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Analysis of the direct calculation method of ship fatigue damage
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Abstract: [ Objective ] In order to improve the calculation accuracy of the influence of slamming load on
ship fatigue damage, and evaluate ship fatigue life more effectively, a direct calculation method of ship fatigue
damage which accounts for slamming load is proposed. [ Methods ] First, the time domain calculation of
nonlinear load is combined with the spectral analysis method of linear frequency domain, and the stress time
history of the ship in a short-term sea state is obtained based on beam theory. Second, the damage of the check
points is calculated using the rain flow counting method and S-N curve, the contribution and influence coeffi-
cients of nonlinear slamming load on fatigue damage are calculated with reference to the CCS guidelines, and
the corresponding stress response transfer function is corrected by combining the spectral analysis method. Fi-
nally, the stress spectrum is calculated and fatigue damage accounting for nonlinear slamming is obtained.

[ Results | The results show that compared with traditional spectral analysis method, it is found that the ship
fatigue damage obtained by the direct calculation method accounting for slamming load is about 10%—50%.

[ Conclusion ] The proposed method can improve the accuracy of load calculation when evaluating the fa-
tigue strength of ships sailing in harsh sea states.
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Fig. 1 Fatigue assessment process accounting for slamming load
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Table 1 Location of fatigue hotspots of a ship

Hridi s e E

BOIEEE. 06 R 5 PG EE =3 42 s b
BOAGEE. 03 IR 55 PG B = A2 s ik
BOAEEE. 07 S\ BE =52 i b
03 FRVR Ze fi A AR 1 47 B Ak

b2 B A B 45 03 FIAR 28 kb
1375 iz, 02F A Ze i b2 H ST f Ak

605 GL, 04 BB SR EESS sl kb

525 A, REREEEAIO3 AR 5 A AR EESS S Ak

2345z, 03 FAR FRASE S AR BT s Ak

2225 fifir, REAG BI04 FUR 5 75 O EE A
1 000 mmAth YA EAZ i b

Hotspot0l 3455 /1,

Hotspot02 3455 fiL,
Hotspot03 2625 Hf,
Hotspot04 2085 /I,
Hotspot05  136°5 AfiL,
Hotspot06
Hotspot07
Hotspot08
Hotspot09

Hotspot10

®2 EFHRGTENERSH

Table 2 Basic parameters of fatigue damage calculation
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Table 4 Fatigue damage and nonlinear contribution of each
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Table 6 Calculation parameters of wave load response
S8 HfH
P SAUE kn 16
THER ) 10/(°) 0, 30, 60, 90, 120, 150, 180, 210, 240, 270, 300, 330
i B AR 1/12

TR BIR B w/(rad s™)

0.1, 0.2, 0.3, 04, 0.5, 0.6, 0.7, 0.8, 09, 1.0, 1.1,

1.2, 1.3, 14, 15, 1.6, 1.7, 1.8, 1.9, 2.0

SE I I IR 28 A 1 3k B, G A = 4 IR VR K e
THER A WALCS, AT 3RA5 45 KL 6 1~ F H 2 Y
Sege) 1 D VAN SR N T R N ) A A A R i 90
O3 o B b A 3 A i in B 40 Ak S R A BR AR AL |
Jei, AT AR ) A T 00 R A S N T, FEAR 4 4
A R T E AT 2 R K 3 N 7 (Of L 45°7R 7] F
A =8 B 7 3k 3 f KB, RIF AT 75 31 45 240 1 I )
M S £ 328 BRI AN

AR (6) 15 2 R 7 ma 3 I, SR 3 43 B
THR A% SR 57 i 45 SR 3R 7 P .
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Table 7 Spectrum analysis and evaluation results of example

ship

S 07 R (R B 57 RARBUIE Giak) SR

Hotspot01 0.105 0.116 0.221
Hotspot02 0.075 0.084 0.160
Hotspot03 0.093 0.125 0.217
Hotspot04 0.317 0.355 0.671
Hotspot05 0.085 0.095 0.179
Hotspot06 0.075 0.09 0.165
Hotspot07 0.063 0.071 0.134
Hotspot08 0.156 0.175 0.331
Hotspot09 0.085 0.110 0.194
Hotspot10 0.273 0.305 0.578

B AE T HEATB IE, B S vH A A TR 1) A
(452 1) 22 50, SR I P 6T 0L g i 7 A% 328 o B8R A &
1E, BE S 4% B R TE S B 5 B SR AR T SRt Y 9
. RS TTER B A U K21 it D
B, A A BOUEAE 3600 s B T I FE 6 = 0°, 300,
60°} I A T s R AL R 8 iam . Hi, 0=
300°HT 1 25 5 5 6 = 60°RT B AH [R], 0 = 33000 1 45
H 5 9= 30°Hp AH TR
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Table 8 Slamming influence coefficients of each hot spot un-

der each working condition

A e 2ES

60=0° 6=30° 6=160°
Hotspot01 1.129 1.110 1.079
Hotspot02 1.215 1.175 1.123
Hotspot03 1.131 1.092 1.084
Hotspot04 1.207 1.169 1.058
Hotspot05 1.247 1.199 1.107
Hotspot06 1.252 1.201 1.112
Hotspot07 1.263 1.210 1.144
Hotspot08 1.300 1.245 1.160
Hotspot09 1.188 1.126 1.097
Hotspot10 1.181 1.139 1.113

W BT S A FEESEm R BRAL AT
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Sy MR RAR BV 1E S5 09T BT o 52 M Ay AR R
SR o A IS o7 B 05 B LA R R e 2R
Ban 9 FioR .
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2.1 F1 2.2 15 A 458 405 B AR 45 R mT DLk R,
Hotspot04, Hotspot10 9% 57 i 45 B F R o X A& A
A1 Hotspot04 11 5 #4) 1 =X oy K AU AL Ay 32 H AR ) K
FF 11 # B 45 440, Hotspot10 () 45 K4 & =X Ay ik i 437
JR 2R A0 RS HB . R AR BE AN BE = F sS S5,
X 2 AN AR 2R A I WSS R, B kR
RS AETR ., H MR 2.0 2.2 WA, MR A
fir N A AN 10 s o

2. 1074 8 SR FH s 3u 286 A 45 5 R B Y Xk
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Table 9 Fatigue damage results and slamming influence coeffi-
cients of each hotspots

v BBCLUL R AR LBL 10 BT H BP0 BP0
MERY i R WRIE B RN

Hotspot01 0.105 0.116 0.221 0.260 1.18
Hotspot02 0.075 0.084 0.160 0.194 1.21
Hotspot03 0.093 0.125 0.217 0.238 1.10
Hotspot04 0.317 0.355 0.671 0.770 1.15
Hotspot05 0.085 0.095 0.179 0.192 1.07
Hotspot06 0.075 0.090 0.165 0.200 1.21
Hotspot07 0.063 0.071 0.134 0.208 1.55
Hotspot08 0.156 0.175 0.331 0.429 1.30
Hotspot09 0.085 0.110 0.194 0.223 1.15
Hotspot10 0.273 0.305 0.578 0.663 1.15

F 10 BHEFRITBUE SIS AT E R E SR
Table 10 Fatigue damage degree of time domain rain flow
counting method and frequency domain spectrum
analysis method

R RRRH IR TR RN R
MRS N R BT SOk IR S

(i v SR S X[/ 82 e R
Hotspot01 ~ 0.156 0.221 0.172 0.260 1.103  1.176

Hotspot02  0.074 0.160 0.087 0.194 1.176  1.213
Hotspot03  0.157 0.217 0.180 0.238 1.146  1.097
Hotspot04  0.529 0.671 0.617 0.770 1.166  1.148
Hotspot05  0.088 0.179 0.107 0.192 1216 1.073
Hotspot06  0.109 0.165 0.132 0.200 1.211  1.212
Hotspot07  0.085 0.134 0.107 0.208 1.259  1.552
Hotspot08  0.315 0.331 0.408 0.429 1.295  1.296
Hotspot09  0.044 0.194 0.050 0.223 1.136  1.149

Hotspot10  0.253 0.578 0292  0.663 1.154  1.147
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