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A Study on Fatigue Analysis, Reliability and Life Expectancy
of a Double Link Type Level Luffing Jib Crane
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Abstract : This paper is a study on the fatigue analysis using BS5400 Part10{1980), code of practice for fatigue for
a double link type level luffing jib crane which has been operated since the crane was built in 1985 at a domestic pier.
South Korea. In addition, on the basis of the design life due to fatigue analysis and the number of cracks detected
from the nondestructive test, the structural reliability and the residual life of the crane is predicted by evaluating the
expected development of detectable fatigue cracks during the next five to ten years using Paris's Law for predicting
fatigue crack growth and Gaussian probability density function to be reasonable for stress ranges below the mean val-
ues determined by laboratory tests. The statistical data used for the analysis of the structural reliability and life
expectancy is given in the above referred code.
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Fig. 3.1. General assembly of the crane

68

Table 3.1. Loads and load spectrum

Trans,| ¥ | LS | LL | Total | Appied No. of cyckes(X10Y] perentsge
item | () (ton) 209 4% 6oz | (%)

Ore | 36 | 9090 180 17.0

Salt | 75 | 9.0 90 13.0_ 533
Sugar | 7.5 1 90| 551 145 _ 23.1

Grain | 10.0 | 9.0 | 60 lS.O—h 6.6

V' : effective volume of grab

3) & 3% 2%

Table 3.1 1 2 &% F59 857 Ao
o & 315 2HER S e o 3F =
HEYL 1985d 7FE o]F 174zt I ARE
olg 7Zo] WE Aotk o] EXE ZTAR ¥
3 ~¥EH AF K, 0898 A3t kel
A, 32 34 5}% LLF: 160ton0] Btk %7 3
e gz A4 539 05u's Hesian. A=
3% e 9 FE A FAF5H 33 359 Fol,
71 Fk& 24.0tono] HTh

33. M 7| AHEY
Fig 325 W2 A0 483 o5 A2y Aol
2 52 Yt 47 3] 29238 Yen

‘Total 1,500,000 cycles

Fig. 3.2. Design cycle spectrum
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Table 3.2. Allowable cumulative damage

Detil | |, Kaf(vem’) ™ cycle}

class 1 Ko Kl Kz
W | 3 0654 393x105 | 2.57x10° 1.68 X10°
G | 3 |0662] 605x105 | 4.00x10° 2.65x10°
F2 | 3 [0.592| 13.06x105 | 7.73x10° 457x10°
F 3 10.605| 1838x105 | 11.11x105 | 6.72x10°
E 3 10.561| 3495x105 | 19.60x10° | 11.00x10°
D | 3 |0617] 4239x105 | 42.39%10° | 16.13x10°
C | 35]0625] 11591x105 | 7244x10° | 4527x10°
B | 40 |0657] 253.69%x105 | 116.67x10° | 109.50x10°

35, 73X 24 R A TH AY

Table 3.3. Fatigue design life for each block of crane

Fatigue | Allowable Desi
Block detail | Memb. | cumulative | cumulative | R&= Lifeg'n
class | class | damage damage | L/K < 10°
LYx10° | K)x10°

Main jib G Ky 237 4.00 059 253
Fly jib G | K 418 2.65 1.58 | 0.95
A-Frame F2 Ka 5.33 4.57 117 1.28
Backstay F2 K 0.73 4.57 0.16 | 9.38
Balancing lever | W Ky 2.09 257 0.81 1.84
Tension bar | F2 K 3.66 4.57 080 | 1.87
Porial frame| G | Ko | 410 265 | 155 | 097

*unit of damage is (em®)’ cycles.
**unit of design life is cycle.
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Table 3.4. Reliability due to the number of standard deviation
for NN and %S

d R
S/8o
075 | LO0 | 125 | 150 | L75 | 2.00
025 | 648 | 476 | 343 | 234 | 142 | 0.62
R | 10000 | 0.9999 | 0.9997 | 0.9904 | 0.9222 | 0.7324
050 | 510 | 338 | 205 | 096 | 0.04 | -0.76
R [ 1.0000 | 0.999 { 0.9798 | 0.8315 | 0.5160 | 0.2236
075 | 429 | 257 | 124 | 015 | -0.77 | -1.57
R 109999 | 0.9949 | 0.8925 | 0.5596 | 0.2206 | 0.0582
1.00 | 372 | 200 | 067 | -042 | -1.34 | -2.14
R 109999 | 0.9772 | 0.7486 | 0.3372 | 0.0901 | 0.0162
125 | 327 | 156 | 022 | -0.86 | -1.78 | -2.58
R [0.9995|0.9406 | 0.5871 | 0.1949 | 0.0375 | 0.0049
150 | 291 | 119 | -0.14 | -1.23 | -215 | -2.94
R 09982 | 0.8830 | 0.4443 | 0.1093 | 0.0158 | 0.0016
175 | 260 | 089 | -045 | -1.53 | -245 | -3.25
R ]0.9953 | 0.8133 | 0.3264 | 0.0630 | 0.0071 | 0.0006
200 | 234 | 062 | -071 | -1.80 | -2.72 | -3.52
R 10.9504 | 0.7324 | 0.2389 | 0.0359 | 0.0033 | 0.0002

N/Ng
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