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A Study on Three Dimensional Structural Analysis for
Marine Rigid Riser by Finite Element Method

ABSTRACT

A marine rigid riser is subjected to floating vessel motions as well as
environmental forces arising from currents and waves. The static and the dynamic
analyses are carried out for a marine rigid riser and a three dimensional computer
program is developed by using finite element method. The dynamic analysis is
performed in the time domain using the Newmark method for nonlinear drag
problems. In the program, both time-varying axial forces and lateral forces giving
rise to combined parametric and lateral excitations are taken into account. The
vortex shedding which excites risers in a direction perpendicular to the flow and
induces transverse response is also considered. It i1s demonstrated that transverse
displacements due to vortex shedding is greatly increased in lock-in regions, and
the effect of combined excitation of the response of a marine rigid riser becomes
significant compared to separate lateral or parametric excitation. The results of this

study are compared with those of references with good agreements.
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ghol A& a3ty HAsliMe HA old Wt AupEAAS Aotk g} | alo]A]d)
T &5 A (horizontal equation of motion)& F+%317] YA = 3702 HY
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Fig. 1 Eaquilibrium equation for a bent tubular segment.

Fig. 12 wol7 4ele AF¥ vAhQ4i(curved tubular segment)oll i 2§ &
AEE Ve g, 4%, 52, ZUE 98 B4 AL Fol 3 o)
skl AASHA #F3 ol Au) WAAo] FEHT YREY HATEE
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Eo 93 Aye oz RAFEd Addy 31z 9 3 2% oste, 7
E7F35~500] £ wf sbxlo] NzEn 65FMA A0HE Hujr} H) 80~120
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Fig. 2 Transverse oscillations of a circular cylinder.
o,Experimental data; -, Triangular function used. (Remax = 1x10%
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Fig. 3 Combined excitation of model. Fig. 4 Mathieu instability chart.

FHHAN e Newmarkol 2Aste] +asolEd, WAL 7145 vxe] AKE
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["ngTAA*'CAA] b AT+[#MTAA+%{CAA]DAT

Mraa D ar = Fou

(104 SANA A4 T2 RS Adste] 2ol 9 3atd F23MS s Th
AHEE Ao} ZAME Microsoft Power Station Fortran 4.00]9, /gy T2139] o]
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Fig. 5 The geometric configuration of riser model.
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Table 1 Basic data of riser model(depth independent parameters)

HooF &3]

AAAY B 2QAEAC)Y A, m 9.144

ez w9 A é»}——l A, m 15.24

39 97, m 0.6096

s 250 g 5474, m 0.6604

g4 Al 4(Young's modulus), N/m? 2.1x10M

W A& Ux, kg/m 1432.0

/2 ql| 37 F FA (/2 BN Ax 39099.5 42664.7

Y Qﬂf = L{é 3‘}01 AEEE) (BHAX) (2 o)
1524mel @ FALT = 33053.1 138164
N = (FFAX) (237 0)

FEA S 0.7

By} AFAF 15

AA 93, m 6.09

AAH F7], sec 9

¢ E - 0.256

ZF(AWEE), misec :““;cs o

AR F2E 9% 3 4% H IE m 0609

ARz oF & W sk F7), sec 9

AR FzE G37e 9443, degree 15

Table 2 Basic data of riser model(depth dependent parameters)
+
C ase

No. Case. 1 Case. 2 Case. 3 Case. 4

M

4, m 152.40 457.20

golA e Zdo], m 158.50 463.30

AR EdolAe] 2789, m 457 13.72

AR Bod e x7)1ZAE N 544,000 907,180 1,315,410 2,267,950
3.2 dxisliMe 2ot A HE

2 =R 37 ARaY, Bosd, B4sM02 rold sag dAEt Y
B R =BT SHHHY AREe AR AFE ANSAT webd AR
A3tsl THHA Aol 2 Hy w9 HA WS naFgozA E =EdA
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Fig. 6 Comparison of max.. min. displacements between DHRISER and
FRANS (in-line, x-direction).
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AR B FEe 13x105NeZ F7HAAA A AAstgen, 108 HA

3 2s #BZEAch AA FolAdE ol & F FHo| s FA,

2 ol2aiX 3 nlwsty) YA 4 g AHEstATh S AL

% EXAE Table 1914 M8 ge AM8glon, €,=018% 7H4&ith
o2 A4 AE 43 BRexoz, 2i7 et 7M.

Table 3& AHg® ®de uHF7et 1h AFF, x4 2= disA
lock-ine] HAE 2F £5F Yehdg Table 45 T3 27 Sk BE 9
Bz AEF(£)9 FAaE5E(V,)E YEH I Tk

Strouhal No(S)E 0.18& Al&gom, (498)4L ©]&34 lock-ino] EAstE
HZo A%45E2 Astar ZASEE (4102)4& ASste] ALbed A, 9Jr Gk
o Fgste Fo BHL AN S AHE3EtY, o] P& 559 A4 WIS
AAA A& AAEA

Fig. 72 954&d] o8 HAsts 109 Y 559 Az wafe Adgd g
A7t o] (time history)E B.oF1 th

A (@QNMNE Unpen=0.152M v,236& L}E]"’“q‘ o] dgelMe FELEol T£
B9 &5l A AFE vAA F32 UE "}E}"“‘:} T Uprew=0.20] HHA
BE 234 "9 TR Y ¢ & Ytk ZREEI FUMRHEA e E
J WYE 2F¥ Frtat), EHEe A5t T2EY 14 BE IF AET
g ZolAE ()olX 59 A7 W ¥t Hue el dES £ F 3ok 9
W Une=023013, V,=5562.24 lock-ino] ¥ 7o drh o|Fd /%
TE ZbkA N, 589 A7 B de Aty JSE & F Ak o9 2& @
AL gl HEPY WEo2M Fig 2014 BE A% A9 AL Atk 2§
&7t 7k 1 AAEE(V)E 248 =H mebd 359 A7 Wt e
7, sbEE AEF7E FREY 23 B2 uf3EFe 7AAAEA A 87t

%7heta az%% 2 % qu
st e ABFoz 2 o SEREH J4F 559 A7 W WAl U 4
& Eaitn Besd o,
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Table 3 Natural frequency and period of model and current velocity at

Lock-in region(top tension= 13x 10°N)

Nélll}l:&ll period Natural fre(menq* U at lock-1in 1%
(T=sce) ( fu=cvelessec) (m/sec) r
14.619 0.068261 0.23 5.56

7.3145 0.13672 0.163 5.96 |
7 -448(;H | M 0.2051 0.723 5.56
- 3.6155 E 0.2713 0.929 5.56

Table 4 Vortex shedding comparison data

U current ~ Vortex shedding v

misec) frequency (cvcle/sec) 4
0.15 | 0.01429 36
0.2 0.05906 : 18
0.23 0.0679 .06 Lock-in for lst mode.

B 0.27 0.07972 6.5
0.35 0.103346 3.4 |
0.45 0.1329 108 Near 2nd lock-in region.
Reduced Velocity = 3.6 Redeced Velocity = 4 8

004 Q.04

Transverse Displacement (m}
g

Transverse Displacement (m}
o
8

008 - <08 -

100 180 0 8 300 100 L) 00 260 00
Time (sec) Time (sec)

(@) Uprors = 0.15 ) Uspyort - 0.2
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*  Reduced Velocity = 5.56 Reduced Velocity = 6.5
(Lock-in at 1st mode)

T

Transverse Displacement {m)
Transverser Displacement (m)

a0 : : am : T T '
1" ] ] ] £ 10 "® ] % »
Time (sec) Time (sac)
(8) Udwrem = 0.23 (K) Uqyrens=0.27
Reduced Velocity = 8.4 Reduced Velocity = 10.8
0.08 o — (Near the 2nd Lock-in region)

Transverse Displacement {m)
g
Transverse Displacement (m)
H
_ 1 Y -

&

8
»
8

0 % »
Time (sec} Time (sec)
(m) Ugprem = 0.35 ©) Uqgpem = 0.45

Fig. 7 Transverse displacements by vortex shedding
(time history, S=0.18, Node. 10).

3.2.3 | E=” RZ(parametric vibration) A%

3 E(in-line) W3k} _fZ—E—Q] 2 Zt(transverse) 3 #Lgtel didk HFE whA
npxjgto 2 wIuEY AFd U AFES sttt A EY 259 EH‘} AFL
o dFdA it &i:l"#ﬂ o8] s|Ae ZAxgtel Mathiew EAR I
(instability region)o] Z RF-&HEr/1E2 Auugc = A& (1119 Az &
AT AFAFe M2 vusd, 1 FE¥E BRFoIA 2 AT H©HEEE Edst
Aok G7IME A 108 F- I S-S AHRTE Fig 82 Park(11]o] ¢J3)
& o]&(semi-analytic)sid oz TR grozA, Z+ R g FAEH
(steady state) SE2 AZS ogtol WA YehdATh o] g2 13 Rewhg 12d

o
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Table 5-5 Basic data for model
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Table 5-6 Relations of a value,
instability region number and

Young’s modulus, N/m? 2.1x10" model length
Drag coefficient, Cp 05 o )
— a Instability region Length, m

Added mass coefficient, C,, 1.0 025 Mid first 13655
Outer diameter, m 0.812 1.0 Near second 7605
Thickness, m 0.0276 13 Mid second 675.0
Material density, kg/m? 7850 2.25 Near third 525.0
Wave period, sec 15 2.8 Mid third 475.0
Amplitude of top end lateral 3 40 Near fourth 400.0
displacement, m 50 Mid fourth 360.0
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Fig. 8 Comparison between frequency response curves of combined, lateral
and parametric excitations for g/la=1.0 and »,=3.0(By {18)).
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(a) 1st instability region
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(b) Mid 2nd instability region
(a=1.3)
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Fig. 9 Comparison of lateral displacements of example structures under
combined. lateral and parametric excitations(instability region).
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Table 5-7 Design condition of semi-submersible

4 A = 2
e 44 (m) 3A 5 33 (m) AT F7)(sec) ZF(m/s)
z4% 900.0 198 100 1.0

Fig. 10& Table 7% °l&& M A woFd o BFE s gart 49
3 7 & A%l A48 ol JeltEss Rz (e 2% AR & 9 7t
Ao g Ad, Ax WS Jenz, b F i
stress)ZHe A2 wmstn Aok MAE Ay T
orxwt ¢2g Amrw A§TIN 2
wpeba], Azhel webA dskEhe S uap AR TS
4 5 2ol A =3 8 ] S o A
AL Ao FRE & &2l wAe % o A & g 3 HAEE WE

=

A nAstdA, B o A8 A4S sok 9 Ao

<51) N
e

ole

uft

o

O

ofl o

bl DISMIN DISMAX 100
| - 1 sTruw STRMAX
] d 1 ST
™ 4 Ve \‘t — EE——
I ‘ " /‘ v
1‘ i N~ o
g ™ » = S w v b
a | ~ @ b
s » * Vo
2 ] » ° ¥
: w J ¢ e . :
5 | , 2 0 - 71
® | . 2 I
* {l Y z o
» e H
. ] . e » [ o om
7 ‘ [
R S S I B 04‘;1 — T T T
0 " » » ] "
(a) Lateral Displacement (b) Bending Stress

Fig. 5-8 Comparison of max., min. lateral displacements and bending

stresses of example structures under combined and lateral
excitations.
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