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Development of a new fatigue damage model for SCR’s
fatigue life estimation

Kim, Sang Woo

Department of Naval Architecture and Ocean Systems Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Oil and gas production riser systems need to be designed considering a
wide band quarter-modal analysis which contains low-, wave-, VIV(Vortex
induced vibration) frequencies. The VIV can be separated into
cross-flow(CF) and in-line(IL) components. In this study, the various
idealized tri- and quarter-modal spectra are suggested to analyze fatigue
damage on the production riser system. In order to evaluate the fatigue
damage increment caused by the IL’s motion, tri- and quarter-modal
spectral fatigue damages are calculated in time domain. And the fatigue
damage calculated from two different modal spectra are compared
quantitatively. Then the suitability of existent wide band fatigue damage
models for quarter modal spectrum was evaluated by comparison of
frequency domain calculation and time domain calculation. And also new

method to get reasonable fatigue damage from spectra is suggested.
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The results show that although spectral density of IL motion is not
remarkable in quantity, the effect on the fatigue damage is significant and
existent fatigue damage models are not adequately estimating damage by
quarter-modal spectra. So using the method used in existent fatigue damage
model development, new fatigue damage model is developed. Finally the
new model is validated through the spectra considering real environmental
data.

KEY WORDS: Quarter-modal spectrum Alg-3 2 E® Vortex-induced vibration
(VIV) &5 #71%%, Wide band loading 4ths 3&}=, Fatigue damage model 3] 2

=]
2w e Rain-flow counting method #ZZ--FHAW.
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Table 1 Spectral density parameters of peaks

Variable Value
Ar 5,000
B [rad/s] 0.2
Max freq.
[rad/s] 2
Ry 1,25,49
Ry 1,25,49
W, [rad/s] 0.05
Wy [rad/s] 4, 14.8, 25.6
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Table 2 Damage sensitivity results

Case - m.=3 - 5 m.=5 )
1 time | 10 times | 20 times | 1 time | 10 times | 20 times
1 99% 100% 100% 97% 99% 99%
2 102% 101% 100% 103% 102% 101%
3 98% 98% 100% 97% 97% 99%
4 102% 101% 100% 102% 102% 101%
5 95% 99% 100% 89% 97% 99%
6 102% 100% 100% 106% 101% 99%
7 101% 101% 101% 101% 103% 102%
8 104% 101% 101% 110% 102% 101%
9 97% 99% 100% 94% 97% 99%
10 94% 98% 99% 94% 97% 99%
11 105% 101% 100% 115% 103% 101%
12 93% 99% 100% 81% 98% 98%
13 97% 100% 100% 88% 101% 100%
14 99% 100% 100% 100% 102% 101%
15 106% 100% 99% 121% 100% 98%
16 98% 98% 98% 94% 97% 98%
17 107% 100% 100% 117% 103% 100%
18 99% 99% 100% 97% 98% 99%
19 99% 100% 101% 115% 102% 101%
20 97% 99% 100% 97% 99% 101%
21 100% 98% 99% 105% 98% 99%
22 98% 100% 100% 96% 102% 101%
23 93% 100% 100% 88% 99% 99%
24 103% 100% 100% 103% 100% 99%
25 102% 100% 100% 105% 99% 100%
26 102% 100% 100% 100% 100% 100%
27 102% 99% 100% 102% 98% 100%
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Fig. 4 Schematic of quarter-modal spectra
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Table 3 Location of peaks

Location parameters Frequency [rad/s]
WLF 0.15
W WF 0.5, 0.8, 1.1
W CF 2.1, 6.1, 10.1
WIL wcr*2.0
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Table 4 Spectral density parameters of peaks

Type | Typell Typelll
(Tri-modal) | (Quarter-modal) | (Quarter-modal)
Ar 1,000 1,000+ « 1,000
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5. 0 Scr [ 15 Eq. 5
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YAZELHANY d18]Z&L 3-points &gl Z(ASTM, 19858 AM&-3t4th
S-N ’dE-‘ll 71€7] me 3% A9 530 AS-E pEsidon, B Ages s
d =2HEHN AHEY 2FHEH] FH H’Jr% T 2ENE v AFo|BRE A
g AFE 12 A Typell 2HE AAHAE ~HEeEd vz ARgs
Type | &2 RE AAE ~"HEZY] 02 Afzgtoz o] Fig 59 o] 1}
ettt Typell o] ~AEQ] I 5 B 939 WY JIF RE 94
o AJlv EF HEERE Z A9 YEEE BT UEH AFAEY] WAL
Typell 7} Type I o ®l&) =7] wj&ol Typell 2 =
gt =8 4 93 o]= Fig. 594 =E Ad} gEo] 18t
Sl & Ak Typell o THF e ZE I

115 =2 2oy 9e 1502 8 2/ W=E F/hE: 194 ¢
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Fig. 5 Comparison of quarter- and tri-modal
spectra fatigue damages

422 92&4 2d Hln 4
AZMA Yot e JRELGRL S0 B AHEE 2FEH O

3| A E=E HYrEstr] 93] Benasciutti-Tovo =9, Dirlik =9, 183 Park
et al. B AEste] AE2EEFEE AAtsAh o] Al REE AHEE ~HE
Hol Ut mE& e HFe nd=z AHEAn = ZdEo|th(Park & Jeong,
2014). AFg3 AHEE ~HEZHLS Table 49 Typell ¢ 2-& dejo|t}. AAA
2HERS A AB2HAHES ARRSt ALY EAEE Ve EAEE
AAsiden 72 vzEdRd A d

ATt o] Fol 1o 7ItEFE AHEdE 2E Y A P =t & 5 Ao A
e AdbeE 4 3D 22 Vanmarcke W= = w7l 4~(Vanmarcke, 1972)9l]

me e
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Vanmarcke ¥W1E Z wj/jyiss ~HEH Jidda JAhIdH S AHFH o

2 U= HEE O gho] 09 77k S Fulg 2 E-e|H, 19 7te
5 Y 2HEHog & 5 Atk A=ELG o] AHERE S-N A x9
71271 me] Fto] 33 5% F Afol st BristRom AL A= Fig 6
of ettt A4te Aol oskd mo] 39 (@9 A, Al Rd nF 128
B #HArr dAE AS AT 4 ATk 53], Benasciutti-Tovo =9} Park
et al. 229 ¢ Vanmarcke W= Z v/l gho] & G Ao A ﬁji}ﬂ 3
A velsted, Dirlk 2de oz e=z #x7b Zokth meo] 590 (el H

AA7F OS5 AXHA AHEE J2EYRE0] ALY AT ER ] High «qi

St A4e] HrtEA Fete ASs o AdT ol S golA AA /‘1

THE Ueo] 1HHH A2 A2EdETo] eds & & U
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o

P
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Fig. 6 Result of fatigue damages comparison
for quarter-modal spectra
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51 JE2&EFEE B

et . mAe HABZZSAAPY o2 WiAel 2AR mdo] oy thd

30 mepe) 2ABkE g4l
=2

EA e dEEeAAYe ol2dd WAe HPsna stk

L] & AATZSAAR L Agsted A My
S oA ol e 2AEY Mg m, my, mp 2 m o= el 7Hgs)
HAHAN vzeds

Hol MEEYE ZldAd A¥3 7tEA bE

| E
ARl A(32)eF o] ek = v ZHAsH o] VM ES EdE Ut
A be vl MY 2HE" HEE FA4" oy, o o YA 2AHEG. o] B
+ A8 7Y B 2IAEQY FA A AHAE o] 8ot MEL WAL
2 fFRHo I A¥e 39 4 (183 ol 23 FH Y WA o E At
At
E(Dppe) =bE(Dyg) + (1—b)E(Dpe) (32)

3k the

oz} 3T Benasciutti-Tovo ZE@-& o8] AL42Q Foy ~HEH
FRHHOZRE FEHE W, B AFo s Atste FuUlY AMSE ~dHE
He FdY ~HEgOoR FAHE FUY 2HEFo|ERE ~HEY W H
Fo] 71ES =l gt s Aol FAHSIAT. olE ZAE bAFY
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Fig. 7 Schematic of spectra for model development

AR 29 EY WAL 5000019, Z+ ¥ =29 Z2 0.2rad/s, 0.4rad/s + ¢
E stk A WA = ¥ A= 2T B2 Fak4<l 0.05rad/sl
AASHAL, Al RA 2= w0 A= oRR7IE 2dE 7 Chen & Kim,

20100041 ek REo] 0.2Hzol A 2.0Hz ol A BARTHE He 1o
344 9AE et on, v WA mE H30 9AE A WA mE 39
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Fubgo] 2] e ZIEE HAASAT. F OHA 2= 939 9= A WA
ne J39 A HA R 33 Abolo 25%, 50% 1L 75% X ol WHES)A
AAANAG. 29 EH] FAZ Ars 4 333 Zo] ZF = I3 E9 HZF o
o7 FHHAY Y WA = J39 AHEY HUE ZHe A WA RE I3
o] 1/5, 1/20 F #< ZEF AAAT. ~2AEHEEY fhe A4ed 2FE

gu T——I(Park et al., 2015)9] u] WA

AT = Alst +A2nd+A37'd+A4th (33)
Alsf
R, A (34)
AQnd
R?nd - Alst (35)
A37'd
Rsy " (36)
S o Alst o ATRlst (37)
et 0.2 - 0.2 (Rlst + R?nd + R3rd + R4th)
S _ AQnd _ ATR2nd (38)
2nd 0.2 0.2 (Rlst + RQnd + R37'd + R4th)
S _ A37'd _ A TR37'd (39)
grd 0.2 0.2 (Rlst + RQnd + R3rd + R4th )
A ARy,
S4th _ 4th _ THUtEh (40)

0.2 0.2(R p+ Ryp+ Rep +Ryp)

AbEE 2FERDS] Wt O ghE2 Table 5ol Agstith HFH o= 9
A BE wase] 943, 277k RE wase] doid Amug, 2714 5e
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Table 5 Parameter of standard quarter-modal spectra

Parameters Value
w15t [rad/s] 0.05
wona [%] 25, 50, 75
w3rq [rad/s] 2.0, 7.4, 12.8
w 4 [rad/s] w 2.0
At 5,000
B [rad/s] 0.2, 04
Max freq. [rad/s] 26
Ryst 1, 25, 50
Rond 1, 25, 50
Rirg 1, 25, 50
Rutn Rcr/5, Rer/20

53 A AlEHolA R =/

FA AlEHeolAe FHL oA AFgd BE ~HEHEY A JtEA b
£ Alstste Aol 2(32)0A A bASo A IZEAE J|UXE
AeEstd 2 (ADe} Zo]l A"t b AFE BT Y EFOZHE A4Sty

=

Ao] Aolo] wat ofE F e AgSEAE Aol AFL ¥HA

- 31 -

Collection @ kmou



Dyppe— E(Dge)
EDyp)— D(Dpc) 4D

b:

o] bAFE ar8ta; Aultt A4t AnE FIW e WAL T
Aok 9727kA 9 BFE AHEREL o, oo HEA Hg® 2dEH
obd gl met 28 2HELESo|y] YR I gEo] BF gEr] Wi
W&o 9727}A ~"HEH-S 0.15, 0.325, 0.500, 0.675, 0.850 THA 7}A12] -8k
o2 Uirel £43Uth o mtth BR8-S AAEY] EIA 2 EGN
e Aol AHsE WA WF MR g2 2859tk O M o,
it} P E = A +E Table 60 YA

Mmook

Table 6 Case number for each a -,

Parameter Value
a9 0.15 0.325 0.5 0.675 0.85
Case number 69 62 240 432 169

97271A & ~HEZHJ ths] AHUDS 2 AA Axs Fig. 89 UeEh L
t}. Z2¥o]= Benasciutti-Tovo &S Zro] Yeldo] oz AxE g
AT}

XN
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Fig. 8 Fitting result of Benasciutti-Tovo
model and simulation results
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ZA 3o A Benasciutti-Tovo &S o] 483 ~HEH bAS9 Ay o

2 A% wHolw Yut. B3] SN Ax9] 71277} 30 W B} 5614 Q27}
o =3 BAEE S % S Yk BT o10] FS GHAME 0] T ¥
PRt o3k o 2o BASE oF B8 /12 mdo] P el 2 ~

HEHA o7} B aAtE AL & 5 Yrh

AEA b WMEE WE o), a9 AZE A7t Basy] g AAE
972744 9] Hlo] B 25 *Hi$ NEA 5B AosuA SAnh Aze =d

FEE SN A P AoASHOE, AT 2 dolele] W

ofy

@3t ojwf w#E S-N A5 7]&7]+ 3 )
AEETEdong AEFde U] g7 Wil 3o2 AAsd
S, =98
2 t
- (42)

Sf:i;(y,— Y)?
Y= %2\]11/
5= Ny

— (Y, (a+bz,)
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o
it

Akl AF88 ofe) 53 wdl F s Ame 7

< 2 Yehle 2HFE
+ Full cubic, Rational, Full cubic =

2] a1 Simplified cubic® A A&t o]

a
ol HaatsW e A8std fF58 42 243 ~ (o) 2o

ol

5 =—0.06—0.260; + 1.72a, + 3.77a; — 5.190; (43)
—1.710% — 8.73a3 — 3.64a 0, — 4.17T03 vy + 18.680, 03

—0.089+1.55x, —1.47
s = o o (44)
1+0.35z, — 1.31z,

5 =0.07+2.0le; — 3.530r, — 2.630% — 4.5302 + 9.060, v, (45)

s =—0.59+4.880, — 0.76, — 8:220 + 0.54a5 + 5.930 — 1.33a3 (46)

Table 7 Coefficient of determination results of object functions

Model Correlation coefficient (r) | Coefficient of Determination (r%)
Full Cubic 0.981 0.962
Rational 0.978 0.957
Full Quadratic 0.970 0.941
Simplified Cubic 0.955 0.911
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Fig. 9 Plot results of least square method for object functions
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2= A o] %E“dtﬂ Full cubice A=+ AW AFHL oymty HAVE 2
7] W& HZHe 49 FEl= Rational &2ty Addo. 1 29 =32
sAle] el 2dNF 2ok A2 ZYgH TSR Sp= WH T

 —0.087+ 1.59a; — 1.51a, un
Sar = T 14 0.460, — 1.43,

Benasciutti-Tovo =2 =Zd 3ol =}o]3-& Benasciutti-Tovo Ed o] R elof A
= 27HA AAZAE AESAT. A HA 2142 AWt o 13 e dAE ASF
o] HjgkS 1olth. ol AlgY Ao wekA Algrt 1Y & 5 g7

| =&
ot} T WAl AAZULE 43 o1 a7t ZE W bAFIE 002 AL St
Atk B AFolA AT B A o 7F A2 FHA A WA 2AE
kA @ ole 1’“7} 18t & W& 10111}{— RS T, T d
A z79

&3 7127] 50 A= o Fig. 103 2ol 7127 54E 3 1wy
AT, S za Aol A Bol 2ol FEL RE 345 on] 7]1&77t 242 ¥
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6.1 F4 A4 B AN A8y

MEE mae AA oA FEsH] B gAsAE A ol Ae
% AMEYE TAROD ST Wik Yo FAR2 A4S SYH
g 29ERS b Zlol Ao PHoly 7 Hld m: BYEe] TR, @
9%, AFPA, golAe] o] Tm BelA P F oly e -%H %

=¥ YA AF AU ad=e o dAass EAE

FE4E nEstel GUd Polde 39 89 sfEgos vy mde
gore 0] el ARTLL AEAY AFEAED Fi U

Fig. 11 Installation Status of offshore platform

=

(4] : http://www.offshore-mag.com)
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Fig. 112 20154 34 &, A AAAN &9 &, A4 &, A7 T S =
WES Hx d3s Yepd ARZ, F 16409 FF2 AdfA84 2

7F 11709] sl AAEHo] AL F5e Y Foluh. Table 8 Fi4 A+
AL B A o] A2 dge AAIS] vERd Aot

Table 8 Details of offshore platform installation status

Site Operating Under construction

Canada 2 -
US GOM 1 1
Mexico GOM 3 -
Brazil 39 -
North Sea 23 1
North Africa 3 -
West Africa 38 -
India 1 -
China 17 -
Southeast Asia 24 -
Australasia 13 1
Total 164 3

F4 ARAN D AZANE A AA A 1T A FA YA 53

A 4l F2 sl Aokelsl Bal, Hebd auly gEEsel wol A

ATk B ATAMNE 2HERY 2 B 339 94X MY A 44 )
[e)

5
dol BABEE TSR on, Mg BAsFe FIARONV, 2010F
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6.2 #7333 L= HA9 $X

6.2.1 9J3}5
34 99 F 9% ‘3}%9] A% 1008 F7] 3H2S 2AF oY, F2 99
o] gael g ~HEH v3 F7]E Table 99| YeEF ST

Table 9 Return period of 100 years’ s wave

Site Hs [m] Tp [s]
Norwegian Sea
16.5 17.0 - 19.0
(Haltenbanken)
Northern North sea
15.0 155 - 175
(Troll field)
North Sea
: 14.0 15.0 - 17.0
(Greater Ekofisk area)
Nigeria(swell) 3.6 15.9
Nigeria(squalls) 2.7 7.6
Gabon(Wind generated) 2.0 7.0
Gabon(swell) 3.7 15.5
Ivory Coast(swell) 6.0 13.0
Angola
4.1 16.0
(swell, shallow water)
Brazil(Campos Basin) 8.0 13.0
South China sea
7.3 11.1
(Non typhoon)
South China sea
13.6 15.1
(typhoon)
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3Z
FojE B4F o2 0.02rads ~ 0.2rad/s 90| THDNV, 2010). A F3+ =
A

Table 10 Possible maximum and minimum wave peak frequency in the main

seas

. Tp [s] Frequency [rad/s]

Site

Minimum Maximum Minimum Maximum

North Sea 15 19 0.33 0.42
West Africa 7 16 0.39 0.9
Brazil 13 13 0.48 0.48
South China sea 11.1 15.1 0.42 0.57

= 3= 12 g BAEogRE 7]odtl Table 99 U=
A A5 24 Fo Aol gA ARSE §Y AE7A 28t 9

g RE A% A9 A8E nestd Ao 93 o9 Ha W= 7B
o

%)

rr

2

]

H
oy
o
o
—
(e}
2
iy
o
=
32
-
N
)
18
1o
>,
i)
lu
il

F7] ol9e] e Fr|5o] FFER Exah} B AFAE 714

o= ¥ +
HANETE 2 93 Fo7E ATFHNGSE 13T Table 109 W&<
Faste] F HA BE 339 YAE AAs AT
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Table 11 Return period of 10 years’ s surface current

Site Surface Velocity [m/s]
Norwegian Sea
0.90
(Haltenbanken)
Northern North sea
. 1.50
(Troll field)
North Sea
) 0.55
(Greater Ekofisk area)
Nigeria 1.10
Gabon 0.91
Ivory Coast 0.90
Angola 1.85
Brazil(Campos Basin) 1.60
South China sea
0.85
(Non typhoon)
South China sea
2.05
(typhoon)

=
<
s
o
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(48)

%/\1- AgA]. <=1 /\]_9._5] a]_o]x-]_,] xl

3o
g A 200 ~ 300mm0]D‘r(HoweHs 1995). & dAFoA = ld A& LHsH
Fa

AR, 5‘45\“%%—% Table 129 231“43}%13}.
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Table 12 Shedding frequency of Cross-flow motion and In-line motion in
main seas depend on riser diameter

Outer Diameter 200mm

Site Current [m/s] | Cross-flow [rad/s] In-line [rad/s]
West Africa 1.85 11.62 23.25
North Sea 1.5 9.42 18.85
Brazil(Campos Basin) 1.6 10.05 20.11
South China sea 2.05 12.88 25.76

Outer Diameter 320mm

Site Current [m/s] | Cross-flow [rad/s] In-line [rad/s]
West Africa 1.85 7.26 14.53
North Sea 1.5 5.89 11.78
Brazil(Campos Basin) 1.6 6.28 12.57
South China sea 2.05 8.05 16.10
Table 1204 & Nso] DA AW F3F<= 12.88radlsolH Ha Fab<
ol A% ¥ A mE sask FEa AAA @ WA dgsach W
A RE 939 F 3F A% WY Fars 93 A5 e 2 2
2% %+ ATKIm et al, 2016. Ao, H& Y 15T SRAINF) FY
F39<=Z Table 139 A& th.

Table 13 Maximum and minimum shedding frequency of VIV

Current [m/s]

Cross-flow [rad/s]

In-line [rad/s]

Maximum

2.05

12.88

25.76

Minimum

0.50

1.96

3.93

_45_

Collection @ kmou



6.3 258 2HEH

6289 Nge HPOE FolAe $7 2MEYS] 2 BE =9 HAE
.o

MAEHPTH A=L ~HAEFHo AU

O

P 2HEY A= T4 422 ~ QNE AHESAT ¥ WA R 939 W
2 Z325(DNV, 20100 Faste] A MR == 539 WA vz
V1032 AHgatat o] Wia == 39 Wao] g2 RE m3 5 Hs) 4
2 2o 7S 7HA 7] wiEo] ~HEH FHZ myo S 500002 A

skl AALOA olE 7D F AEF A

.ﬂ

Table 14 Parameter of validation quarter-modal spectra

Parameters Value
wr [rad/fs] 0.05
w wr [rad/s] 0.4, 0.7, 1.0
wcr lrad/s] 2.0, 7.25, 12.5
wy, [rad/s] w cr*2.0
Ar 5,000
B [rad/s] 0.2
Rip 1
Ry 10—0.8’ 100’ 1008
Rer 10—0.8’ 100’ 10°8
Ry Rer/10

97}11 2 =259 A, VA BE Aa259] Az wRnEe] =3d
& 8I/HA 2HEYo] HFE& SFEHOE IHHUY. o] AFEHSS o
Qoﬂ*ﬂ oY eGS0 vs) A glolA e SHol sHua & 5 39l
=
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249 Dirlik =9, Park et al. 24 g3 AZE AEs 228 ALLste] 9=
AT E AR Y. AEE A2HEDS AYY T2 HE AFRS Al

Vanmarcke W= = w7 <o wel YelYt) I 2EAH 7)o AFE-S S-N A
=9 71€7] me kol 334 520 F A-gel o =
Fig. 12¢1 Ygido. Adkd Adel - sty me] 3% @9 A
Benasciutti-Tovo =23} Park et al. 229 A-$ 12%E #HAA/F g2 F »d
of s LA A& AT F Yok 53] Vanmarcke HHE Z wizfAF gk
9 & 2F9EHHo] FUY 2AER J7ks o AATE A UERGOH,
Dirlik =a3 MZ AdE 2de gz o=z Hxrh 2dth mo] 53 (e 4
5 S AA=d v 2l 25 125 Ax7F EAYSA R =
H 2de A o Al BEdlof uls) AHA7E 42 Holtk 5-oA dAFd uvt
=

MEE 2de A5 71€7] 3& o= /AdEIA7] ool

o

Al mdo] ws) g HolBL & 5 9l

g 2dolARt exrp A BAsE Aol ofyzt

BE mde] falA LT WA
o8 T3 olA MA A FPF AFo] AHAL W AL Q%D o]
ge mde Hal g NEENEE AND 5 S-S FHAAT
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Fig. 12 Validation result of new model

- 48 -

Collection @ kmou



A=

3

|

7.

4=
SE

S|
ax

FaTh. 2ol A o

f

°

2ol el 7w

| —

to] 3=

°

Aol A
2 7

o

%%%ﬂﬂwi_oﬂ_OMW%ﬁcmx%E#
e T P SRR
4y ™ G T T P T W R Y o
Nog w @ M EHTTH @ ho @kl T
Wog 05 2= FTUHTLHRTFT o
o o P N oop ™ W <o o o R A 3
4 z o N % om oz B A = ok i P
E.*‘.%ﬂw_ouq_uEE:T&&&MEWHQ%HT&OM&WE
0 = A o H o )
ﬂ@%ﬁﬂﬂzmﬂww%%@%%ﬂﬂ%ﬂ
Mmiﬂwuwﬁwmﬂw%%u%mﬁw%Aﬂ_wll@_mﬁ
T B 2oy R DR wm A
A&%ﬂﬂ%%ﬁﬂzﬂ%@ﬂlﬂe_w
S T - B B YT
TR AT YR pa Nyg T s
W™ T EE B ]]_61%0:;05 o
w U R R o ® L B
o — = f . g al
FESST RIS ISP S
_ PLﬂHl ﬁoEMMATi%E }Aﬂa
w@_]._oWﬁge%ﬂ\ﬂ%%%Lmﬂﬁ%%&
o )

7 A I A B - B T L
<H _.E WE ~ o X E._ _.\i ﬂA.l - nty ,.:,._ A .Qx_
W ol o N o do W H z Y Boe oW
N BN oo R R T g o] X s P M
@ﬂ%géoﬁamﬂw&m%ﬁmﬂﬂmﬁﬂmﬁﬂ
%%ﬁw.@%@@ﬂ%ﬂ%ﬁ%%%Tw%
w "M " oo Gl i R G
pZodTpredpde DGR T
o B O S W O A S B ] T < 7
o _ T T e Tl gt TN LW
o P H W x®m B NN T E R 2 ~
. o T ﬂl E_ T 3r c_a Mo T B3
T o N o T T W OF T oW X % o
BEWw XTI ETAT PR RT TR

2ho] A

L
T

- 49 -

o BdE By #

=
—

g Al 7

Collection @ kmou



3

i
rl

ASTM International., 1990. Standard Practices for Cycle Counting in Fatigue Analysis. American
Society for Testing and Materials, E1049-85.

Baarholm, G. S., Larsen, C. M. & Lie, H., 2006. On Fatigue Damage Accumulation from In-line and
Cross-flow Vortex-induced Vibrations on Risers. Journal of Fluids and Structures 22, 109-127.

Benasciutti, D. & Tovo, R., 2005. Spectral Methods for Life Time Prediction under Wide-band
Stationary Random Processes. International Journal of fatigue 27(8), 867-877.

Bendat, J. S., 1964. Probability Functions for Random Responses: Prediction for Peaks, Fatigue
damage, and Catastrophic Failures. National Aeronautics and Space Administration. Vol(33).

Chen, Z. S. & Kim, W.J., 2010. Numerical investigation of Vortex Shedding and Vortex-induced
vibration for flexible riser models. Jouranl of Naval Architecture and Ocean Engineering, 2,
112-118.

Dirlik, T., 1985. Application of Computers in Fatigue. Ph.D Thesis, University of Warwick.

DNV, 2005. Recommended Practice DNV-RP-F204 Riser Fatigue. Det Norske Veritas(DNV),

Norway.

Jiao, G. & Moan, T., 1990. Probabilistic Analysis of Fatigue due to Gaussian Load Processes.
Probabilistic Engineering Mechanics, 5(2), 76-83.

Kim, SW., Lee, S.J., Park, CY. & Kang, DH, 2016. An Experimental Study of a Circular
Cylinder’ s Two-degree-of-freedom Motion Induced by Vortex. International Journal of Naval
Architecture and Ocean Engineering, 8(5).

Matsuishi, M. & Endo, T., 1968. Fatigue of Metals Subjected to Varying Stress. Japan Sodety of
Mechanical Engineers, Fukuoka, Japan, 37-40.

Miner, M. A., 1945. Cumulative Damage in Fatigue. Journal of Applied Mechanics, 12, 159-164.

Park, JB. & Chang, Y.S., 2015. Fatigue Damage Model Comparison with Formulated Tri-modal

_50_

Collection @ kmou



Spectrum Loadings under Stationary Gaussian Random Processes. Ocean Engineering 105, 72-82.

Park, J.B., Choung, JM. & Kim, KS., 2014. A New Fatigue Prediction Model for Marine Structures
Subject to Wideband Stress Process. Ocean Engineering 76, 144-151.

Park, JB., & Jeong, SM., 2014. Fatigue Damage Model Comparison with
Tri-modal Spectrum under Stationary Gaussian Random Processes. Journal of

Ocean Engineering and Technology, 28(3), 185-192.

Park, JB, Kim, KS., Choung, JM,, Yoo, CH & Ha, Y.S., 2011. Data Acquisition of Time Series
from Stationary Ergodic Random Process Spectrums, Journal of Ocean Engineering and
Technology 25, 120-126.

Trim, A. D, Braaten, H, Lie, H & Tognarelli M A., 2005. Experimental Investigation of
Vortex-induced Vibration of Long Marine Risers. Journal of Fluids and Structures 21, 335-361.

Vanmarcke, E. H., 1972. Properties of Spectral Moments with Applications to Random Vibration.
Journal of the Engineering Mechanics Division, 98(2), 425-446.

Wang, K., Tang, W. & Xue, H., 2015. Time Domain Approach for Coupled Cross-flow and In-line
VIV Induced Fatigue Damage of Steel Catenary Riser at Touchdown zone. Marine Structures, 41,
267-2817.

Wirsching, P. H & Light, M. C., 1980. Fatigue under Wide Band Random Stresses. Journal of the
Structural Division, ASCE(American Society of Civil Engineers), 106(7), 1593-1607.

_51_

Collection @ kmou



	1. 서  론
	1.1 연구배경
	1.2 최근 연구동향
	1.3 연구내용

	2. 확률과정의 특성 및 합리적 피로손상도 계산
	2.1 스펙트럼 모멘트와 밴드폭 변수
	2.2 시계열 데이터 생성
	2.3 합리적 피로손상도 계산
	2.3.1 스펙트럼의 정의 
	2.3.2 시간영역 피로손상도 계산
	2.3.3 수치해석 결과


	3. 피로손상모델
	3.1 Dirlik 모델
	3.2 Benasciutti-Tovo 모델
	3.3 Park et al. 모델

	4. 광대역 사봉형 스펙트럼의 형상 및 수치해석 결과
	4.1 광대역 사봉형 스펙트럼의 형상
	4.2 수치해석 결과
	4.2.1 삼봉형, 사봉형 스펙트럼의 피로손상도 비교
	4.2.2 피로손상 모델 비교 분석


	5. 새로운 피로손상모델 개발
	5.1 피로손상모델 관계
	5.2 표준 스펙트럼
	5.3 수치 시뮬레이션 및 모델개발

	6. 모델 검증
	6.1 부유식 원유생산 및 저장설비 설치해역
	6.2 환경하중과 모드 피크의 위치
	6.2.1 파랑하중
	6.2.2 조류하중

	6.3 검증용 스펙트럼
	6.4 검증 결과

	7. 결  론
	참고문헌


<startpage>10
1. 서  론 1
 1.1 연구배경 1
 1.2 최근 연구동향 2
 1.3 연구내용 3
2. 확률과정의 특성 및 합리적 피로손상도 계산 4
 2.1 스펙트럼 모멘트와 밴드폭 변수 4
 2.2 시계열 데이터 생성 5
 2.3 합리적 피로손상도 계산 6
  2.3.1 스펙트럼의 정의  6
  2.3.2 시간영역 피로손상도 계산 10
  2.3.3 수치해석 결과 11
3. 피로손상모델 15
 3.1 Dirlik 모델 15
 3.2 Benasciutti-Tovo 모델 16
 3.3 Park et al. 모델 17
4. 광대역 사봉형 스펙트럼의 형상 및 수치해석 결과 20
 4.1 광대역 사봉형 스펙트럼의 형상 20
 4.2 수치해석 결과 24
  4.2.1 삼봉형, 사봉형 스펙트럼의 피로손상도 비교 24
  4.2.2 피로손상 모델 비교 분석 25
5. 새로운 피로손상모델 개발 28
 5.1 피로손상모델 관계 28
 5.2 표준 스펙트럼 29
 5.3 수치 시뮬레이션 및 모델개발 31
6. 모델 검증 39
 6.1 부유식 원유생산 및 저장설비 설치해역 39
 6.2 환경하중과 모드 피크의 위치 41
  6.2.1 파랑하중 41
  6.2.2 조류하중 43
 6.3 검증용 스펙트럼 46
 6.4 검증 결과 47
7. 결  론 49
참고문헌 50
</body>

