 100.0
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Table 2 Ultimate strength under the axial
compressive force considering lateral
pressure and initial imperfection

Shell radius | P, (P)es / P, 1
[ mm] [ 4N P | (Po)pery.
R4000 29,237 131 87.33
R5000 26,278 117 78.98
R6000 25,922 116 78.26
R7000 23,919 107 72.64
R8000 22,842 102 70.25
Flat_PL 22,402 100 87.64
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Table 3 Ultimate

between flat

strength

comparison

panel with 800mm stiffener
spacing and 6000mm radius curved panel
with 1200mm stiffener spacing

strength

comparison

panel with 800mm stiffener
spacing and 6000mm
with 1200mm stiffener spacing

radius curved panel

[ s .
Stiff. spacing P, Oy o0
Y
[mm] kM | (Vw1 | T
Flat_PL-800 17,631 193 0.613
R6000-1200 24,629 194 0.614
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Table 4 Ultimate strength comparison

varying stiffener spacing for the 4000mm
radius curved stiffener shell

Stiff. spacing P, o, oo

[mm] IR
R4000-800 26,694 293 0.929
R4000~-1000 29,237 268 0.850
R4000~1200 32,334 254 0.807
Table - 5 Ultimate strength comparison

varying stiffener spacing for the 5000mm
radius curved stiffened shell

Stiff. spacing P, o, o 1o
Y
{mm] N [ (Nmm?1 | °
R5000-800 26,288 288 0.915
R5000-1000 26,278 241 0.764
R5000-1200 27,460 216 0.685
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Fig. 16 Ultimate strength comparison varying

stiffener spacing for the 5000mm radius

curved stiffened shell
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Table 6 Ultimate strength comparison
varying stiffener spacing for the 6000mm
radius curved stiffened shell
Stiff. spacing P, o, o o
Y
[mm] (kN | IN/mm?]| "
R6000-800 26,149 287 0.910
R6000-1000 25,922 237 0.753
R6000-1200 28,090 221 0.701
Table 7 Ultimate strength comparison
varying stiffener spacing for the 7000mm
radius curved stiffened shell
T
Stiff. spacing| £, o, o o
Y
[mm] kM | INmm?) |
R7000-800 20,919 229 0.728
R7000-1000 23,919 219 0.695
R7000-1200 22,618 178 0.564
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Fig. 19 Ultimate strength comparison varying
stiffener spacing for the 8000mm radius
curved stiffener shell
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Table 8 Uitimate strength comparison
varying stiffener spacing for the 8000mm
radius curved stiffened shell

Stiff. spacin
pacing P, o, REars
[mm] [ kM [N/mm7]
R8000-800 21,564 236 0.750
R8000-1000 22,842 209 0.664
R8000-1200 | 21,877 172 0.546
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Fig. 20 Effects of curvature on the ultimate
strength of curved stiffened shells having
different stiffener spacings
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Fig. 21 Effects of stiffener spacing on the
ultimate strength of curved stiffened shells
having different curvatures
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