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NUMERICAL RECONSTRUCTION AND MECHANISM
ANALYSIS ON VORTEX-INDUCED-VIBRATION OF
STEEL CATENARY RISER CAUSED BY PLATFORM

MOVEMENT

ABSTRACT

As the deep sea gradually grasped the attention of offshore oil and gas developer, the
significance of Steel Catenary Riser (SCR) has become more and more remarkable. Nevertheless,
SCR is one of the slender and flexible bodies used in marine engineering tasks, which may subject
to complex, large-amplitude movement when the platform respond sharply to the wind, wave and
current loads. This movement of SCR may bring about threats to the safety of offshore oil and gas
development tasks. In this paper, the phenomenon found in a previous experiment is analyzed that
the SCR will experience out-of-plane cross-flow movement when the platform heaves in the plane.
Finite element models of the SCR is established in order to conduct numerical analysis on the effects
of dynamic buckling near the Touchdown Point (TDP) of SCR and the vortex loads acted on the
SCR, which results from the oscillatory flow caused by the heave motion of the platform, on the
out-of-plane lateral movement of SCR. The numerical reconstruction and mechanism analysis of
the practical experiment phenomenon is also conducted.

The analysis in the paper shows that platform heave motion with small amplitude and long
period will not give rise to dynamic buckling near the TDP of SCR. Neither will remarkable lateral
movement happen under these conditions. On the contrary, even if the effect of hydrodynamic forces
is not taken into consideration, violent platform movement itself can also cause negative axial
tension and notable lateral movement of SCR. This phenomenon reveals that dynamic buckling
would happen under violent platform movement and will case remarkable out-of-plain lateral
response of SCR. However, without the effect of vortex loads, the lateral response in the numerical
model is far smaller than that measured in the experiment. Therefore, the vortex forces acted on the
SCR is calculated from the strain data measured in the experiment through modal superposition
method and inverse finite element method, and then added to the numerical model to analyze the
coupled effect of hydrodynamic loads and dynamic buckling. After comparison with experimental
data, it is proved that relatively precise result is reconstructed through the numerical model,
validating that vortex induced vibration is another significant factor contributing to the lateral
oscillation of SCR under platform heave motion. Subsequently, the numerical reconstruction model
established in this paper is utilized to analyze the influence of vortex-induced force amplitude, the
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frequency of heave motion and the dominant frequency of vortex-induced force on the lateral
movement of SCR, as well as explore the mechanism of the lateral vibration phenomenon caused
by platform heave motion.

In this paper, the forming mechanism and contributing factors of the lateral movement of SCR
caused by the heave motion of the platform. The analysis of this paper is beneficial to the study of
riser response to platform movement. This paper provides ideas for improving the design of deep-
sea risers, as well as reference for enhancing the safety in offshore oil and gas exploitation tasks.

Key words: Steel Catenary Riser, Buckling, Vortex Induced Vibration, Touchdown Point,

Platform Heave Motion
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1.1 REARE=EE5ENX

TEREEM AR A, E4E2k 004 (Steel Catenary Riser, SCR) H T A5 AR il
IERAR . RN iR BT 2L K 5 2 FPAN R ST & 1R He 2 e P R T A s B2 0 el <,
it A, (B, ERATIEM AT MR, ERGRFI/ER T, SCR THF 4 fhEk
AEF T R ZEE, ) SCR R AL B4R a2 AR, XAV K 7 AT
RIIHERE , IEHE T RAE ML 1) 22 AT B T I3 o

1E AR P LA B RS T RE R SR =T SCR 36, X6 &I
7 SCR THERIEREN T & ITE%I230 K, SCR MU A L T KIEE & E T 7 &8s 7
MR FEs), X R5IE TR H WHRE. [T & K EES s, SCR R &~
Az TR KA [ HR 30 T BB TR/ AT A R i s it B 77, 7% B B T BB Al K A PR T IR . )
Ab, X — A KIR N B FTREAE L SCR M55 5o N T I 2k 401X — I RO
AT RARML 22 AP P2 A AR, BRATTN M X — B AL ML, IR X — o)
%F SCR HIB AT 5838 TAE. 2RI, KTX MBI AERIER, BE5IEEA &4 T
VI Rs. B, A JGREG LB X — LRGN T, il v 5 i 0 AR T &
I8 2 LA ARA A SCR HIsZm, HilE EM X —IGI R, M ffRx—I 5=
AN . ARSI ST 40T SCR 9% 55 4 A S ik SCR Wit A B 3, AT
BRI ST R TAEM 2 4.

1.2 IREH IR

TEMFE TAZSUEAT T SCR Mo, EELEHPTES) SR TR IER Bl DL R Al r 95 57 55
121}

KT SCR 3l Jyme B n) &, H §f A V2 B WA EE T TIR AN ST . Chatjigeorgiou
A BRZE 5 T8 T B e 130 1 P, S T AT o At it 9 B 2 S
() B AR LR Bl g B ) JEY, SRR T IR AL = 4R s sh g B %) Aguiar
Ut T 2 R AR I SL A AT T AR M3 )12 BT Y Rivero-Angeles {5 AR 43 T 7
EREFL T SCR ALt 3h g 3 e fY, Khan 6 4 BR 7T 73500 7 S AN LR B R
SOE[F5T v pal ] VA

SCR i #4ES) (Vortex Induced Vibration, VIV) — B LLRHS T K& RIERE &
Lee it SEIGHF 7T 1 S5 A4 NI BE X S TR IR S P 2 1 140, Song 7EIREG HHIRTL T 354)
TR T P9 DA SR ) i iR 8l SRS . SR SRS AEDS); Gao I S AR T =4
SCR 52 1% 55 4514711 Gu SR FH | R 43 A8 6 7512 ( Generalized Integral Transform Technique,
GITT) FRRIR PR TN 7 S8 I iR Rsh i S 181 Meng JE T R E g T —Fh
EFEA AR AR, HT 04T SCR TEFRIAEH F IR Rs1Y;  Bourdier 7EiR56 %%
A2 )25 B (end-stop) SRFRHliR IR Morooka £ #i B /Kt H 4T T SCR iRk
PRBMRLE, HE ST TATIR NI R Y, Xue 43 Hr T ARSI T IR BN 9 5 451407
221, R T W86 SCR TH P LA KR Al i R sl AT T 23); - Borges #i Hi T 48 A Rl
PEAREE Z 405 SCR IBSHREN 71524, Sun % FH EEI0L B4R J7 1250 iR iR 33 B i) SCR
P I IEAT TR A,

SCR FF- U 5 SR B fit ) — S AR i JiS 25 (Touchdown Point, TDP), filic &2 SCR I
B T R AR 57 IR A B 128281 i Je o A 2 A% 5 B VR R BE S NI S AR TS R B 2 4

o171 3L 126 T
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R, B AT T YT, TR % 5T R A2 B T 2 A 1 8, AR
EBIE R IR S S R R B, 24iEHE SCR FITHER T & 48 SCR FTLEF1H P R A 1 718 5)
i, SCR il iC A /AKPA B ST EH T SCR P HI 7 7 LR A KIEAR L. X Fh-F & 1H P 2
%51 SCR KAz sh LR 4 Cunff #7 & Heave-Induced Lateral Motion (HILM)E3, S&-F-Ti
HoF- & BT N I8 3 S 8O KA BT M s s — IR, HATCA R 2 %6t 7A
IR, ChangB®, AR mBS-38155 A\ 2 i T~ 518 8l 51 S M HR 5% I 15 K 10 S IR R sl e ix
— MG, RE T V5185). SCR W, 78 & BIRG K IEdRsh P& 2 7] 1)
WAERERRRSE, IS BUA MR EBIRANPUR PR B A S &, KR T IRG R &4 T BA <5
BPREME CRIIRSIEAN A (8] Bt R B AN [RIRE D ISR e E iRIR B Tk i . AR
(3, Ryl Fanoct%E NI T F Gigshi& RN S dksh, RIHiRsh R5 S5 (W
FE BRJE 51D Bl AR TR B4R, AT & 38355 % BN S H08Uih 5 PR G i i i
TREIRA SRS e sh iR g . KimU2R I, 7EB5IIL R, FPSO & &= L%
iz Bl B, 31T S8 T LA L e R B X8R A SR B0 T i, DT 3 S A S e PR A
[N 77 25 I 8 RS [a) o B 2 2 A S M B 4k o

TEARSCH, 0T F &1 A G K SCR T AME M2 31X — LR IR ks 3 2R BT JE
AR AR AN T TR, I8 R RIS IR T B E A S A, R I 6 518 B I
SCR KA Mz R, FR4E It e o SCR BEih Mot AT & 2 e r) B .

1.3 XEFTEARZE

AICKH T ABAQUS Fil Orcaflex WFF 4K {4X SCR Tk & M1 5) T8 SCR /=4
EMEE NI — I RAT T EUEE, PR RS RAR BT LG, IS e
BHRRAT IR, IR TRV 6 E% 28 SR SCR i f bt & A i fh ULV &
G E R R AT SCR AR H W EAE F R, SCR it i s BT HY B T KR S e 41 30
R P B T B 5 TR A L L DL R B &5 TR 5 36 45 SR 1 LR U 36 1E T AR SCA{E 5
AR [ HE R 1 DL 20 T 435 SR A AT 5 1k o

AR F BN W2 LT B T

B —HB gy, BT T S LA Mo IR R K 3 A R R SR R DA A OGS =, F
Xof [l N Ah 2 X IR U IR BT 4538, WA T B 322 AR FZ A AT A 2y 4, 33t
T ) 17 Ko 3 — ) LR A T AP ) B M

By, BRHAEE . X EENRE T iR IAIRS DU Rt R, RN T
BRI ASEL HFZ 5 800 JF 3 DL il Al S e i S S R AR, N
AT & T AL R AR RSN A LER A T B SRR H A T AE .

H=Esy, BUE TRy X004 T ABAQUS 5 Orcaflex 76152 6
FHRRE, SRR, AR EISIT T VIR, RN T AR SCER SRR ST
T3 CABBRAIE T S AR ) IR R M

SEVUFR Sy, RS IREAR A I & 3% S 30D ) S RS A . XS
X6 25 TG T R TSR T & 5128 T T SCR M N BEAT T 408, #RTT T ASHE i1
BTG R 4TET & % is shit SCR &5 S AbVEm R . Bhmak o, iR 7. & i
A BRI RS S AR R AR, IR T G AR IR X I AR R (R, 5
TEGEON T TR EA WSS I, 205, X320 R 56 oh o 2 31 1 &
SCR filJEe &5 BT HE BB A1 9R BN ) H_A370T435 LI HEAT Z & i SR S0/ FH A0 BUE R ., I
T AR G T35 A IR TG SR I s T R Z 3% L, @I AT T 6 1 i RN 4R e o
SCR Ji BB G Hs2m , T — SR 0T G % I SCR 77 A 4 )iz s i ALEE DL A RS R 2R

SISy, WREARSE N N FEA %S SCR RS A R BUE B2y TR 2
WRBAR BN (LA 5 Sy S5 — 25 rh S I SCR S 1) 57 2 5 6 iz om0 21 e 465 1) 7 %
I EUEZERE, SAETAYT SCR MIMIRENA & — B M. 1X—50 8@ T s
AR T FA R B AR S AT O v DA R I S A B T SR sh 1 BdE R BR e vk, 9t
KA IX P AR, pARIE A5 AR 1 28 il R AR TR T B RO EdE . 2R, IREEES S

o271 3L 126 T
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MR SCR A T RFMIRFIZE), MR — S T 45 R 5 R I 25 R AT X e

RIS UE KA AL A ERR P, B — DU T il DL s IR S 2 T A 3 9 e 3 B A M [ 32 50
MR . 8RR, AEKERIX— Bl EA AN A T HAR T S T o0, @ 3T 685
WAL SR A IO IR E A A B R — PR AT 5 351880 5T SCR K4
BEERBDIX — BRI R0 5 DTk

FNHIy, B G S ER S S RINLEL T S AR MR 4 B SCE B E A 4
R X FR 70T G 1 A 2 32 3 5 AN E B L R A T B IR RIS B — IR A
PERUER AR R Z AT IR T, XA SR SRR AT RE AR R ZERIRHEAT T T8 B
Ja » X IR I T AN BT AR AT AR AT G s 3h T T S E M R RS LK)
H, R SO R A 2 A B T R

BLEy, HAERERD . XM A T T A, 13 RSN
T RIZEN AT KAERAIRSI R K o LAk, X b 1 ASCh BUE A R AE 5
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2. 1.1 MAEEASH

&D) Re:E$ CNTEE (Reynolds) %
14

vL_puk _pviiL U]
v u i DR

FORASN TR L SR T A . 3R, VORI RE, L FoR4i i ARIE K
B, VAN g 5 AR AR S AN S J R T R AL

Re oK, AR RS VE R R e, ez ReiBi/hy, REVERISZMA UMK . FEWFTORG VA4
BB P HARURERS, Re & doe YERIHTUHERL, RitERt iR sH v 2% sk
E{}%%ﬁ??ﬂ”ﬁﬁﬂ’]ﬂfﬁ Karman i 7 A RSE) 5ERRINEEDIRR.

PR IEAE (Froude) %t
\/g_L

ﬁ PVl L [J\@jj]
gL pg  [EJ]
TR SE M EE. b, g RoREIIEE .
P ER SR EG B R, B U AN RE RN, Fr R — Ak
7€ VB AHALAE 20 o 22 F 2% FE R I 47 FLE Bl DA TG PR K e — A PR [l 4 S 00, o] 1 Ak 185 IR ZS
(& WA %J@K’“’“) if,  FrEARF R e R, TR THRE.
(3 St—ﬁ KNGS 2K (Strouhal) %

G L pvit _[RERE] .
vt pviIL BRI ]
TR SRR F) SN LA . b, TR
YRR BB, Rt 71 8%, Strouhal LA B . BT RAE 2 R U A
U8 WIS SR AR AR, AT SRR R AR E Wi, St — PUE PRI AR AR
LA A AR, St AT IS N
nL

St=— (2-4)
\%

b, el A, TR .
T

Re =

(2-1)

(2) Fr=

Fr? =

(2-2)

#4126
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AR AR AR YIRS, fE5E— Re YE Bl N < B 2ht ™4 Karman a7, fiish

BT IRBN B, XIS ] 2 (2-4) SKE L—> Strouhal %, St = nt, {HH T Karman
v

TR 5 E S B - Reynolds % Re T LUK St — AV FOAMUERL, 1722 Re f)
s, MSt=f(Re), Hfix—mKk £k R AR I Rk,

2. 1.2 IAFZr B %

R A R R P AR T AR, FE AL AN AR T v R R AR 1, T
FLBEA TR G2 P9 9 PR SRR AL . Sk PRI TR 2 I T AR, 14 52 AMA 5 E I
FE T 77 3 P XA 3 A TR 2 A ) P Bt R 2 A A, SR 2 N IR R B

UM, T R AR T R 2 B SR

WE 1R, SR E G IALET AR, EERARTEE S D Ak, FOHAE, %At
MR, B RERE AR . 15 DE B WARKINEIRIE , YRSy 6 s A
75 E SVUEARIRA: T E SR, FAREE, VRSN R B .

M 1 b), 4RGeS AR R A E BN T, R R, RN, RS
TR AT SRR, AT AEZh A RE B K, MBIk S SN, JTEE AL SRR S B A
BRI, AR SRR TR ARSI ATZ ), TR — A USTE S A ROk, T S A
ZJ5, FESRAREENEN, TERSRZEMIMEN T, B T BE ROV AR IR R S T A, S BEA
TR TTAG I, M TTT SR B 17 0 K0 R 2 7E AT B A 2 R R B v R B3, DA T
RIS 2 4 LYY PRI A AL I 50 P (R s 2 T RN e 9 2 I ok, i S e 2 g 5,
T G A AT A AR R . B, 4 R DA SRR R S AT SN, X REAE XA
IR RELL ST 2R 95, MR T ST &M RENR, ST RAME AT RIRI. BT wiHR
B AR, TR T i -

RSy B S IR, ST A e, RS TR T — MR RX. R
R X AT FRIE A I b R E A O ML A, (3122 X 358 P 1 SR ARG B JRS98% X 1A 4 S 3
T BRI AR X AN R0, A TZE R RT G 72 T 3R, B T B 207,

B 1 EESRN LR ES SRR
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MBI R DA, AR A B R BN LA A R BRI IR PR TR
SN IBE IR, A3 1 e B0 B A AE o SRS S AR 7 A 7 B AR b B SR AR T AR e 0 25
T HHEVRIRE S RATEE, MELE > & m AR 2 R, A 8 R e AR Y R 2 b
MAIB S ARFERR . WU, RS, AR ERL T 2 ki,

LG Z o B R AE BRI S T B R S v B Re MME A 5. Re BBV, K
Ve IER, Wi i AR R 2GR, Hom s AR E s T2 Re B8R,
PE IR IR, BT RRE, B SRR, Lienhard™Ixf 5 533 Seid 't 1 BUAL
PRI AR TR WECT R R AT 18 B, 4R 2 fos.

Re <5: Regime of unseparated flow

S5tol5<Re<40: A fixed pair of FOPPL
vortices in the wake

40<Re<90 and N<Re<I50 : Two
Regimes in which vortex street is laminar
(1) Periodicity governed in low Re
range by wake instability;
(2) Periodicity governed in high Re
range by vortex shedding

150<Re<300 : Transition range to
turbulence in vortex

300 < Re<3x10°: Vortex street is fully
turbulent

3x10° < Re<3x10°: Laminar boundary
layer has undergone turbulent transition.
The wake is narrower and disorganized.
No vertex street is apparent

3x10° < Re<w : Re-established of the
turbulent vortex street that was evident in
300 < Re < 3x10°. This time the boundary
layer is turbulent and the wake is thinner
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2. 1.3 IR

PRI, 05 E 5 BEILR 2 SBOEIRAC B I4 M T e A2 3
A KB S FHEAT I, XA AR . SR A AR, S R T4
KT, T FLSE A AR 5 1 B4 R B R IRT AR b, DRI R ST 8 1 TR R 305 L
B VAR SR B B AT

TETRUESAS IR IREN b, STAT &2 B RIT I (In-Line, 1L) 946 51 1 T A&
T KT (Cross-Flow, CF) [T /3R FIT, i3y g 4 6 BRIV 0 K 3h 1) Rk
Wik, WA R% (B R Cp, 742 C R & 2% C, 2,

A AN S £, MR BT AT

F () =|F |cos(27 .t +a) (2-5)

v, o s, |Fo| 9Bk b i, @It 250 kxik, T
FIHEA,

C. .=

R
1 .
= D
2pUOO
K, p mvikaErs, U s, D NBHAERZ.
R g — A — e T, e Rk e b R AT A
F () =F, + A, cos(4r f t+ f3) (2-7)
Ref, Fy SEFAITEIE, I HRmE & B R0 34 . BB s A s
AR Ry 1) 200, 19
B BB 7
. t+T
1 TII_TOL NQ
Tl .,
= pU?D
Zﬂk
K, T BRI,
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NUMERICAL RECONSTRUCTION AND MECHANISM
ANALYSIS ON VORTEX-INDUCED-VIBRATION OF
STEEL CATENARY RISER CAUSED BY PLATFORM

MOVEMENT

As offshore oil and gas development tasks gradually approach deep sea, the length of marine
risers also keep increasing, which adds to the difficulty of riser movement control. Therefore, Steel
Catenary Riser (SCR) starts to stand out in deep sea oil exploitation tasks due to its low cost, high-
temperature resistance and compatibility with various platforms. However, during an experiment in
the State Key Laboratory of Ocean Engineering in Shanghai Jiao Tong University, it is found that
when the platform experience violent heave motion, notable out-of-plane lateral movement will
happen to SCR, especially in the Touchdown Point (TDP) area. To the best knowledge of the author,
there is still no exact explanation on the mechanism of this phenomenon up to now. Therefore, based
on the phenomenon observed in the experiment, this paper established numerical model and
reconstructed the experimental phenomenon so as to explore the reason for the out-of-plane lateral
movement of the SCR under platform heave motion.

In this paper, two different finite element model softwares, ABAQUS and Orcaflex, are
employed to reconstruct the lateral movement of SCR under the heave motion of platform. The
comparison between these two softwares and with the experimental data validated the accuracy of
the numerical model and the reliability of the results. The analysis of this paper proved that both
vortex-induced-vibration (VIV) and dynamic buckling are the causes for the lateral oscillation near
the TDP of SCR.

The analysis of this paper mainly contains the following seven sections:

In the first section of this paper, brief introduction of the lateral SCR response phenomenon
during platform heave motion is described and the debate on the mechanism of this phenomenon is
also illustrated. It is proved that SCR response to the movement of the platform is crucial to the
evaluation of marine oil exploitation task safety, while still no agreement is currently reached on the
cause of the out-of-plain lateral SCR response to heave motion of the platform. Consequently,
research into this phenomenon is in desperate need and can contribute much to enhancing the safety
of marine oil exploitation tasks.

The second section of this paper provides the theoretical foundation for the analysis on SCR
lateral response. In this paper, it is supposed that the large-amplitude lateral oscillation of SCR is
caused by the vortex induced forces resulted from the oscillatory flow field developed in platform
heave conditions, as well as the dynamic buckling happened along with the heave movement of the
platform. Therefore, basic theories of vortex-induced-vibration and dynamic buckling is explicated
in this section. Apart from providing the definition of VIV, the fundamental parameters for flow
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field description are also introduced, and the mechanism of boundary-layer separation is
demonstrated. As for the theory of buckling, this section explained the mechanism of how buckling
happens and the conditions under which buckling would occur. The expression of the critical force
for a certain beam to experience buckling is also deducted in this section. The theoretical foundation
provided in this section is a crucial basis for the analysis in the rest sections, which validated that
VIV and buckling are two factors that contributed to the lateral response of SCR.

The establishment of the numerical models is conducted in the third section of this paper. In
this chapter, the author elucidated the numerical calculation theory of the two finite element analysis
softwares, ABAQUS and Orcaflex, and explained the differences and similarities between them.
For the sake of better illustrating the calculation theory of these numerical calculation tools, the
basic theories of finite element analysis and catenary theory are elaborated, and the contrast of the
two static numerical models is conducted. The comparison between ABAQUS model and Orcaflex
model proved the accuracy of the static numerical model, which forms the basic foundation for the
dynamic calculation implemented in the following sections.

In the fourth section of the paper, the influence of platform movement on SCR dynamic
response is analyzed, which didn’t take into account the effect of VIV. This chapter is divided into
two main parts. In the first part, the author calculated the dynamic response of SCR under several
experimental conditions, and contrasted the normal velocity, axial stress, bending stress and bending
strain under different heave amplitudes and periods. The results of part one show that under mild
platform heave conditions, no considerable lateral oscillation will occur near SCR TDP area. As a
result, the second part of this chapter is conducted. The case of H_A370T435, in which researchers
have observed notable lateral movement in the SCR TDP area, is reconstructed with the numerical
models in the second part. In order to test the influence of heave amplitude and heave period on the
lateral response of SCR, another eight conditions are derived from H_A370T435 condition by
varying the amplitude and period of platform heave motion. It is concluded in the second part that
violent heave motion of the platform, i.e. heave motion with large amplitudes and small periods,
can give rise to remarkable lateral dynamic response of SCR, especially near the TDP area. Since
the peak of TDP lateral displacement coincides with the peaks of downwards vertical acceleration
and the negative axial tension, while no influence of hydrodynamic loads is taken into consideration
in this stage of calculation, it is deducted that dynamic buckling is the main cause of SCR lateral
oscillation in the conditions calculated in this chapter. Nevertheless, comparison with the
experimental phenomenon would reveal that simply the contribution of dynamic buckling is far
from enough to result in the large-amplitude lateral movement observed in the experiment.
Consequently, the influence of vortex induced loads is probed into so as to explore other possible
factors which may contribute to the lateral response of SCR.

The fifth section introduced vortex-induced-vibration into the numerical reconstruction model.
In the first part of this section, the calculation process of the vortex induced loads acted on the SCR
in H_A370T435 condition is demonstrated, which is devided into the following steps. First, the
fundamental theory of modal superposition method and inverse finite element analysis method are
explicated. Subsequently, the lateral displacement time series of each node on SCR is calculated
from the experimental strain data through modal superposition method, and the lateral
hydrodynamic forces data is obtained from the calculated displacement data through inverse finite
element analysis method. Filtering is conducted on displacement data in order to eliminate the
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influence of high frequency noises in the calculation process of hydrodynamic loads. In the second
part of this section, the calculated vortex induced loads are added to the numerical calculation model
for the case H_A370T435. The experimental phenomenon is reconstructed under the coupled effect
of VIV and bulking caused by platform heave motion, which indicated that the VIV caused by the
oscillatory flow resulted from platform heave motion and the dynamic bulking brought about by the
vertical displacement of the top end of SCR are two vital factors that contribute to the lateral SCR
response under platform heave movement conditions. Comparisons between the numerical
calculation results and the experimental phenomenon are conducted, which proved the accuracy of
the numerical reconstruction model and the reliatiblity of the analysis. Afterwards, in the third part
of the fifth section, influencing factors of the lateral response of SCR caused by platform heave
motion is analyzed. It is concluded that the frequency of platform heave movement and the dominant
frequency of vortex induced loads mainly affect the buckling-related variables, such as the negative
axial tension and the vertical acceleration of SCR TDP, while the amplitude of vortex induced force
has remarkable influence on the vortex-induced-vibration of SCR, which consequently contribute
most to the influence on the lateral vibration amplitude of SCR under platform heave motion.

The numerical reconstruction mode is evaluated and the engineering application of this paper
is proposed in the sixth section of this paper. The possible sources of errors which can influence the
accuracy of the numerical reconstruction model established in thie paper are discussed in this section.
Ultimately, the potential methods of improving SCR design and enhancing the safety of oil
transportation are also proposed.

The seventh section of this paper contains the conclusion of the whole research work and the
discussion of future research directions in this area. VIV and buckling are supposed to be the causes
of the lateral response of SCR TDP area under platform heave movement, and the limitations of the
research in this paper is stated in order to inspire future work on this phenomenon.

Since violent platform movement may be stimulated in fierce sea states, which can result in
complicated large-amplitude dynamic response in SCR connected to the platform. Therefore, study
of the dynamic response of SCR under violent platform movement is beneficial for improving the
design of SCR and prolonging the fatigue life of SCR. To conclude, the research in this paper
provides new insights into the dynamic response study of SCR and contributes to guaranteeing the
safety of deep-sea oil and gas exploitation tasks.



