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Abstract

It has been reported that fatigue damage sometimes occurred at the stress concentrated and dynamic
loaded structural members of bulk carrier.

In this paper, studies on fatigue strength of hull structures are reviewed, and the program for evalua-
ting fatigue strength is developed. And the fatigue crack initiation and propagation on the end part
of cargo hold frame of bulk carrier were calculated by FEM stress analysis and the fatigue strength
evaluation program.

These method can be applied not only to the crack initiation life but also to crack propagation life
for the hull structural members at the hull design stage and be effective as the guideline to prevent
the crack initiation or to estimate the fatigue strength for reparing of the fatigue damaged structures
of real ships.
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Fatigue Strength
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Fig. 1 Flow of Fatigue Analysis for ship
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Table 1. Details of S-N curves

N < W/ N> 10
class m log A m log A
B 40 15.01 5.0 17.01
C 35 13.63 50 1647
D 3.0 1218 5.0 15.63
E 3.0 12.02 5.0 1537
F 3.0 11.80 5.0 15.00
F2 3.0 11.63 50 14.72
G 3.0 11.39 5.0 14.32
W 30 11.20 50 14.00
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Table 2. Calculation of fatigue damge
{ Gonax = 26.86kgf,” mm’)

BLOCK ni c Ni ni”'Ni
(kgt/nmi)
1 3.0 2526 28066. [ .0001
2 7. 24.02 32620.| .0002
3 30.1 2190 43042.| .0007
4 70. 20.67 51225.| .0014
5 300. 18.55 70882.| .0042
6 700.1 1731 87155.| .0080
7 3000.| 15.19 128985.( .0233
8 7000. 13.96 166333.1 .0421
9 30000.( 11.84 272708.1 .1100
10 70000. 10.60 379513.| .1844
11 300000. 848 741309.  .4047
12 700000. 7.25 1188459.| .5890
13 3000000. 513 3357915. .8934
14 7000000. 3.89 7675852. [ .9120
15 30000000. 1.77 81481480. | .3682
16 60000000. .76 1028276000. | 0584
Number of cycles=101111100. D=3.60003
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Selection of crack propagated part

Setting up of crack path
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Estimation of crack propagation life

Fig.4 Prediction procedure of Crack propagation
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Table 3. Fig. 4 Prediction procedure of crack propagation kn* for eguation(17)#

const sin”! & grl1—gne g (1=gr)en
i=0 | i=1 | i=2 | i=3 | j=0 | j=1 | j=2 | j=3
D, D Eo E, E, E; Fo F, F; F;
ko* | 3.52322 | —2.24295 —0.24295 —0.10310 0.12333
ki* 2.0 0.29630 —0.22641
k:* | 165136 | —1.05129 0.94871 0.10257 —0.05057
ks* 2.0 1.38582
ke | 1.21566 | —0.77392 0.72608 0.5 0.04783 0.06378
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Table 5. Estimate of crack propagation life

crack length . (mm)
stress intensity . (kgf,/ mm’

123

”{/2)

(CRACK FROM FREE EDGE)

CRACK LENGTH= 140 NO.OF CYCLES=
CRACK LENGTH= 240 NO.OF CYCLES=
CRACK LENGTH= 340 NO.OF CYCLES=
CRACK LENGTH= 4.40 NO.OF CYCLES=
CRACK LENGTH= 5.40 NO.OF CYCLES=
CRACK LENGTH= 6.40 NO.OF CYCLES=
CRACK LENGTH= 7.40 NO.OF CYCLES=
CRACK LENGTH= 8.40 NO.OF CYCLES=
CRACK LENGTH= 940 NO.OF CYCLES=
CRACK LENGTH=10.40 NO.OF CYCLES=
CRACK LENGTH=11.40 NO.OF CYCLES=
CRACK LENGTH=12.40 NO.OF CYCLES=
CRACK LENGTH=13.40 NO.OF CYCLES=
CRACK LENGTH=14.40 NO.OF CYCLES=
CRACK LENGTH=15.40 NO.OF CYCLES=
CRACK LENGTH=16.40 NO.OF CYCLES=
CRACK LENGTH=17.40 NO.OF CYCLES=
CRACK LENGTH=1840 NO.OF CYCLES=
CRACK LENGTH=19.40 NO.OF CYCLES=
CRACK LENGTH=20.40 NO.OF CYCLES=
CRACK LENGTH=21.40 NO.OF CYCLES=

(CRACK FROM FREE EDGE)

CRACK LENGTH=52.50 NO.OF CYCLES=
CRACK LENGTH=53.50 NO.OF CYCLES=
CRACK LENGTH=54.50 NO.OF CYCLES=
CRACK LENGTH=55.50 NO.OF CYCLES=
CRACK LENGTH=56.50 NO.OF CYCLES=
CRACK LENGTH=57.50 NO.OF CYCLES=
CRACK LENGTH=5850 NO.OF CYCLES=
CRACK LENGTH=59.50 NO.OF CYCLES=
CRACK LENGTH=60.50 NO.OF CYCLES=
CRACK LENGTH=61.50 NO.OF CYCLES=
CRACK LENGTH=62.50 NO.OF CYCLES=
CRACK LENGTH=63.50 NO.OF CYCLES=
CRACK LENGTH=64.50 NO.OF CYCLES=
CRACK LENGTH=65.50 NO.OF CYCLES=
CRACK LENGTH=66.50 NO.OF CYCLES=
CRACK LENGTH=67.50 NO.OF CYCLES=

CALCULATION OF FATIGUE CRACK PROPAGATION

0.10E+08 STRESS INTENSITY= 41421
0.14E+08 STRESS INTENSITY= 53425
0.15E+08 STRESS INTENSITY= 62.633
0.17E+08 STRESS INTENSITY= 70.171
0.18E+08 STRESS INTENSITY= 76.552
0.18E+08 STRESS INTENSITY= 82.062
0.19E+08 STRESS INTENSITY= 86.883
0.19E +08 STRESS INTENSITY= 91.140
0.20E+08 STRESS INTENSITY= 94.924
0.20E+08 STRESS INTENSITY= 98.305
0.21E+08 STRESS INTENSITY=101.337
0.21E +08 STRESS INTENSITY=104.064
0.21E+08 STRESS INTENSITY=106.523
0.22E+08 STRESS INTENSITY=108.745
0.22E+08 STRESS INTENSITY=110.756
0.22E+08 STRESS INTENSITY=112.579
0.22E+08 STRESS INTENSITY=114.234
0.23E+08 STRESS INTENSITY=115.739
0.23E+08 STRESS INTENSITY=117.110
0.23E+08 STRESS INTENSITY=118.359
0.23E+08 STRESS INTENSITY=119.500

CALCULATION OF FATIGUE CRACK PROPAGATION

0.29E+08 STRESS INTENSITY=121.865
0.29E+08 STRESS INTENSITY=116.569
0.30E+08 STRESS INTENSITY=112.106
0.30E+08 STRESS INTENSITY=108.276
0.30E+08 STRESS INTENSITY=104.947
0.30E+08 STRESS INTENSITY=102.019
0.31E+08 STRESS INTENSITY= 99.420
0.31E+08 STRESS INTENSITY= 97.095
0.32E+08 STRESS INTENSITY= 95.001
0.32E+08 STRESS INTENSITY= 93.102
0.33E+08 STRESS INTENSITY= 91.371
0.33E+08 STRESS INTENSITY= 89.787
0.34E+08 STRESS INTENSITY= 88.329
0.34E+08 STRESS INTENSITY= 86.984
0.35E +08 STRESS INTENSITY= 85.737
0.35E +08 STRESS INTENSITY= 84.580
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Fig. 12 Crack length (a) & number of cycles (N)
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