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Abstract

In ship structural design procedures structural analyses are performed using the scantlings of structural
elements determined at the initial design stage based on relevent rules and previous experiences. Modifi-
cations of scantlings will be carried out in case that the analysis results do not satisfy design criteria.
Reanalysis methods are efficient to analyse the structures of slightly modified using information obtained
from the previous analysis.

In this paper various approximate reanalysis techniques will be compared and their characteristics
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will be described. Furthermore sensitivity analyses are adapted to provide information from which selection
of most influential design variables will be made and amount of modification can be determined. Redesign
procedures described herein are demonstrated using examples.
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Table 1 Comparison of various reanalysis techniques

=) .
=R

37} 913k A 4t & Fig,
£ 57 2] Material

(A) Maximum deflection at neutral axis of Midspan (unit s mm)
Thickness Change —50% —30% -10% +10% +30% +50% +100%
Direct Analysis 19.528 14.949 10.849 8.876 7.511 6.509 4.882
Taylor Series 14.646 12.693 10.741 8.887 6.835 4.882 1.938
Modified R.B.M. 27.281 14.991 10.974 8.227 7436 6.452 4.882
Simple lIteration 16.528 13.230 10.765 8.939 7.815 6.674 9.420
Separate Iteration 18.627 13.624 10.775 8.931 7.636 6.674 5.085
T.S.+Simple L 18.141 13.597 10.775 8.931 7.636 6.673 5079
T.S.+ Separate L 18.564 13.622 10.775 8.931 7.636 6.673 5.079

(B) Error index (X10 *

Thickness Change -50% —30% -10% +10% +30% +50% +100%
Taylor Series 19.638 7.070 0.786 0.786 7.070 19.638 78.550
Modified R.B.M. 30.322 5.771 0.935 0.555 1.500 1.502 4.882
Simple Iteration 12.524 4.148 0.839 0.758 3.463 10.818 9.420
Separate Iteration 5.1417 2,672 0.792 0.710 2.004 5.780 4.5X10*
T.S.+Simple L 6.670 2.789 0.792 0.711 2.054 14.521 72.548
T.S.+ Separate I. 5.335 2.688 0.792 0.710 1.948 3.321 31799
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Fig. 1 Sample structure for structural redesign

system(stress)

129

Table 2 Comparison of equivalent stress sensitivity
for membrane elements obtained using

different equations unit © N/mm?/mm

Member; Member| Differential | Incremental |[Obtained from

Type | No. {FormEqn(28){Form.Eqn(31)|Exact Analysis
(1] 1 —244.1 —180 —164
{2] 49 —2355 -16.8 —154
(3] 25 - 3846 -238 -218

Fig. 2 Meshed design example
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Table 3 Maximum von mises equivalent stress
for each material type and corresponding

stress sensitivities

Member | Max.Equiv. Sensitivity to Unit Change

Type No.|Stress(N/mm?) | MTLIYMTL2]MTL3]IMTI41MTL5]
f11 1 1835  [-18020.082 | 0.001 [~0.016 —0.005
2] 49 1959 0.128 |-16.82 |- 0.883|—0.080 —0.020
3] 25 261.1 0.004 [~0.129 [~23.80|—0.087| —0.022
4] 80 264.9 —0.118 - 23.23 |-0.349|—0.116] ~0.024

[5) 101 1285 —0.017 [~ 0.072 - 11.58|--0.046] —0.013

Table 4 Maximum von mises equivalent stress
for each material type and corresponding

stress sensitivities for stiffened beam

Member | Max.Equiv. Sensitivity to Unit Change

Type No.| Stress(N/mm?) | MTOUIMT2IMTI3AMTI4 M TI5]

1l 1 1835 —18.02 0.082 | 0.001 {—0.016 —0.005
[2] 49 1959 0.128 |- 16.82|—0.883] —0.080] —0.020
[3] 25 261.1 0.004 |-0.129{— 2380 —0.087 —0.022
(4] 80 2649  [-0.118[-23.23(-0.349]—0.116] —0.024

(5] 101 1285 ~0.017|—0.072{- 11.58| ~ 0.046| —0.013
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Table 5 Material type whose maximum von mises
equivalent stress exceeds the allowable
value together with corresponding stress

sensitivities for the design example

Member Max Equiv. Sensitivity to Unit Change
Type No. | Stress(N/mm?>) MTL9] MT{13]
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