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Comparative Study on Wave Induced Fatigue Analysis Methods

for Steel Catenary Riser
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The purpose of this study is to suggest guidelines for riser fatigue analysis in terms of selection of reasonable analysis method, Three
analysis methods (spectral, regular wave, rain—flow counting) are introduced and compared, As the riser systems give non—linear
response, the time—domain analysis method is more preferred than frequency—domain analysis method, The spectral fatigue analysis
method, however, is still useful for identifying fatigue prone areas, Once stress RAO is established, fatigue damage can be calculated
very quickly, The regular wave method and the rain—flow counting method are more time consuming but give more exact results
compare to spectral method, In case of regular wave method, a set of regular waves which represent random sea states is considered
for dynamic analysis, The rain—flow counting method is the most intuitive and exact method because it refers time history stresses
containing most of non—linear effects of the riser system, However, it is not common for early design stage to use rain—flow counting
method because of its high cost, In this study, it was confirmed that the regular wave method is the most cost effective way in specific
cases, However, if the system is highly non-linear, it seems that the regular wave method gives less accurate results than rain—flow
counting method, Therefore, it is imperative that the engineers select appropriate analysis method based on design stage and given
engineering period, This paper also discusses the theoretical background of each calculation method and hydrodynamic aspects of
marine riser systems, A steel catenary riser (SCR) line on FPSO was considered and marine dynamic program (OrcaFlex) was used for
static and dynamic analysis,

Keywords : SCR(AE! FIE|42| 210|X), Regular wave scatter diagram(T2II} ML) Rain—flow counting(ZlIQIE22 7128)).
Spectral response analysis(AHEZ SEGHAY

1. A—I % (Gonzalez, 2005). &2 H&2] A<, DNV(Det Norske Veritas)

== API(American Petroleum Institute) SOIIAM 2l0|X 2

ool st 78 S MAIBHD ALt TIsat 27 Z=Hof| of

2lo|X(riser)= MR T dAFY SOt WH =X Ze=z T 5t 20| EH—'?'——,v_—O|E§ AlR| 2lo|A AMA T "rjoll= B=5t
THol ZHEDE of2}t MAESH m|=24 50| SE=|ofof $iCh C}. waph AR 2o|X AA= siAdol| 7|uksiol 2siE|T 9o
2j0|X m2dsgriet pEst U= sheloll HISIY e o A40| 549 QIX|L|oE 7 ®MEF U siAM7 | =X}
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YHES H|w X AESH] FE oKL = HAZZHE”
Ax|oE 712 o& 2fo|xf mZolA Al Ofi et SHA17|HE At
B5lo{of Sh=X[ol| Chstof 7|ES MAISHRA} it F7|74e| of
HAEfet B2 ol siMS ERZ sk ulZsiAel d9 iy
Al2Eo| SESMo| gt nEo| EaHolnd J0f wE HEE
a7 || MEHo| ol SR23P| mzolct ek 2lo|A =2
siA2 2lolX dxgrt 7|sel thFES Eelsi %'% 2t of
L2t 2lo|xzte] HERA|, M| & 349 of

T iR ARSI RS 2AE 2k UCk wi2fa
s 7|&o| == T|EF 2j0|X XL 7|snte| oA EH
OMT o Zoictn & 5= QU EP

2lo[xXol| 2-8sk= stEe2e LRERAO 2ot staxt 2kyst

FO2 L F =l Y 8%Oil oI5 ¥&ko| X[EjAo|ct. 2jo|
Xol| 2k85k= stz =2 st siR{curent), FRF2| A
S, iRl ofst ebF S0| Ut EHAsEE0| 2[510 LEl= |
E2RUSNoZ = H[MEN 'rTIﬂEE‘% MLt 1st order 5= 2 A
&, low frequency e, F5A12 A=Z>U(springing) 22|12
oFof olst s S0l U2 o[2{st siaES M| oS5t
J0f chet nE2&AE oEske A2 i STSi oyl
(Mike Campbell, 1999)

2 dFollM= FPSO2t SIXME st U= SCR(Steel

POIH JLIE

LI

_|

Catenary Riser)oll T304 1st order K5 & HsSS n2fst 0|2

siME FAsIRict LERAlel 29 O gaol ojo| sictn

Chien] efFel gake & =20lA JHI*I b= siA7|HEat

A 7|A Ko7} AT EEtE|o] =5 od70f Brde g

olct. eirol| ofst m|2&Ae| AR EFOIH AlARe| DREESS

of sliFel YWEHE 12st RESHHE 510 Holshs Ui
7R e

(Leverette, et al., 2003)0| da| ¢eid ol 2 ==olA
Ta{sk= slietmlol| ofsh mZ2aA Zujol| FIIMOZ Agsh=
L Z&AM0Z 04ZICEH

1st ordersl®E 2 H=e fa|=ist | A| T} MaxMo

2 3ok =2Fe=EM 2F 3, 7K5E, motion
RAO(Response Amplitude operator)S0| QUCh H[MEA | ow

frequency HS2} AT2IQ] SiAL2 T} AHERO| Folx HOIS
HolLls SIEMES M 0| AA| FFoi70f iyt of
Holct,

2 A70lME T ZM S I510] AB E-EH(spectral method),
AT (regular wave method), rain flow counting® S M| 7FX|
Belie] ALEHS &I o0 O ANES dlwet T 2+ Uiy
o| Z/ciE nEksigien] 2t siMY |l BHE o2 Malst
Act mZsfMol| TR AAR 2HY HH o4, & 3=
S ¥ 240 AHM2 A8 S/W OrcaFlexs 2851t

1.1 2l0|N A|ARIS| Z/2t SCR

2lo[Me a2l FEll, AKSel =4, 7|5tet &4t Sofl izt
o{x] el 2 EREC 2o[XMe £RAe] ASS S35k FE
of w2t 3H Free hanging 2l0|X2} Top tensioned Zl0|XZ

T2 & = Uk Free hanging 2l0|X{e| Z< £R4lel HES
2lo|X X2 MES S50 Fok= WAlo[n{ Top tensioned
2l0|X= tensioner2ll ste S ZH|E S5101 FRA2 HS
2 &55k= 2ot

Free hanging 2lo|Xe| ZFZ= SCR, Flexible 2I0[X,
Offset free hanging 2lo|x So| U0 F=2 Mafof X122 of
FHo| BRio| 55k tez SEct sHH, /o 7|
HLt MK E "°'0|— H&k2 sP| T sh=d| 01E Injection 20|
Xel st

Top tensioned 2l0|Xe| Z< 4 5H°| g siEHez £
Sohe IES sP|T ofX|oh T2 =2 2lo|Xol| HE== el
olct E2 mo|ZE Sst0 ‘ITX-IOE L2f7t 223 HEE =
2 mo|=et =2 2o[X| Alole| Z7Hannular space)S S350

CiA| 272 Soted| ot welM =2 2l0|Ke HES| &
gl- 71§E|.__,|_ Sk 2~ O|O|:|:| EElEIOl X_||-%| ;g/\l- OI—A OEX l_‘l_(_)_l

HENE RAISIo{0F SIEZ QlFElE RS dAEn YFHS
2

>

=
BHX| 2lotof Sich miElA, 2lo|A Aol 2{X|Et top tensioner
2h= E3dol| o510 X|X|== HEHE

ol & & od7ollM 12fst SCRe 7k 2uido|n 2=
free hanging 2l0|MZ2AM R0 sHA7EK| RS0l 2lstd =
0iM Q= EElS H|1 JCk SCRE FAME Al 71 2|
Moz Jgi=l= galolh| 1 olf= MR[H|80| ctZ 2lo|Xof
Hslo] AHMoZ 7| uf2o(ct

sA] B I sAtAE

fle

af Kﬂ" FPSOO|0f 20|17t 370 mo|1! & Hii
k2 of 231 800§0|'3'4 275 T FPSO2| 2 M
2 Table 11} &} Table 29F 32 SCR ¥ Lazy wave SCROi| A}
OI X oix{He| oiEAE Halet Zolch
al E|—O|X-|°| X-IE‘— Ea S I:II _._7| 0101

=% 1E1EIM I%% FEHoz L5l ESSICt

Table 1 FPSO information

Parameters Units Value
Length m 370
Breadth. m 50
Depth. m 30
Displacement ton 231,800
Draft m 11

2 ATollM = Fig. 10l LIERH Biet ZHo| 2lo|xe| 7|stst
& Helol| w2 ZulE d|wsl| 25104 simple SCRT} Lazy
wave SCR ZHEIS FMSICt ety oz SCRe| mZEA2
TDP(Touch down point — 2l0|&2} siM™ Zte] ME X|I&)of|A
7k 3A LEk-= o] 2EEo|ct (Campos, 2001).
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ul2ksi=o] 2|8t Steel Catenary Riser Ll2&AF Ty} giHo| H|WZAE
Table 2 Length of riser configurations of e LiHX[e| ZS bare 2l0|&0IC}. Lazy wave EIR!9]
Unit (m) Simple SCR Lazy wave SCR 22 320 m F21ol[(1640 m ~ 1960 m) Zx{ F=4x|7} L&t
Total length 2450 2480 of qictk 2lolx2e| Anchored point= 5 2l0lA| El! 25 FPSO
Upper section - 1640 —O—l {Izl\_tg'gkgi 1400 m0|'3'4 6|'|X-II:I|_:177|'X|—Q| _JF/E!% 1500 m Ol
Buoyancy 320 I:l'. 6|'|X-II:I|_49‘| 70:‘—?— :I'Li‘llﬁn.il g%ﬂ EHX-IQE% %7| O'IE#'%\jl [[H
section 20l BEsicl 7dsich
Lower section - 520 I| 2l Mol Zest sflAAlele| A DNV MZolM FAlsHE
Horizontal dist. 1400 1400 North AtlanticZt World—wide wave scatter diagrams 11245191
C} (Det Norsk Veritas, 2010).
Table 3 SCR data silA Al D2ist ofiRel 29 22 MHSIFoLt sitH 2
: golAMe] 27t 3o 71510 Fig. 22t 22 &5 EXE 1
Parameters Units value SAsioct
Internal diameter mm 158
Outer diameter mm 203 100
P
Riser wall thickness mm 22.5 -100 P
e
Young’'s modulus GPa 204 300 P
Fd
Bending stiffness(El) | kN-m? 10.81+E3 e
— -500 v
Axial stiffness(EA/L) |  kN/m 2.60+E6 : iy
Torsional stifiness(GJ)| kN-m? 8314 s s
Sea bed friction 3 04 = : R
(Normal) ’ A
-1100 I
Sea bed friction (Axial) - 0.3 —_— ]
; [
Note) E : Elastic modulus, G : Shear modulus we |
| : Moment of inertia, J : Polar moment of inertia Aecs !

-100

-300 - Lazy-Wave SCR

—Simple SCR
-500

-700

Water depth (m)

-1100

-1300

1500 — - - -
0 200 400 600 800 1000 1200 1400 1600

Lateral distance (m)

Fig. 1 Riser configuration

Lazy wave SCR2 Zl0|X2| X F7lof FHME F=ks10d
o3 A

=
=
2lo[xo| TMHel dag w2l SHolM Ralet gdeez

FAIAFHAT= el SCRolo TDP Yol & 3Z=40] simple
SCRol| H[sto] LA LiERdCt & 2lo|x Efel 25 Marine

gowth X[ & 2l0[x7} sfrHo 2578 38m 77+ St s %] =]

1] 0.2 04 06 o8 1 12 14 L6
Current Speed (m/s)

Fig. 2 Current profile

ntetzol| thst £-RAe] ASS Hedsh| /510 ¢l ofn
ol tiSsh= FRAS] HE SME LiER= motion RACE &
25t gxl=2dst siM(frequency domain hydrodynamic
analysis)ollA 20iZl 6XFFE motion RAOE 11 o™ mzt
T FRAlel M0l HES AHdke £ Uen] Al (1)1} Zo|
FHEICH
X=R+ a- cos(wt—¢) (1)
0{7|M,

= FRAeAHAS
a© T1l(wave amplitude)
wE LIl(rad/sec)
te ARZKE)
R,¢= RAO amplitude % phase
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J{siofof Bt SRRk = =29

7H Sot 1t walo| 582
Sx2 gZsiAP el BIZE0IDR F2 Tl Tt HEHA
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3.1 2lo[A AlAHe] I 4

7| o ME A0
ol ol$t &&d(drag force)

=<
BN B o

2 2= 1o WA M sl M(nonlinear  static
analysis) S &o104 AIXSICE &Edo| A< slRel SEHst U
g 47 g oR AEsIX|g sl 7oL Ydsictn e 4
? MMo=z =igsict 2lolke A siMe| Znjof wzt =)
o] Zy=|o] Z™E 2jolxel A HEelxl= l=siM &
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7|-I:;HA~IO.|| o osh G| 5HA-IO| AlII»K-Iol El_ |.

3.2 2jo[X AlARe| 3H oY

2l0o|x A|ABIS| X A2 sl kmo] o|sto] TRl 7|FI=
off olst £RrAet 2o 2felel HE2 "ot 5P| 50 3
ol Moz sftulZ oI5l Wistke SRA 2l 6AME
7%%% FoEEdolMe| FAlsYeEt Moz Qlslo] AME
535 2| motion RAO, QTF(Quadratic Transfer Function) %!
x1|34 H==(added mass and wave damping) S2 S50 24X
Ch. CHFE2 2lolX siiMel A MM 11E 2Ist0] AlZt
YsiAMo| Lestaz AY| Fukrgdel 22| S AlZIEY

olM &2 JHsatE= Hsksiodof Sict

rok

rs! :|0

SHH X SiAE S50 234 S2e e 2lolX
2 A TAL| Pek2 xelel= ZSE coupled sHAfol2tLl Siod
2lo|Xe| Hsts M2|st ARE de—coupled sHAfol2tl St

4
(DNV, 2010). Coupled #A1S 483t A9 HRAS Zekst 2}
oIy U ARzIele| Fat2 a0l

W0

73

o} o41tz|o] U= low frequency ! high frequency

2HErs 4= Qlr} SIX|2H de—coupled 442 ?5’5:’-

silAMAElS| mTel hSshe FRAS HSTE

=iy

254 ol2e| 2ol g5k FAlSYEN

H YR £ 2 JESTo 282t ti8shs =int 2R (inertia

force)0| n2{=lct 2hAM24o| A< FroudeKrylov force2t £7 &
22(added mass force) 22 LIFOZICE 2felof| 2-&25k= 0|21

F 5132 HER2 coupled ailA A| BiAlel Aol &g Fot
S| Hazt EF°|9| 7130| SEEo=Z A2s101 2lo|X

Al2EIel S iAol sreli=|] LM 2jo|N SHLAR|| A2t

—oTl
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Fo 20
e o 0
o =l

E
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olollMe] B3 S2SEE B8 + Ut POl SN gaisw
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3.2.1 De—coupled 3H4

De—coupled siM2 F5x2] HS oS0l 2lolxe| dsks
SR gkl BRXel 2EEMUE 1o HES2 o
= 7|HoZA OrcaFlex2| B motion RAOS ARSSICH &l
S5t Mol YOZl Fof= 8 motion RAO= EH Zof|
e 272 Hs SEoICk Motion RAOE ARZAP AlZiO]
2Hoi| 2| Mofgh ot MiEof| MEMo= Li3A7 FRAS Hs
2 Telct sliFel 29 I8 sEez Aaltict

HRAE Zeholk| 22 49 2lo[X mZaiM AHlizne| 2
RpF dbdet 4= UCt 018 E™HFY| 215104 AHIFA ol AdofA
HO{Zl mean drift offsetE motion RAO2} EPH| MEsh= 1

o| de| &2Elct =5 A 43 ofXof| mean drift offset2
ol2| Meolsto] AFAHZS Hekg Ze7] = & A2 35t
= dAlolct of2fst BHAlo| A s %‘oﬁHZ‘IEF slifAY At

ol CHEt 2Xk= 0415| EXHsi sijAle] Metro| dekg & &
RUCE M=ol AP {7t Eckl TEHE Aolle ARAIE
Z2t5101 Al TSk coupled siAlS S@sh= Zi0| BIZt
&lsict,

2 7oA =

I 25A7 | H|wE 2|SH sl ckesteE 9
sfo] A7kl & mean drn‘t oﬁ‘setE e 16}7( o
motion RAOS S35} £

(o]
—

o HEE E3el 2

+ sict
= of HUs 42 Slstof AX AR2I 2 2olNE 2Y

o x5t & 7St siAlS $545101 motion RAOE Y1,
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3.2.2 Time domain simulation
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ol E7 siAMELE 112{5l0{0f o= &
%EINIHd%Hinverse fast fourier transform)3tod AI7 tdodof| Clist
= Moot =& mle| F< rain flow counting &
MEbsich A me| A ml AHEHS f3 2
Ao QLROI— o 2A FElaito| HMEksict.
3| 7l 1k 3712 5ol §

|. ALHIE 4%
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o
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=

[e]
=

Eok= AlZE 3ot X siME F3lisi S Te| Z< 1200
Z ot s GG AN T 2544 Al D3EE S 7
7 1} siMe| Z< ofx|at Alo|22| S E(stress range)S ALE
skt O olf= A mle| F7|of mfvt dsiaz S8 X o
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S8 oMoz AME FH SH2 SN Mzol tiEsk=
hotspot stress7t =11 m|ZslAlo &2=Ict

20N m2"It Al 2E =& SEiAE AlZIo[=o]| w2t
Hiksks olfe 2lolxel HSo| v|M&EEo|7| Eo|ct At
Moz ul AHEHE nfH(wave elevation)? EHEEXJ}
Gaussian =22 252 2= A2 L2 Urt Th A[AH
o MEMol2lH oM Al WSk 33 ZHEEX YA
Gaussian 2XE 7ot sict SX|2t 2jo|xe| AR 7|stetA
HIME, HME & 7 3ol oI5l 2lolxMel HE 2 LA
S20o| H| M™Moz LIEL =22 non-Gaussian SEES
Ho[A| 2c}. ol2{st #ARR AlARI0| M&™o|2f JFY510 §
Mg ot FIYY siHoM s LIERIX] o2 2 2lolX i
M Al AIZIEY sliAMo| J1E MEoZ Tie{=|ofof Sk (DN,
2010).

i, Mk 8 st EEe| 2o F2 285
ot s 2lo|Xof| MEsh= A2 TS ZnE & =

ooz HMEHoRZ ARZE|o{of S}

[e]
=

ol

L

4. 2lo|A mZE4 Hob

Elo|XNe| mZ2&As Wolshs Yoz AHEHM X
Il 2|3 rain flow counting2{o| 2JC
o] M7IX| & 25 Elo[Xol| ZEsk= & S=e V|2

=
o % ot TE=1 M ml2ey o Kol Bol Ag=E=
H

counting 20| 71aF HElst iHo 2 efx] 1 0|& 7|&E2

=2 3 AB|EYylo| HEE HIIE 93t 7 So| oj=0f |2

Ir
o =
I
e

Ao
0fo
ol
2
|
o
ol
0_1_

S &loI5Ict (Longuet-Higgins, 1983). i
(2012) = &2 0|9} Z+2 0|22 XE510{ Marine growth7 | 2/0]
Mol mZaHol| Hojt Paks F=olol| Cist H|wAHE ATE
ALY,

2 =20l A5k sliA7[] oleoE Zio[Als &5t 7t
Olsl{A47 [ (simplified method)0| AL ZF2 HEIT} AlZ|
2 2lstod AN 20N I ZsiMofM= Hel 28X 2= A
2 met=icE

AHESHO| AR FHAAE] SN ME I S2HSE AHEH

(stress response spectrum)2 =5t Semi—empirical 2SS S5t

0] FHuZAMs ARSI (DNV-Classification Notes.30.7,
2010). sk F&lmH 3 Rain-flow counting®-2 AlAkHe| EM
A 39 SIAET(SY 0t W Sl)g 2E o Ue=E

=
Miner's rueS 535101 FM&AS o S6ich

AHEH FHM2 AlZIENoA IS SHEETF iS5k AlAIZ
SEE St sliME tixlsP| 2lstof AlAES MEXolzin 7t
Mo, MY SEHEM(RAO)S Hest = AlZId%0lA ] o
AAEf 2t SUSH of ABIEKTL ZFpI5I0{ AJABIS| AAE SH
2 AHEH HE|(SE AHER)Z = ghiHolct 2lolN T2
siMo| A 22 AHER(stress response spectrum)2|
ZLHOR} BHE)S 2t Th| siAtale] HE AL = 0|2 &8
oo SiE7 |7 St 83 Eo| SEEEE Rayleigh 2% =2
Dk 222 71dsi0{ m2&atg F8ske golct 2 o7

X

Dirlik 2X& ARSSt olR= Zlo|xel S=3Ho0| & oA
(broad-band)ol2|2 7F51¥7| m&2olct UEMo R tiy| 5
Abatele| mfno| sEFEEE A% (narrow-band) 22 7Fsi0
Rayleigh SHE2ZE w=2s Aoz 22{H UCt (Chakrabati,
1987). o, 2t A|ARI0| MEMYU AP 3 SHel &5:
I %A| Rayleigh 2= 7IRICD 7145109 siAlsh= Zd0| et
Ho|ct sX(2t 2 =EollM= 2lo|A A|ARe| vMEHol| 2[5t
0 SH3Hel tHYZ0| AHHoE HAECID JIESIT 0|
4% Dirlik 27} Rayleighol| HI5t0 &H A2 =2 ZWE
F= Ao=Z 2=2{H Ut (Braccesi, et al., 2005).

2 AT Aloke ABE s{MEHE 2= 2lolxe
SHSHSEM F, 33 RAOVH R8st Yoz 33 RAO
= I iAol B2 HojX|= 22| Folct six(gt 2}
O|A slilMoflM= RACHIMA| AlZ1EY sfAdo| ZTtE &510] &
2 RAOE el 1 olf= 2lolX H3Q| HIMEME AlZHY
o M S Soto FEHoZLOF EBAF|T] ISHAMEL 54 i
AAEfo| B EME ZErsED = white noise spectruma &
25t =X sjA] A= 2E ABEZOZ 7IFSHT white noise

spectrums i8] AHEHO2|D Sl SE AHERDT} ol

ol

o o

=

SESH2t of =4 2 ol SE AH

RAO MAME 2[510 White noise spectrum &25= O|®/
=, AlZIdY sliM 2 E5101 83 RAOE oot sp7| w20l =
& slAAENT e EFFuroM XDt =5 d9
CHe{Iol CHEH RAOE 2 %= 87| WZ0lch White noise

=

spectrum I} ofHX|7} 2E Fokpe Polof| ZX AYsiez
RAOE F5P7[oll Hslsict RAOE I} Fulee| se2M 22|H
ol olol= EX FukrolMe| TRzl tiSske SESAO|
Ct. i gl2d A EHo| chell=do| =7 flsiA= Fig. 31t
20| oflHX|7} St E2=|0 U= white noise spectrumO|
Z|ofof Siok ol2{Sh AlpAE RASAE SjA Al CRITIE

AMERS Qi 20 SUSH Y2olc,

o= |
OrcaFlex2| S8 silA2 AlZiddolA{e] Zofpts 37| 2
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O|&CH - O| AN - ZH&tBH A 5| QUIE)

— =1

o EX sliatalefe| Folmld(significant wave height, Hs)oll CH
S5k= truncated white noise spectrums F2[0lBigts Sof
0f AlZIdd 2 D2 Tl & 3M M2 E F 0|[[H noise
spectrume| PSD(Power Spectral Density)=
ZHSIC} White noise spectrum@| PSDE IE}II_E 53}04
ZHM5k= 0|5 white noise spectrum?| 24+ Zf
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Fig. 7 Regular wave scatter diagram
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