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Abstract

The aim of this study is to derive a simple formula for predicting ultimate strength
of hull girders under vertical bending moment. The existing formulas have been
reviewed and classified into analytical approach, empirical approach and linear
approximate approach. It is known that the ship hull will reach the ultimate limit state
if both collapse of the compression flange and yielding of the tension flange occur. Side
shells in the vicinity of the compression and tension flanges will often fail also, but the
material around the final neutral axis will remain in the elastic state. Based on this
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observation, a credible distribution of longitudinal stresses around the hull section at
the overall collapse state is assumed, and an explicit analytical formula is derived. The
accuracy of the formula has been verified by a comparison of the experimental and the

numerical results.
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Fig. 1 Modification of Caldwell's method to include to composite hull materials and double hull
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sagging and hogging conditions (unit: mm)
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Table 29]x= B Q7oA T&F AMES 23
8} A 871xle] FHFHE o)Akl o7t
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Table 1 Properties of equivalent hull cross sections

Model D | D Ao As As Ag’ Zp Zs Op | O | Os 0o / Gy Mo
(mm)| mm) | (mm® | (mmd) | (o) | mm) | (em®) | (emd) |(MPa)| (MPa)|(MPa)]  CF. S.S. | (ton-m)
D°“;‘“g 9144| 00 | 72160 | 37241 | 72160 | 00 | 77334 | 77334 | 2932 | 2032 | 2081 %% 0450| 23357
D°‘:"“g 9144] 00 | 80419 | 58224 | 89895 | 00 | 99654 | 99975 | 217.3 | 2173 | 2765 32 0.856| 256.89
Dowli 763"
‘l"(';“g 9144| 00 | 149884 | 116129 |170064| 00 | 1785 | 19200 | 3296 | 3342 | 2734 (:)745 0610| 641.72
o
;SMT"”_; 7200 00 | 26535 | 26535 | 26635 | 00 | 25474 | 25474 | 2871|2871 | 2871 | o062 |o672| 9%
Nishihara
MisTg |T00| 00 | 316 | 3716 | 7BA6 | 00 | 331 | W/ | 266 | 2636 | 2636| 07 0785 10994
Mansour
r |70/ 00 | 8067 | 30774 | &L | 00 | TI263 | R02 |25 | 25| M5 | 045 07| 219K
:‘,’w; 2800.| 00 | 119060 | 13567.1 |13567.1| 00 | 51831 | 64569 | 2450 | 2450 | 2450 | 0537 [0537( 15020
niga:
SH s [ 0785
25800 00 |20381835 1647087.3|2079042.] 0.0 |67137000 67881000 3150 | 3150 | 3150 0.785| 2216500
Tanker H | 0837
DH S | 05%
15240| 21336 | 6677335 | 8267696 |880324.4| 603990 | 16512000 | 23283000 | 3136 | 234.2 | 2342 0.877 |0.794| 533700
Tanker H -
0.792
Note : S = Sagging, H = Hogging C.F. = Compression Flange, S.S. = Side Shells

*  Obtained by the experiment ** Ultimate strength ratio of inner bottom

Table 2 Comparison of ultimate strength formulations with test modeis and tanker hull results

M. /M,
Model |Cond. ® | Mansour Faulkner | Valsgaard| . 2, | (& Error(5%)
Exp. | ALPS/ISUM| Vasta | Modified & Viner & & é’: 2
Caldwell | Faulkner Sadden Steen Lin |Mansour] @ ) &)

D°‘g“"g H |o0684| 0723 |0684| 0723 0752 | 0673 | 0&5 | 070 |0721| 0722 |+57| +54 |+53

Dowling| 11 |ogaa| o086 [0739| 0920 | 0813 | 0728 | 0875 | 0832 |0914| 088 |+90 | +83 |+16

Dowling| 10736 | 07% |07/ | 08% | 087 | 0767 | 0941 | 087 |088| 08I0 |,56/ +152+01

Nishihara -
MST-3| S |0715 0.691 0597 0.793 0.657 0.588 0.731 0673 |0702| 079 |, 09| ~18 |*58

Nﬁ*g{i‘i{f s |oss| 0747 |0698| 0875 | 0768 | 0637 | 0840 | 078 |0816| 0818 |+87| +137|+16

Maﬁ”“’ H | 0632 0618 0436 | 0621 0480 | 0430 | 0536 0492 |0861{ 0621 |-17| -11.2|-184

Dow’s

Froae | S |064| o2 | 0463} 0633 0510 | 045% | 0572 | 052 |o0553| 0632 | -47! -167(-19
sm | S| - 0775 | 0764 | 087 0870 | 0753 | 0920 | 0861 |0816| 0840 |+123| +53 |+77
Tanker [y | - 0834 | 0824 | 0914 0898 | 0812 | 0983 | 0929 | 0901 | 0861 | +7.7 | +80 |+31
pH | S| - 0715 | 0589 | 0738 0648 | 0580 | 0726 | 0664 | 0619 0733 | +32 | -134 |+25
Tanker Ty |7 - 080 | 0914 0935 10 | 0%l | 10 10 |0928 | 0828 |+12.7] +11.8|-02

Note : S = Sagging, H = Hogging
@ Equation (3.a) or (3.b) ® Equation (9.a) or (9.b) @ Equation (17) or (18)
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