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Qil 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, The result show that although spectral density of IL

motion is not remarkable in quantity, the effect on the fa
adequately estimating damage by quarter—modal spectra

atigue damage is significant and existent fatigue damage models are not
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Table 1 Location of peaks

Location parameters Frequency [rad/s]
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o ocr*2.0

ABER| SBA AL 4 (1)2 20| 2 2 559

il
o| gtoz FHEICH ABEMHOITO| ZH2 AES AHIEZ{D]

0| 0| ALkSIc,

JSNAK; Vol. 53, No. 6, December 2016

515



1]
Im
U
o
o
00

AT ALF—’_AW'F—’_A(’F—'—A[L (1)
A
RLF = Aii <2)
Ay
Ry Ajj &)
A
o = AZ (4)
o A _ AR p (5)
0.2 0.2(Ryp+ Ryp+ Reop+ Ryp)
S _ A WE ATRVVF (6)
WE 0.2 2(R p+ Ryp+ Rep+ Ryy)
Sop = e Arlicr )
CF 0.2 2(Ryp+ Ryp+ Rep+ Ry)
g A[L _ A TR[L (8)
0.2 2(R;p+ Ryyp+ Rep+ Ryy)
MRS Ryr, Rer, J2|T0 RILE X B 25 1|3 ABER
Bix0f Cfgt SHe = 7380l 0 ISR Lok W

= 7‘5——' HA% I:l% e foy
—_rLOHA‘I HAE a2 ARS3IH 20 (Park, et al.
=2 Table 20f A2 s%C

M, 2t 2= m|39| AHEY AT Zfe AM|F= OIEP
E=E

12 olgat szl e

, 2015) 11 &k

Table 2 Spectral density parameters of peaks

Type | Type Il Typelll
(Tri-modal) |(Quarter-modal) |(Quarter-modal)
Ar 1,000 1,000+a 1,000
Rwr 107°8, 10°, 10°8
Rer 107%8, 10°, 10°8
s 0 Scr / 15 Eq. (8)
- (RIL: O) (Rn_: 0) (Ru_— Rer / 15)
SHH EME 2ol AHERS| HME2 & 37IX|Q| Hst
W= ARZSIRICE Type | 2 TZ{0] 1,0009! af=d ABEHO
2 Zgkek Flzo| 2= m3E TS| 2dem, Typell=
Type | o AE ABER| Sy NSl 2= T3S F7t6H

o] 0 i, S 2 00| =7| WzZof § 2 Sl 1522 1442 ¢l
XMooz AIZSIUCE 1522 15t2 ARdlM Sdket ISSH
of 2l ZESHol vlsh oh? Zchk= AR (Kim, et al.,

2016)2 1124510f MYSIICE AHEZS| B2 1,000+00(H,
ol o= ZSYE TIZ| FII2 Qlsh HA ZIIZoICh XIG7HA|
TRE(X| it Bakek ZE siAke e{shs Z0|7| mzof 4
=g AHER| Flxls BYe 7S 2= u3 HA oE
TypellollA 2{sh= Zi0] l2l&el o2t EekEIct Type
1t Typello| m2&AE vlns SeF o 13 050
S 20[X A|ARIS| w24 BZIIES It ok Z0| S&{0|
Cf. o= AHERDICE CHE 212 70 4] (6) 22 FelEch
Sep*0.2
=1 9

Tyee | 2} TypelloliMe= B4sF REo| 2= 132 FFo
e 2olx AlAHel x2S H| WS, Al AHER 7|
Z=o| Zfjod mEaA QUS| MEHEE HrksP| sl HEO|
1,0000! A2 ABIER Typelll2 Z7l6iICt m2sH4| 2
Eo| U|2F H|I Al ARRE= ABHEZO| M2 AL ZH2 7t

[ . E — HA
% SEHAHEH ofX|= S A2 ARSI, Ol AH
Eo| o Hisjol| w2 m|2as REEC| SRl wE Mt
TS ERISP| f/&olct (Benasciutti & Tovo, 2005). Z1&EX
oF Ja{El AHEZME 37IX| Type, 971K 2= T3 2| 2%,
T2 2E m3E°| 97K MAH|g0| =8lEl & 2437|X[0|H
O|E2 2 AFolA ARSSIACE.

3. AAIE Md R AlZIE

3.1 AlAIZ Hiole ¥4 & Alzk S=2 37|

O|AslEl AHEZ| CHSH AlZIEY TZAMEE HAP|
LlshiM= ﬁlﬁ!E%.* 2EE AAHES YMsh= 1Eo| Hes|

I£ 268 A1 (7) ~ (9)= 2ol FelofdtHeKinverse fourier
transform) 2 ARSSISICH

op7IN, 2 AES
S(w,) : Nl Fore] AfEAE

- RglAa=xdg
w . T o

m
o
K

TMeS=22 H|53 |6 = 2016 12



D neHw Wl

w n
0, ©nHm X9 9lak2t

Sife| AHEHOZRE & 3A1ZF o2 AAES M
o, Ful S22 7= AlEold Alzk Sete| mle| B
Ao LIEH-IX| =S FE5] 22 0.00025 rad/sE SIS =2
AREsIgict MEE ZOf Fules 20.5 rad/s0l0, E[CiFule
ot S Soll Altkel Fa 22| Ji5= 82,0007H0[ct. Al
Sz F7| d= ABEHS| x|aFT(et Azt F=9| HIgS

0.082 MMstn Al (10)2F 20| Al 0.024 s2 ZHE=ICt
(Park, et al., 2011).

0.08*27

dt = 20.5rad/ s

= 0.024s (13)

3.2 AIGH m2E AL

EAM EM = HAM(stationary)t o2 1=M(ergodic) 2
7| M= BE6H Zolel AlAEE
S S{ofStCt. Dirlik(1985)0] H|oksh B
| & 60AIZIC| AHES AASI0{

=2=2 oo

oI ASS2,

D, 1 60ARZE AR & Tzt

D, 1 3ARZF Ale] m2at 3t

Q,(n) : i) APIZMAO] AlREl TRI9| SIAZE ME

n . FIE MEo| Ji4(= 82,000)

4. EEIY S4dx| & m2&d 29

~
&
[m
o
o
2
[m
lo
rE
In

|
4
ofo| AHER REE CIST 22 mit AEY BHER Ligt
E

LEICE o7 1M Gk 34 AH|

ok o2t o= 00llA 1AI0] 42 T HXI=H 22| glol 1ol
IteTE AHERR HHY AHEZ| JRZD, gol ool 7t

e AHERle Hkel AH sl Jh2ct

0 = ———, 4y = ——— (16)

7 FRA 2 Gaussian) ZFHoll M= Bl A2t T|3o| vz
| T 3Fo(peak frequency) vPRE S| AIZHEH AE WRIQ|
|E=0l AEAM DRI (zero up—crossing frequency) vO+=
k=zt Zol MeolEct

VZL ﬂ VJF:L 2 (17)
p 271— mQ‘ 0 27T mo

4.2 Dirlik 22

ro

|'II

[

Dirlik 22 2|2IZ2PEAHE 0l&510] TAHE 3= Hel
| 225 Bt 7Hef Rkt & 71| 2 22|(Rayleigh) &S =2
Zlslol Akt grgAlolct (Dirlik, 1985). 2EAlg 7

o
2l a1t a2E FRHTE 5101 Al pRIoHA Auig)
S H 0

un H1 ok lo
125
N

1o
Jal

]—;ﬂ)‘z)

D piviir, = C (2y/me)™ | D, Q™I (1+m) (18)

+(V2)" T+ )

(D[ RI™ + Ds)

o7|M 2t AE2 chaat 2ot

Q(xm_ag)
D, = 5
1+ a5
1—ay— D, + D}
Dy = 1- R

Dy=1—D, — D,
B 1.25(ay — Dy — (DyR))

D,
1
my Mo 5
x"l =
mgy My
2
a2_‘rm_Dl
R:

1—ay— D, + D}
4.3 Benasciutti-Tovo TE!

Benasciutti-Tovo Z22 2|21 ZZTARS 05101 ALt

JSNAK; Vol. 53, No. 6, December 2016

517



AREY RS 0/83t 20IN TEshA o

E T 2EMT Drees Hel A 24 (range counting)S 0|33l
XS Al (16)2] Dre (Madsen et al., 1986)2F 41 (17)2] icH
o AHIEH AME D (Bandat, 1964)2] AlOIZL &= 0|3
S= z2do|ct (Benasciutti & Tovo, 2005). 37He| L&Atz
Al (18)1h &2 2ol olond, Alst sish &alTo A (19)9]
7tER| bgrE THS10{ AtiHoiA{e| m2&METF AYEICE

= Dypab' ' (19)

HC_ / az IFL 2 )

+
0

m m
0(2 2, ) F(1+7) (20)

Dpe < Dppe < Dyp (21)

() —ay)[1.112(1 + ooy —
62.11[124’(&1_0[2)

(al + a2))

Dpr=bprDyp+ <1 - bBT)DRC (23)
= [bBT+ (1 - bBT>04§n N 1]DNB

4.4 Pak, et al. 22

HIZ 7 1RA| kSl T 5ot 27) o) 2|
| 824 wel 2ZE Ak 2Ho|ct

(Park, et al., 2014). 03] Z=o| HHEE B2 5l

9| Ealﬂq_/l:; /\Ega on{ Zrjjod AHIER| Cfst ae|xol

=} | [==} —
Park, et al. RRIZFE Hi=l= T2

Park, et al. 2E2 4
2EE ”E“:g*" &0

L2&ale wreich P
EAEE 4 (21)2 2ot
dUJ €1 m m—+1
D= —2"(24/2m \/;O'GGUF(T) (24)

+ ey, D1+ 0)

)

+c, (14 5

o7IM AE2

CMH}? \/ CMRR )+4(Cwm CA[RR(B))
Curr(s)

. Curre) > Curpz), @2 < Cornnta)
slo| xzES BiEE 0,
cg=1—cy—cg
o = CMRH,(2) B QMRR(‘J)

y =

U%’i’uy <]' - URay)

o = - URuyC]LIHR(Z) + CMRR(g)

3 (1 - URay)

1

O Gau — Ve, (CMHR(I) T CoO0 Ray — C3)
JRa'y = Qy

Lin{x| 740l A=
Cl - ]. - 03

cy =0

3 = Chrn(3)

1
O Gau — V101 (C]URR(I) - 03)

UR(Ly = Oy

=&A5= ciaat ok
Curr(1) = Q2
CMRE(?) = g .95(71 .97

CMRE(B) = @) .5400.93%1.95

Sk Zisol| ofgh TA| AlAEL| m2dy SIIEE HIlst
AL Type | 2t Typell 2| AHEHSS O|&3IC =iaT
ALtz e 2 ARY m2drp|HE ARSIt YdE

AALERE S HIE AL of ARRet HRIZE2RRAM
o YUNE|FE 3-points YIZIF (ASTM, 1985)= ARSI
SN MEo| 7|27| me 392! #2ef 5ol APE mesigon,
2 o= AES ABHIERHD ALEE ABIEZO| SEjof| = I

— - Ao —

ELAT HI 70|22 KE M= 12 HoIFC) Typell 2
_?_E_I AAME| A IEE-IOI _LL|§ 74]:_ Type |oz _,_E-| AHA—IEl

oo —T1—1[1

w

2
o Curr) t \/GMRR(Z) +4<C]L[RR(2) B G«JRR(:;)) AHEZO| mz Zifoz LIR0| Fig.2et Zo| LIERIC
: 2 Typelle] AB=2io] st AIS BC )39 Zwe 7S B
Comnin) > C o, < Cunr) S 539 B|e 2F Cl202 2 Af0| IREE BF of2
©MER@) 7 HMERG) T2 O ) o ABER{0| HMT Typell7} Type | O Bl3| 37| mSof
518 CHBIRABIBI=2E] X532 X6 S 20164 128



Typell ABERo| m2&arrt O 322} of 58 4= 911 0
= Fig. 20iM 2E Z1} 7PEo| 1ECt 3ep= ARl
%= ATk Typellol ZYek XE 2= 1|39 HM2 U
2} 1/15 MER XloL} Zdfst RAIZ0 2 ols| Eyfst ul2E
o

Zolze O%R gke Zel 10~30% HEeS ¥ 4 ik

< 1.4

§ AA m=3
S 0O m=5
%1.3‘ o .

& ° o: ° ¢ hg °
=~ 127, ¢2OQA:°A§°°A°A °
= 1T oaa ‘%‘ oh g A 2
g .:‘A&)*,A‘ LAY X OE 32
SRR IR S 3 % " oa %o
$ o [Aa fRes [Tgageet
o & 9 o % o ]
EL 1.0 T T T 2 ™ T

I
0O 10 20 30 40 50 B0 70 80
Case Number

Fig. 2 Comparison of quarter— and tri-modal spectra
fatigue damages using the time domain
method

5.2 mz&et 2 Hlw 24

SR Lot e T|2EARES0| Y ALSEH AHE
Hofl CHEt m|=sHAd &EE% "Ik | £lsh Benasciutti-Tovo
24 Dirlik 22, 12|10 Park, et al. 2HE AR23I0] m|244H
TE ALBIRACE o] M| E%E HEH %anﬂ tiet o2
siAo| Mslst pulz  moisd)

Jeong, 2014). AI-RO S8 AHE %1% Table 2°| TypeIIIQF
Z2 Fefolch MAE AHEHS AIZKS
5104 AlpkSH SMEE T |§ S
D2 HAS EME G2 TIE SMEE |‘—r ZF-‘XiEF. O| ﬁf
ol 1ol 725 ARgEl 2| A==t =ctn o 4 Ut
Hetel 2ok A (22)3F 22

(Vanmarcke, 1972)0f| 2} LIERALCY

2
my

g= 41— (25)
Moy

Vanmarcke H._HE iz quHqu'— J\.\‘L‘IIEE-{Q_' jl_H;HodA-Im. 6i|;|.|
S HEMOZ LIEK= W2 1 glol 0ol ZMkess
they AHER0|DY, 10l T2 At NﬂEED*OIEh_
= Qlct m|Z&AET o ARSEES-N MEQ| 7187 mel 440 3
1t 521 = A<l tisiod Hrlsiiem ALt ZRk= Fig. 30f Lt
ERARACE Al Zojol| olstH mo| 321 (a)2] &2, Ml =™
oE 12RH HApL Dds A geolg = Aok 54,

Benasciutti-Tovo 29} Park, et al. 22| A< Vanmarcke

ﬂIQE ]I?.'_'

D(Models) / D(RFD) D(Models) / D(RFD)

e

El
ol

0

g

ol

=

i
m

-

ol
o

A

0¥ H1 ook o
i

10

Z o7t glol 2 FHolM ExpL TA LEGe,
oo o

Dirlik 2H-2 AtiM o=z HAP ATt mo| 521 (b)e] 2% =
AP HS O HHMM ARRE m2AARH0| AREE ABER
Cheh 2T MAEs| gotslx| geths Ag 2 5 U
Ch ol &all 2lolM AA Al BdksF Rs0| Tai{=H M=2
m2aAkptlo]| ZQsk

mo

& 5 ALk

3.5
40 O O Benasciutti-Tovo
3.0 44 A A Dirlik
4 X X X Park et al.
2.5
2.0
1.5
1.0
05 T T T T
0.2 0.4 0.6 0.8 1.0
Vanmarcke (Be\mdwidth Parameter
a
3.5
40 0O O Benasciutti-Tovo
30 —{A A A Dirlik
| X X X Park et al.
2.5
2.0
1.5
1.0
0.5 T T T T
0.2 0.4 0.6 0.8 1.0

Vanmarcke Bandwidth Parameter

ig. 3 Result of fatigue damages comparison for

quarter-modal spectra ((a) m=3, (b) m=5)

6. Z 2

ATOME 2loHe| TRAMEIL Al Mste] HFm,
Tk 25T RTINS By ASES offz} 7|
& Tajslx] oilE Fws AIS sAbIK| Dafsigict 2ol
SHAHERS Yrje AlSE AHEOR JYSI0] T
{ 9178 ZYSIGICE E3l, B 22l Detslof it

OlABIEl 20N SHSEAHERS FAISION, BY
So| 13 oi=o|l w2 2ol AlXEle| A B2t
solsp| Sisl OlALEIE AlSE AHERD ARE AHE
T2EMTE ARZke] TZshA| 7IHOR Hslof 8T

JSNAK; Vol. 53, No. 6, December 2016

519



sI3Ct O & =l oZM BTk
TIH A|AE Q| uI 2EMEE SN MEo| 7|7 et
10~30% M| xl0|E HCt £S5 iy AHER{S| nj2
£t sl Aof| ARBElE TZAMRESS ATKSINICE Tl
L2Er i AIZIHY n2eErias 7%*%3}04 mE&at A
= Atletl F S H|wslo] AT E m2&AnHol XEky
£ dIIeIct HA7rdnof <fshH AT AIE 2B EHo]|A
= 7|_7I._sg| _E|§_/.\_ALE|:1IE [ 7t4ol-o|.)(| O|-O|:|:| S-N ME2| 7|%
7lofl CiZisiche ARME 2 o AQUCE 2 e ZnE EfE
_>'<__§_ :'_H;Hod )\|E'_oi ﬁ == o” EHOH JHJHO|- _u.|§ AI—5|_|:1IC> 7|.|
sh= AT E SEE Al=oln, 2lolMel MA 7|Holl sidE
US Aoz Y2zt

N BT

oot

—|>

References

ASTM E 1049-85, 1985. Standard Practices for Cycle
Counting in Fatigue Analysis. American Society for
Testing and Materials International.

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, pp.109-127.

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

Bendat, J.S., 1964. Probability Functions for Random
Responses: Prediction for Peaks, Fatigue damage,
and Catastrophic Failures. National Aeronautics and
Space  Administration report on contract
NAS-5-4590, USA.

Chen, Z.S. & Kim, W.J., 2010. Numerical Investigation
of Vortex Shedding and Vortex—Induced Vibration for
Flexible Riser Models. Journal of Naval Architecture
and Ocean Engineering, 2, pp.112-118.

Dirlik, T., 1985. Application of computers in fatigue.
Ph.D Thesis. University of Warwick.

DNV, 2010. Recommended Practice DNV-RP-F204
Riser Fatigue. Det Norske Veritas: Norway.

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

Kim, S.W. Lee, S.J. Park, C.Y. & Kang, D.H., 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(4), pp.330—-343.

Madsen, H.O. Krenk, S. & Lind, N.C., 1986. Methods

of Structural  Safety. Prentice—Hall, Englewood
Cliffs: N.J.
Matsuishi, M. & Endo, T., 1968. Fatigue of Metals

Subjected to Varying Stress. Japan Society of

Mechanical Engineers, Fukuoka, Japan, 68(2),
pp.37-40.
Miner, M.A., 1945. Cumulative Damage in Fatigue.

Journal of Applied Mechanics, 12, pp.159-164.

Park, J.B. & Chang, Y.S., 2015. Fatigue Damage
Model Comparison with Formulated Tri-modal
Spectrum Loadings under Stationary Gaussian
Random PFrocesses. Ocean Engineering, 105,
pp.72-82.

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

Park, J.B. & Jeong, S.M., 2014. Fatigue Damage
Model Comparison with Tri-modal Spectrum under
Stationary Gaussian Random Processes. Journal of
Ocean  Engineering and  Technology, 28(3),
pp.185-192.

Park, J.B. Kim, K.S. Choung, J.M. Yoo, C.H. & Ha,
Y.S., 2011. Data Acquisition of Time Series from
Stationary Ergodic Random Process Spectrums.
Journal of Ocean Engineering and Technology, 25,
pp.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, pp.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, 267-287.

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

520

ChetEMalsl=2%] |53 ® X6 S 20161 12&





