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Midship Section Design of Ship Structures Based on Reliability Analysis
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Abstract

This study is concerned with the reliability analysis and its based design of midship section against the ultimate bending
strength. Eight bulk carriers and seven oil tankers over 100m length are chosen for the present study. Target reliability indices for
the two ship types have been derived based on the results reliability analysis of the present ship models. Reliability-based
structural design codes are proposed for use in design of midship section of bulk carriers and oil tankers. The design codes
proposed in this study have been successfully applied to re-design of midship section of the present ship types. It has been found
that the proposed codes can provide more uniform structural design results.

Keywords - reliability-based design, safety margin, target reliability index, ultimate bending strength
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Table 1 Principal particulars of the present ship models

(a) Bulk carrier

Ship No. | Length | Breadth | Depth | Draft | Dead weight

BK-1 | 176.00 | 30.50 | 15.95 | 11.20 42000
BK-2 |215.00 | 32.20 | 18.30 | 12.20 60000
BK-3 | 215.64 | 32.20 | 18.00 | 13.10 64000

BK-4 259.00 | 43.00 | 23.80 | 17.40 148000
BK-5 259.20 | 43.00 | 23.80 | 16.60 149000
BK-6 259.00 | 43.00 | 23.80 | 16.50 148000
BK-7 280.00 | 48.00 | 24.50 | 18.00 180000
BK-8 300.00 | 50.00 | 25.70 | 18.00 206900
(b) Oil tanker
Ship No. | Length | Breadth | Depth | Draft | Deadweight

TN-1 171.00 | 26.89 | 16.40 | 10.66 32000
TN-2 | 233.00 | 41.80 | 20.00 | 12.20 95000
TN-3 | 233.00 | 41.80 | 20.00 | 12.20 95000

TN-4 | 258.00 | 43.20 | 24.90 | 17.50 150000
TN-5 | 264.00 | 47.80 | 22.80 | 14.60 148000
TN-6 | 264.00 | 43.90 | 24.40 | 16.16 153000
TN-7 | 310.00 | 56.00 | 31.40 | 20.70 280000

[note] dimension in meters: dead weight in tons
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Table 2 Statistical analysis results for still water bending

moment for bulk carriers andoil tankers
(Guedes S, 1988)

Ship- | Loading 1y o piaer| cov P,
type condition
Bulk part-load 0.135 2.496 0.332
u . full-load -0.079 3.494 0.668
Carrier
all load -0.008 37.000
oil part-load 0.330 0.636 0.234
! full-load -0.263 0.814 0.766
Tanker
all load -0.124 1.718

*normalized by code value
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Table 3 Uncertainty modelling for reliability analysis

Variable Mean COoVv Dist. type
geometric variable | nominal 0.04 normal
material variable
-E 200GPa 0.04 log-normal
- Oy nominal 0.08 log-normal

Xy for o, 1.001 0.078 log-normal
X, for M, 1.00 0.10 log-normal
M, under sagging
- Bulk carrier 0.079 3.494 normal
- Tanker 0.263 0.814 normal
M, 1.0 0.16 extreme type I
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Fig. 1 Reliability indices of the present ship models
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Table 4 Average partial safety factors(psf)

psf
ship T L

bulk 0.44 1.42
(0.014) (0.013)

carrier

0.45 1.30

oil tanker (0.008) (0.006)

[Note] figures in () are COVs of partial safety factors
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