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A Continuous Ship Unloader (CSU) is a facility in which multiple buckets rotate to excavate cargo from a ship to land. It is
typically designed to have a lifespan of 20 years. However, fatigue damage is likely to occur before the end of its
designated lifespan. This study aims to examine the possibility of extending the component's lifespan by evaluating the
remaining useful life of L-holder, a part of CSU, that has been in use for 20 years. Fatigue load history was predicted by
measuring the strain with or without strain at the L-holder part requiring periodic replacement. Through tensile and fatigue
tests, the remaining life was evaluated when cracks were not present. In addition, the remaining life in the presence of
cracks was evaluated through destructive toughness test and fatigue crack propagation test. Life prediction results based
on test cycles were obtained. The proposed guidelines are expected to be helpful for preventing CSU accidents.

NOMENCLATURE
o, = Stress Amplitude
O, = Mean Stress
S. = Endurance Limit, Fatigue Limit

S, = Ultimate Strength
as = Critical Crack Length
N = Remaining Useful Life
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Fig. 2 Experimental setup for strain measurement from L-holder
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Fig. 3 Compact tension (CT) specimen for fracture toughness test

62.5mm TAP - M3
deep: 3mm(4Holes)

S0mm

v
=S

— G.4Bmm

13.87mm

St s
=l 16.67mm |-
1©.

*W =50mm

— 3.13mm

10mm Gmm _'4_}"_

Fig. 4 CT specimen for fatigue crack growth test

olgste] Aaalect. T QIAAIE-S ASTM EI820 A4
of wet Ssyei R on, AHRE A FHe] X4 Fig. 39} 2. A
o] COD 7ol g A2kste] AlHE Sasiglon], Axe
ol Fato] FAAMLo] HolEE A} W2 d QA
F ASTM E64780] wjet s=asl9om, A@He] A4 Fig,
40 JePRt). m2A8%E 44 Cycle Souith FARA A2
2 2753 0|2 7|12 F BAlo] ALgsIr.

2.3 @HO| EMoIK| Bd= Al ZESF| of| S

Aol wtho] EASHA ke Al AET ] dlSelle S
WA vhold M2E i ANESH] WAHSE SHRlG vt
oy Wzl 2 A= EFARE AT WHEE] TisiA|
S Azl woll HolA] g w2 o] FAH Aol
whE= e dyshke Motk W WA ge] We
A 9] ol disto] MRS olSol=d| AR 2449
AL o gk

. G©, O,
Goodman equation —+— =1 @)
Se Su
. n, n n;
Mmer’srule—+—+...22—:1 2

Ny N,

o714 M WA o, o, S, S, 27 S| W,

g, 9 &23E, Q=S ou|Flth. oy A9 ni}
A7y 57 §9oll oA Aol 7 w2l vt
31420t wRuldol Hagh 9Re4F9] vHESlg=olrt. o7
A EA 282 Rainflow CountingS £3lo] =23 ZHe Al

SM490YB A|520] ARE Fale] e gk A47e] 4o
B 5 AR glol 13k LA ZHe B9 A2k sk,
1ech 22 A9 AbeA s =gl thete] ARt Qrdsithn
gherat 4= 9t

2.4 2G EXf Al ZEESHEO| ol S

g EA Al FAe] FEeE2 FARIGAES oo o
2 SM490YBO| TR/ 2|e}F w2 A AlHS Fote] &
2 SM490YBO A Q] XA &g vigo R o S5kqint. A
He Bt ARolA Lk FEe 4, A7E o 5 3
S 735 A9 wtujRld 9 BAje] F4ASE Bl A
Zdolg Antg 4= glon, FHAALEE o83t A w4
Zdol7tA] o] MHsh=t Hagt galse] w3, &
FES AR = Qloh zkEeT Aol AMEEH 8 A
ofeel Zrow, AJAISE =412 ASTM 14[7.817} H=E[91

)
£l
o
2
o

J-Integral J = J,,+J, 3)

.. _ 1 ch 2
Critical crack length ar= A7 @)

max

Remaining fatigue life N, = fC(ZCII()’” = = ja_ -
o 4 cnaF)m
(%)

Ifm=2,N, = 2 | L ]
% ao(mfz)/z af(mfz)/z
(m—2)C(AcF)"n

3. A™ Zu}

3.1 £ st=08 ¥
SRt S 9 o5 ol §3to] Akket 3
& Figs. 5, 63} gt B gulole] & uhebA 3)xds)
B/E Slewing BA|A] 71 & 32o] dAsh= 1S B}l
o u%lon, Yz AEL B/E Slewing A0 H|ste] At
Hog o g WA= AL FAT = 9l9lch BE
Slewing A Z Alo]A] F-2H|21d A3 2E vkl S o
L A% se719) FAS0] sk Ale EAE) A1y 7
7hE H(EH ] Section DA 7MY =& §Eo]
olgiet A L& WA Al AR L&) dA 48
o] 7Fg3t}.

Hehe AR Shefshe Fael ok A S FUYE o

i

b

]

18,

f

N

o]

e

et e

i



650/ August 2023

400 - Section1_1 - Section2_1 Section3_1
4 Section1 2 Section2_2 Section3_2
300 —- — Section1 3 Section2_3 Sectin3 3

T T T T T T T T T T T
o 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11 000( )
Time(s
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Fig. 8 Calculated principal stress using load strain history
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Fig. 10 Stress-Life curve for SM490YB and CT specimens

A ATE Hger 2AY 21e dAsiloh A
Aol FEAEE WG E AT A 7] 924
A Al P or Uehdy] miel JRHEE ViR
o] -2 (Stress Leve)d T ZA|HS 359l on, u&
Ade k] ¥ Al Av= Fig. 103 ) 1009 Aol S
23} A B3k o gasiglon, o2t SM490YB <l
A7EO] oF 70% Fto A yEh w=3tert EH NN =
[e]

mjO =0 kS Flx]l AL oF 4= QlgIT).
Sl g AS ol gate] A L-BElo] S A4l
olgfo} 2t} WA 127 B2AHL Edle] AS SN AR

| AA7HS o] gate] w2ty o &4l ool 2

e
o
o]

Gpax = 951.08-90.38 x logN, 6)

ARE Falo] AL s1Fo|o] s
qith. WA Table 19] 717 & S2lR9lel 210 MPao]

of SHEuIZ 0.12 7Hgstel AT Hrhgent Ha

ol v e

=

B )
flo ot

olo

MPao] ick. o2 21 W Ae] ot
ek of7)4 T PEe B 3
(7). ARATE ThA] T2 o EAle] Yshe A
8)x} At} Ak 42159l 1,082,181,668 cycles= 9
& 27| whge] Fapwolu], 14 Ee o]
ey olme, L-EHE A7) sl o
o pekech AR So] Ul £& AL & S Yy
£ 24 shgeled] Aozl AR estEt WA
olt}.

Y, ok
l

o

(]

I

0 ox rEl
o

=
H

AL
N

S, On_ | 105, 1283

S " ss4 =8, = 13456 @)

134.56 = 951.08 x logN, .N,= 1,082,181, 668 ®)

EORE ol el o]y WAS olgale] oEw L
eje] 9 A0Rt LTk Table 19] S 5ol U
(Range)7} SM490YB2] #| 23t=H} o
wrt 7o) shgol tfstel PREYS Sulsks Pt
et whepd eEeAre] A 0] Huf, of 1uth ke g

lﬁ
o
_9.

olng LSt FEpEe A Ao R sk,
n; _ 6683 6683 6683 13366 . 3562039
ZNI 0 0 e} 0 [s)
)
L 4470927 _ o
0

o9} Zro] % 71X HPH O & SM490YBE A|zE L-Zr]Q]
E74 780l thste] ol EAsHA] Y= Aol tigt 8%
7V e Aa oy B PR AS HEhSIoh o=
L-Ztfo] tiste] HAHAE 8IS Wl HHo] HEHA &
= A 20 FeF ARESIISOlE Eokar Qe Bk ofy

o WEsgo] Tatol] Ee] GORE Ak AT 4 S
2 ojnlgic.

3.3 o8 EXf Al ZESTH IFS fIt AldAz}

ASTM E1820°ﬂ whe} 3t T3 gAY AE Fig 119]]
eIt #HEeto] A2 (Compliance Method)d} A13HH
2 o)gafo] TR AHE ASHLO T, Aol AE A
Atste] Fig. 1] &7 Yebfi it

A atoloizel AHe] AR, WA 5 olsiel Jzka}
Crack Extension 3}& 5351Ath 42 S8 98 FHES 9]
#3l0] JRHES 2pgsigon Fig. 120 o] Lehigict. st
XS A7) ¢ste], J-RAES] Z= X (Construction
Liney& Z7f 0.15, 1.5 mm @324 gk ufj A4 Afo]€] Ho|HE
o1 5}0] AT I, o] HHHTHE F7I Regression

TuedHHE =
Line)o] A=Al 02 mm A A3} thii= A& =&3}
git}. o] Zro] ASTM E18209] A9.93HAI(10))S YHESHA Jic
ofm, o] 2 YHESLA] 2T A9 Joi WAL, 591 Ao



652 / August 2023

o
40 4/—— SM490YB_1|
35 4
30 4
Z 25+ . .
¥ Slope | Compliance |
Q20 35.68 0.0280
S 35.82 0.0279
154 35.65 0.0280
33.90 0.0204
10 4
33.50 0.0208
5 32.75 0.0305
3429 0.0201
0 T T T T
05 1.0 15 20 25 30
COD (mm)
(a) Sample 1
40
SM4S0YB_2
35 1
30 4
= 25
X slope Compliance
g= 4
b . 3566 0.026043
- |
15 4 36.62 0.027150
3714 0.026925
104 36.66 0.027275
5. 36.62 0.027159
36.36 0.027503
0 T T T T
05 1.0 1.5 20 2.5
COD (mm)
(B) Sample 2

Fig. 11 Load-COD curve for SM490YB and CT specimens
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Table 2 Inspection period for each grade

Grade

(Remaining useful life) Inspection interval

1% (10 years or more) Crack inspection/3 years

2" (6 years or more) Crack inspection/1 years

1) Crack inspection for one ship during cargo
operations

2) Inspect immediately when abnormal load
is detected

3 (5 years or less)
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