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Numerical and Theoretical Methods
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A flexible riser consists of several layers which have different materials, shapes and functions, The layers designed properly can
take the design load safely, and each property of layer provides a complexity of flexible riser, Such complexity/unit—property is
an input for global analysis of flexible riser, There are several approaches to calculate the complexity of flexible riser, those are
experimental, numerical and theoretical methods, This paper provides a complexity from numerical and theoretical analysis for
2.5 inch flexible riser of which details and the experimental data are already produced under tension, external pressure, and
bending moment, In addition, comparison of stiffness and stress are also provided, Especially, analysis of stress could lead to
researches on ultimate strength or fatigue strength of flexible risers,

Keywords : Flexible riser(S%A! 210]X]), Numerical method(:x| SAIE BHH)  Theoretical method(0|2X g Axial stiffness(Z4
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1 A‘I = 5101 RAFEFS EQICE Bahtui, et al.(2009)= O|2X giHS A}
85101 7|=e| x| Axlele| RAMMES HoiFIch o] A7
oflA inner carcass 2! pressure armour?| E2XAE Z0(7| 2/sH

SiAr SFoAM mo|= 2lelS e} 24 ESESS]S) .
e FHOIA mol= 2RIS wet 25 FAE HEH2 Timosenko and Gere (1961)2| 0|22 X 235l0{ 27|15 EHEfQ|

2OIXME Salf +H -r|§ 93}9} topsidedilA Xz|otdg HE AMIPES AFRSIICH (Bahtui, et al., 2009; Sousa, et al.,
Ch IHMA Z3E = TP 39 4%, S| &/lo] o 2012). Y7|S AIPEIS oIX Helo] Hqg Lo A Alx| pals
Z7| uf2oll SCR(Steel Catenary Riser)& F2 Ak8sit, Z I+ PAlsHs ZBte Bolrt (Neto & Martins, 2012). 1211, 4
=9 22lglo] 2 BxA EAEFPSO)Q A4 74 2lo|x7t x[alAdofl L3F Zt #ojo] Zh| DR A4s Alsle Ej|
Heretct, (Seavik & Berge, 1995) et 2t2 H&st A}E1I7 AL} (Bahtui,
=Hol 2, chEd s93ts St 2jolxe] UM BSalM o 41 2009; Ren, et al., 2013).
2 20| O|F0{H ftoLt, =58 &M = Z "Ilol| of A2 o7 T35S AHEN HCF 25D M2 sl 2)
Bh AT diHoE adalER| Reldich OIME JHeste ol B2 2ig 7|20(n Uck 02N we
o 9|59 A9, 2lojXel ZF FxaiAlS LIt It 2 e JIMe E310] 712kt 20|XE jales FloE =Xkt
2 TFE AlRU=0f R Witz (1996)= 201K MZAL Mg, Efo| 2R 2I0|ME siAlske ol A=K ot ek AH
2UMo|X Sut gf=dslo] 042 ZEK| x| sHAol| ofsf 2folX N gl 2 g dojel B2 AlZKg @7t J2{22 X
o = HHE siMS THsINUCE £ 0F MY AT Bl oAl 2ol 7ol HRsich
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7oA oA Eo| JEE ol 2 FEleAHS ol8%H A
T} o] RIH=EACE Sousa, et al. (2012)= ANSYSE 0|3}
0f 2llojof 7o &2 n{shH|MY FEtRA HMS THEIN
11, Bahtui, et al. (2009)2} Ren, et al. (2013)2 ABAQUSE 0|
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fo =252 F= 20X SHYE Srlez 0|28 YUY
1 x[ohAMA HE BlwsIon, 0| Sl TRIoHAA 2
of EfgME ASSINCE a2t F Yoz Fot S| H|
WK AT

= AF0llME SMRTE S7HE 2.5 Qx| FeiA| 2folX ol Tf
of Feteat X O|EA Yoz X HE siAs sde A
olct. ola=, <gt =gl =HEol ot 2yt 32 Toia,
O ZItE Al Hlo|Efet BlWSI0] RIGHAN Yol Fabdut
TaYE A55kE 4S8 SEE of Uk

ot 33 b2 vlusks o =HE SEicke HolM &%
M2z 2ol et & 2 ¥ 12 ZE siMel LHSo| Z
T US AR TJ[ECE

2. 2.5 2lx| 2lo|x =H

2.1 dbdol 2jo|xNe| £
Aekdol FodAl 2lo|xe| HEl= Fig. 12t Zch Tensile
armours@} anti-wear tape0| Ziz+ &t #o| glooz & grlo|
Z£02 M=o Uk Inner carcass = 2I0[X2| Mz 2o
M et 22 gks ot U=dol| 2lsl 2lolXTt S2l=l= A
£ SolECE Pressure armoures = Z 2| 210|0f 17 &£
= 207+ 27l "el 2, BIX|E wate| Eof sl X|X|sh= o
2 Sh= Z0Ict Tensile armourse 0421 7H2| 2lo[o{7} 2f
2 47 gejz § 52 o|FD, QI3 2 H|E ZHE
ZIME JIRICt 2E. tensile armour layer= A2 BiEHE=

PIYSE=N
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outer plastic sheath

anti-wear tape

inner carcass

2loflM AZE Suf Zo| FHAe| MEZ o|F0E S0l U
=7} Sk, ant—wear tape, interal plastic sheath, outer
plastic sheath= S2fAE! TEe| X ERSC} Anti-wear
tape2 =% 7t OIS Ilok= =81t WM, tensile armoursel
HIX|E dbsko| WEKbird-caging NS AmMSHC}  Internal
plastic sheath@} outer plastic sheathe= W 252 FAS Zz2|
AlZ|D, U 2[R RE XIO|Z QIFt ¥ £AS dolFs AES
St Ol 2lolxe] 2t Bo| A2 Ci=2n 7 &0 m2f

S, WA, B2l g Lelslod MAHECH
2.2 2.5 2l 2jo[x =

Witz (1996)01 2.5 ¢IA| 2fo|xef 2t BE S4xI7} &Hil3] 7|
==(0f Ack F2H o2}, siE 2| A

7| mi2oll, 2.5 2lx| 20[*E a4 etz ARSI siAfol
ARZEl 2.5 Qx| 2foIM Bt Fig. 12 22 MEHMel 7oA 2f
O[xjo|H, 2+ B8 M1t SHX|= Table 101M = = 2UCk

Table 1 Material property of each layer of 2.5 inch

riser
No. Layer ob Material | t | E(MPa) | v
(mm)
1 |Inner carcass| 70.2 | AISI 304 | 3.5| 205000 | 0.3
Pressure
2 sheath 80.0 [Nylon 12]4.9 284 10.29
Pressure Steel
3 92.5 |AFNOR Fl| 6.2 | 205000 | 0.3
armour
15
Anti-wear
4 955 [Nylon 11]1.5 301 0.29
layer
Inner tensile Steel
5 101.5 |AFNOR FI| 3 | 205000 | 0.3
armor
41
Anti-wear
6 104.5 | Nylon 11| 1.5 301 0.29
layer
Outer tensile Steel
7 110.5 |AFNOR FI| 3 | 205000 | 0.3
Armour A1
8 | Outer sheath| 111.5 - 0.5 600 |0.29

E oo
Slo] 7oi4l 2lo[Xe] AZSE Albksks S ATHSISICE
EN 3

Kebadze (2000)0lIM= 2t &2 EME Taish FHEMAIS

ensiloamory T3k o] AvNEIUC) ZH Zo| 2 HHS sl 2jo|
: 7 X HAel ZM dWHE T 5 UM S Alo]e| ZHo| itk
ettt aftiog” / 2% no gap conditionzt 2| HWaol2l= MetegAlS Tfst
internal plastic sheath o 3|ZxMoz Zt Zo| A= HE2 FoF £ it
Fig. 1 Typical flexible riser (Sousa, et al., 2012) O|2X diHI| $X|efAX dhHoz ZiZH 1ok D) H|mJ}
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Bahtui, et al. (2009)0f| 2l $=3=|A1, O|2X dHHoZ A}
SiE ok nHYo| AHE|o] RACE

Inner carcass 2} pressure armour2| 2<%, 11 £ dAlo| =
E5t(Fig. 1 &=), 2H interlocking0|2l €2l =2 M=
2+ T & (self-contact)0| LAist0d, AlX| 2& JE 02X
ol M&sk= coll ofzfzgol U7 mIol, Zuw oA
(orthotropic) 2| A7|S AAEEZ HIY X-I35I9CtH (Bahtui, et
| 2009; Sousa, et al., 2003). O|2X diHol| MEspP| ¢/st

2+t Zo| MEX EM2 Table 22+ &t

1O

Table 2 Property of each layer for constitutive equation

No. Layer Type Material
1 Inner carcass Thin tube Orthotropic
2 Pressure sheath Thin tube Isotropic
3 Pressure armour Thin tube Orthotropic
4 Anti—friction layer Thin tube Isotropic
5 Inner tensile armor Helix Isotropic
6 Anti—friction layer Thin tube Isotropic
7 | Outer tensile armor Helix Isotropic
8 Outer sheath Thin tube Isotropic
Fig. 22 0|28 WHE &3l sIE Tok= 1™ e HoiEct
M| 2t Zo| Y BE S 7|5l EME T|Hloz ZWM diEHE A
Aot T2l 2t BE ZAdES F%m A 2lolxel &

40| ZXSHK| i

7 PEKH e e 5 UL

Compute stiffness
matrix for each layer

Compute total
> stiffness matrix
<no gap condltlon>

/ stiffness matrlxes / / Total stn‘fness /
for all layers matrix

Regression function
(FT) =F(Al, AB)

Separated Solve stiffness
stiffness eq. w.rt.
matrix boundary cond.
5

Detect
negative
pressure

Compute split | Yes
stiffness matrix

by gap layer

Fig. 2 Process of program (PiFlexX®) for the
theoretical analysis of flexible riser
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FoAl 2lo|Me| 1= HE SHAMS X[ Fetea BUS 0]
gsm T35te Ole %2 028 AUck M inner carcasset
pressure armour= THH EAlo| E2RsD 2 X2 7F ®E0|
wsict o] B AR Itz RUs 240 4Tt

elopx| HM0| Bkt 8t ofulel $2M0| HofRlcks £

T d7ick ofz{et 2HIE sHZ31| floh Ol2X A wnt of
T2 A ofehdol VIS MR E X[E510] ofAE
A3t

ot 02| § Alole] HF, oHE, sip S ST &= HE2
TS AT of2{2 olch 0|F 25 BHESE| flof BIMY
of4{0| el=|ojof o $EEE =0I7| flohM= HEet @4

o| Tt MHEe SkEe| F7IES ATl Fofof 2tk
ot & O Yl 7= M2 27| flsiMe 23el ozt

[=} o=
42 =2or HE ZI REES jalo=z Atond 949 7H_J|>7|_

=2T 1 =
oM H Mol BIf6ka, $EA0| Hojzlct J2{=22 MEst
F=Zo| DHIo| 0|5 Ei5l0] HAle| HatMT} ofsS MY &0
2 okEo{of sith 2 oA70ME tensile armours®| 2-pitch T
o 2 Zol|& MyslIyct

EEO

&

2 Fite4 FH() ¥

S04l Blo|x{e| 3xfel FoleA ZEHES ANSYSE AR50
2HEQIct o] ZHe| 2lojojz TMEl B0l tensile armourse
beam 24~(Beam188)& AR25IH 20 inner carcass®} pressure
armour= X1 0[2FMO] shell 24(Shell181)2 2HSACE LY
x| £ 2F solid 24(Solid186)E 0|23510{ EASISICt
MY ©F EME Z7| M Contal74, Contal7s,
Targel70 2471 ARSE[QICE  Contal75/Targe170 Q4E
tensile armours?t ¥7|S &Efe| T Alo|e] HEZ LiEH
Conta174/Targe170 24+ /7|5 &Elel £ 710| &S -_rLE
S| 2l ARBEIQIEE MA Feted BHR Fig. 30 ZAISIY
2t 22 0|2 949 HEE= Tabe

30l F2[5IAet
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Fig. 3 Finite element model for 2.5 inch flexible riser
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Table 3 Property of each layer for constitutive
equation
No. Layer Type Material |Element No.
1 Inner carcass | Shell 181 |Orthotropic| 4550~6720
2 |Pressure sheath| Solid 185 | Isotropic [8800~13200
3 |Pressure armour| Shell 181 |Orthotropic| 4700~6720
4 |Anti—friction layer| Solid 185 | Isotropic [8000~12000
5 | Innertensie fgom 188| Isotropic | 3360~6720
armor
6 |Anti—friction layer| Solid 185 | Isotropic | 3360~3480
7 Outer tensile Beam 188| Isotropic | 4000~6720
Armor
8 Outer sheath | Solid 185 | Isotropic | 3360~4560

52 Mk 249

e PARBHAY ol S M| of

o
of =ESIGICE oS S0 =2 ZHES} RS 8P
I

mHoll= FKN2 1.02 Al8slH, Zg ZHEES Jtg oo
0.1~0.0122 Al2E AHS ATSID Ut 2 AFuM=
2o} 22 Jist mofl= FKN2 1.022, 238 ZHES
moll= 0.12 AREsIRict sk &SIt elo|d Z'o| HE

A= G2 07| flof ARl A8H2 & T2l 1%= et
t

0ol

SHH D= FHZE0o| nlaA Zi2 0.18 ARRSIFC} (Seavik
& Berge, 1995). Cl2t tensile armours 71e| EZ 1} ojake ¢f
= ZA2Z JYsIct & Alole] HZ0ll LHE2 Table 40f M|

4.3 wetes RE(2) 5t5 ¥ A =A

M2 8= 74 2lolXoll= clyet SRl 5k

ol
ro
0z

Adg{o WX EZ 49| JHE = A L
Fel SoinBe 940 s Toel Tass = 2, U452, 28] IUE, oo 3 LiRho| Clersh ekl At
2L S MOIE| BE THE = Sasiaes Pue Penaly g Zdoct T2t 2 AdAFoiMeE T2 371K SRel shE (el
MethodZ AFRE3ISH=C] ofzlel 41 (1)24 2k Sk AT S e e e
2, olgf, 8| RAE)E 2zt galed 2| Jfslof HAS
2BlSF
F—ka g TEE ol
' Yoz oloimf oIzl (s YUz CfEh Z2fe| 7=
o7l F e FdEd K2 M HSx J2|1 ¢ = 2E H 7152 28 2ol Seetdol et ASE e ot 3
— =H5=, e (=] s LT N
5t =72 oIDT'FE} A;ﬂ n: ‘OA Io—Ir'le- 7(1-7“: D;: B2 2 erolMs 22 el tl JHEXoR oj42
[<) = O S = o) = ol = Sk= = o _ _ _ _
SIS Silek 21 2, S MOl BESE BEE B Susisic s elgint 38l a0l siikls ofzfet 240l
EHD B4 g0l ofsiM ZYECE B8 B2AHOR S 2 L o Lo sjopas| oloint B3 SHIEe] sk of
- L = L = ~ o T = o —_— o= —_— = [=N=] e
S = WMISIK| h=Ct siX(2t HE EHE F= LeSollAM 5 siAlS 2sisioict
X E= 1|t 2 olCl XIEo| M2 = OlsliMdE =2 FIM = T oML
HTE e T L ATl 8IS F0DISIME B2 By ole sojsp| sl 2uel 2 cof glxisie RE 2
7:“/\§ /HX-|;|: 7_|0| _7._:_OL_|_ OI: Ai|; MA ;Hol AT L [=] = = E = — —
T= 2o A =— = TAON== ofl= T o= < AES = ol X .= >4 = =o o
£ eyl oJooz MESY| MEIS 20| EC) 252 shtel H(RP)2frigidsHl HEAIF, RPE 71E2Z
S AA (i) [ = . -
N e . £20| X052 TS MMSIGICHFig. 4). BHH Fig. 5~72}
Table 4 Property of each layer for constitutive Table 5~72 3 71X| 315 (21, </, <I2f + =el 2HE) S
equation F= 4ol tisll ot = Y A =HS Bo{FECL
Contact Penetration
) Contact Target FKN
pair tolerance
’ Pressure Inner 01~1 1% of
sheath carcass ) thickness
5 Pressure Pressure 0.1~1 1% of
sheath armour ) thickness
Anti—friction| Pressure 1% of
3 0.1~1 .
layer armour thickness
Inner D
? Anti—friction 1% of
4 tensile 0.1~1 .
layer thickness
armor
Inner Lo
. Anti—friction 1% of
5 tensile 0.1~1 )
layer thickness
armor
Outer o
) Anti—friction 1% of
6 tensile 0.1~1 .
layer thickness
Armor
Outer
) Outer 1% of
! tensile sheath 0.1~1 thickness
Armor Fig. 4 Remote point connection
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RP2 RP1

Fig. 5 Tension load schematic figure

Table 5 Boundary conditions for tension only

Table 7 Boundary conditions for bending

Constraints to nodes on the Remote point
DOF xy—plane of constraints
RP2 RP3 RP1 RP2 | RP3 | RP1
x | Rigidy | Rigidly | Rigidly 1o e IFived
connected | connected | connected
y | Rigidy | Rigdy | Rigidly o e oo |Fived
connected | connected | connected
7 Rigidly Rigidly Rigidly Fixed| Free | Free
connected | connected | connected
Rot| Rigidly Rigidly Rigidly
X | connected | connected | connected Free | Free| Free
Rot | Rigidly Rigidly Rigidly
Y |connected | connected | connected Free| Free | Free
Rot | Rigidly Rigidly Rigidly Fixed| Free [Fixed
Z |connected | connected | connected

Constraints to nodes on the Remote point
DOF xy—plane of constraints
RP2 RP1 RP2 RP1
X Rigidly Rigidly connected| Fixed | Free
connected
Rigidly . )
Y Rigidly connected| Fixed | Free
connected
Rigidly - )
z Rigidly connected| Fixed | Free
connected
Rigidly - .
Rot X Rigidly connected| Fixed | Free
connected
Rigidly - )
Rot Y Rigidly connected| Fixed | Free
connected
Rigidly . .
Rot Z Rigidly connected| Fixed | Free
connected

Fig. 6 Pressure loads schematic figure

Table 6 Boundary conditions for pressure only

Constraints to nodes on the Remote point

DOF xy—plane of constraints

RP2 RP1 RP2 RP1

X Rigidly Rigidly Fixed Free
connected connected

Y Rigidly Rigidly Fixed | Free
connected connected

z Rigidly Rigidly Fixed | Fixed
connected connected

Rot X Rigidly Rigidly Fixed Free
connected connected

Rot Y Rigidly Rigidly Fixed Free
connected connected

Rot z|  Rigidy Rigidly Fixed | Free
connected connected

Pressure

Fig. 7 Bending moment with external pressure
schematic figure

5.

I

3} g =9

51 c2=g 7RI mf Zofd|w
5.1.1 & Z¥M(axial stiffness)

Fig. 80llM= 2.5 QI%| 2lo|x ZHo| QIxf=of CHEH AT
2 0|2% g1} pRlGMA ui(RElead)o= Fet &
Witz (1996)2| Aled Zniet x[siAMA] Yol Zniet H|wsiod
Ho{Z=C}. Reference(Mean)2 Witz (1996)0llA oiz=l 10712
7|&ollM L2 AL Zale] HWag LiethCt SES| Table 8

=
oM 2o ¢HE Soff 7ot & 2d8 2oiFL Urt

500 -
400
Z300 -
3 -©-Theoretical
o
E 200 -A-Numerical
x
<
100 —=Experimental
------ Reference(Mean)
0 # .
0.0 0.2 0.6 0.8

0.4
Elongation(%)
Fig. 8 Comparison of tension — elongation curve

Table 8 Comparison of axial stiffness

Theo— | Nume—|Experi— Ref.1 Ref.2
retical | rical | mental| (Witz,1996) |(Ren,2013)
Axial
Stiffness| 114.5| 123.4 | 92 128 17
(MN)

ZE MHEH O|EH Y PXliAMA ol ot =

262



|5 AN FE3

UM 242 Reference(Mean) 2t Aleks] AIERS Eeolch T2u}
Witz (1996)2| A% ZIete @t 377t =7 CiES &
jl\_ O||:_|.

of7[olM FIEIISH A2 A Zut FMe| J|27|7F AIFE
20| 0.2% o|=ol| E7fslcke ook A
AlEo] Zet=E M= I S0 =7 gape| o
FEIC} (Kebadze, 2000). A =x[5HA 2Ho| XS 7+A

tof|

F1 3iMS sl gapo| Bl Sellle = 20| Hel gict
7t 2+4o| lofX| R ZMo| WMsk= Zig Eolst 5= ot

SHH Ale Znjol|M hysteresis7t 2HMEHE olF= A riser
7} ®MZt=l= 2pHollA pretensiono| A7, o|= ol =7| A
Z 3 2 7| ojEo| LS| MZo|ct o= 5.39 ZE =
HE ZuofM HS FEBZICE

7HE|7(| Esdacisl
pzbo| Blwgk =

HSIACE Fig. 9._ inner tensile armours®} outer tensile armour

of Z2le SH2 20iF1, O|E Wt RlsiAMA ol
ofsi et Zhol Hel RIS Sl 4 9ick

500

400

300
g
< 200
7
£ 100
l_ﬂ o
£ 0 .-/g//ﬁ/ ‘ ‘ ‘

0 100 200 300 400 500 600
Tension(kN)

-e Inner Tensile(Numerical) —e—Outer Tensile(Numerical)

-/ Inner Tensile(Theoretical) -A-Outer Tensile(Theoretical)

Fig. 9 Comparison of axial stresses of both tensile
armour vs. tension

<Inner tensile armour>

<Outer tensile armour>

[ | I I L I I I I

450 400 350

Fig. 10 Stress distribution @ 500kN tension from
numerical analysis, (a)inner tensile armour,
(b)outer tensile armour

4 Fig. 102 2l&=240| 500kN 724%% holl inner/outer
tensile armoursol|l Zk=2sk= 821 22X E LIEKHCE A =219
dsks ZAI5P| 2IsH Fig. 100M= sA":'P—I 23 Hus Hof

F1 don Zxrt dEs| 127 o] /USS sele 5 2t
Bl 21 F 2SS 0|8310] AltkEl 32 4ol i FARE

5.1.3 H|S8 Z(torsional angle)
cigem Fig 112 elaiziof m2 v|SE 22 ol2d w
2 e

o} $x{siA weig S8t ZRIE vlmsia Sick ol2x
12 H|SZ ZHA2 104.5 MNmO|T $=%[aHA]

o Tt olFof| E H|EE
X dioz 5t 242 109.2 MNMZ FAKSINCE

500

400

theoretical = 104.5MNm

300

200 numerical = 109.2MNm

Axial Force(kN)

100

“4-Numerical —-Theoretical

0.000 0.001 0.002 0.003 0.004 0.005 0.006
Torsional Angle(rad/m)

Fig. 11 Comparison of tension — torsional angle curve
5.2 242 Jigle mf ZntH|w

5.20M= 2lo|X 2Elo| JIE HRZZE =9l Quter sheath ™
of &gt Wakoz 2ts JRRIE W inner/outer tensile
armoursZt Eh= Hbelo| 322 o|2A gl X[shAx gt
Moz 75t ZATE v 3}01 BoiECt Witz (1996)0ll= o<t
2 odFollM T8t 2= 0t 1] wsioict.
Fig. 128 B T b % AREsto] 75 At o FAFE
st F|g 132 7F HRZZo| 20| 20
MPao| ZRE M, 2t Boll Zel= =2 HoiEct o|l=2x gt
o} X(GHAMA dhHol| 2kzte| Xjo|7t ERFX|TE JHE 2 ¢

=
AL

—

S
242 Pressure armour(zeta layer) S =lolst
= S Alole| = xfo|2 & %= UCt,

-150

=/ Inner Tensile(Theoretical)
-<--Inner Tensile(Numerical)
—A—Outer Tensile(Theoretical)
—e—Outer Tensile(Numerical)

Axial stress(MPa)
=
1)
5]

&
S

0 5 10 15 20
Pressure(MPa)

Fig. 12 Comparison of axial stresses of both tensile
armour vs. external pressure
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FoA4! 2lo|Xof| ChSh FEtRAMD} O|2A YhHol| ofst 7= HS<| d|w o7
20 - -
3000 External Pressure-10, Internal Pressure-0
15 —Theoretical
2000

wn

Pressure(MPa)
DDA
Y
RN
RN

7l 87 |

Outer Outer Anti- Inner  Anti- Zeta Pressure Carcass
Sheath Tensile Friction Tensile Friction Sheath

(=]

| W Theoretical DNumericaI|

Fi

g. 13 Comparison of interlayer pressures @ 20 MPa
of external pressure

5.3 =gl RHEE JRiS of Z=t v

5.30AM= ZE ZHELL 9fs Al 7iRie I T8 24
1} 2 tensile armour? | Bh= SEHZ O|2X UHH I FR[SHAMA
gHoZ Hlwsio] HoiFED QUctk Witz (1996)0lle 24! =l
SZHERLS T3S mof Zneks H|WSIE2 0] Z<ol| CHaliA
= &2 ool 78 ZE Witze] AlE Zzjel HII’L% = UCk
Tt LiHR|e| B0l thsiME Witzel 2zt gl
& gD} =X|SHAE giHoll CHaiA{TH HII'LE TaliE 740['1}.

Fig. 142 CHX| ¢l 2HEDL JI34S me| &2
Fig.152} Fig.16= 7—.7—| MPa, 10 MPa2| EI."ZTJ"-P %*771| =g 2
HEE JTRIS me| ArlE Hoi=Ct of22] Fig. 172} Fig. 18

£ 10 MPag| 2| JJ"—P el ZHEE TS W 282t outer, inner

I-:Q:ig

tensile armourZt ZtZt k= S22 HOoiFCh

Curvature vs. Bending moment

—— Theoretical with initial external pressure

——Theoretical w/o initial external pressure

Numerical

—e— Experiment

Moment(Nm)
o

-1.5 -1 -0.5 0 0.5 1 1.5
Curvature(1/m)

Fig. 14 Comparison of moment vs. curvature (moment
only)

2500 External Pressure-5, Internal Pressure-0

2000 —Theoretical

=—Numerical

1500
1000
500

Moment(Nm)
(=]

-500
-1000
-1500
-2000

-2500

-1 -0.. .. 1
03 Curvatt?re(l/m) 05

Fig. 15 Comparison of moment vs. curvature (5 MPa
of external pressure)

~+~Numerical

1000

Moment(Nm)
o

'
=
o
o
o

-2000

-3000
-1 -0. . 1
0.5 Curvatuore(llm) 0.5

Fig. 16 Comparison of moment vs. curvature (10 MPa
of external pressure)

Stress(MPa)
@ N R
o © o o

S
S

—»-Numerical —Theoretical

&
1)

-1 -0.5 0 0.5 1
Curvature(1/m)

Fig. 17 Comparison of axial stresses in outer tensile
armour vs. bending moment with 10 MPa of
external pressure

=
o

v
[y
o

Stress(MPa)
o

——Numerical —Theoretical

-1 -0.5 ) 0.5 1
Curvature(1/m)

Fig. 18 Comparison of axial stresses in inner tensile
armour vs. bending moment with 10 MPa of
external pressure

ZOE 2 0|2 Y AliAY 2iHe mel 2ol
38 SMolM &E5| RARRIE 20iF1 QUeh 324 Witz
AEe F Y2t hysteresis 49| Zo| O Hch=s 205 &2
Ol:=H|, o= 5.12f DRRVIX|2 27| HF Y=o Jgez elst
o2t FFECL Ol2X gl 7| & el Jas tst
o Agle| Zufet e ARG Z2EE Eelot

6. 4 =

= -

= AT0IME ANSYSE ARSI 2.5 2Ix| 7oi4| 2l0[A{2

264

OII

CHot=MEIS|=2%! X|53 & X4 = 20164 8



V|5 AHM - 7S

84 2Ule olEQiCt Sk QIR oot 3l ZEl RHIES Kebadze, E., 2000. Theoretical modelling of

242t JiRle o 2 2 S3E TeI%ch ESE o] ZIpt Ay unbonded flexible pipe cross-sections. PhD. Thesis.
HlOlE 2 o|2X dhHo| Aol RAIRRS H0{ FX[GHAIY ZH UK: South Bank University.

o| et REMs B8Nt Neto, A.G. & Martins, C.A., 2012. A Comparative Wet

ROkSIANH R[sHAIA HkHu} O|2A g2 Chao| Atg| Collapse Buckling Study for the Carcass Layer of

1. OIS Atedol| theh 7d4 2lolx2 As

4
IZ=ol| C$H HIE S

— 22t Ljol|lA Zt layersT| = 212

- = ZH(Qo] 2= At ele E=oll tish)
2. CIS SIZ0ll tist tensile armours? | 2= 83

- olzie Ry o

3. =8l ZHEES JBIZ we| hysteresis M

ZEXOZ 0|24 LI} X[ A WHE Soff AlLE &
M 9l 28 zte AEZH} 51

trob 33 b2 vlusks o =HE SEicke HolM &%
Mz2 2ol thet 25 2= & mZ U oMo EAHS0l 2

2 AT = MHSAAATe| MM AT ST LAY
A 1500m& W 72Ix| olat 22| Flexible Riser 7HLZ ¢
5F A= oA Tt 7|2 e 1M (10062271)2] x|oz
THERIO0], oi7H| X|2lof| ZAF ERILCE

References

ANSYS, 2013. Mechanical APDL Documentation,
R15.0. SAS IP, Inc.

Bahtui, A. Bahai, H. & Alfano, G., 2009. Numerical
and Analytical Modeling of Unbonded Flexible
Risers. Journal of Offshore Mechanics and Artic
Engineering, 131(021401).

Feret, J.J. & Bournazel, C.L., 1987. Calculation of
Stresses and Slip in Structural Layers of Unbonded
Flexible Pipes. Journal of Offshore Mechanics and
Artic Engineering, 109, pp.263-269.

Flexible Pipes. Journal of Offshore Mechanics and
Artic Engineering, 134(031701).

Ren, S.F. Tang, W.Y. & Guo, J.T., 2013. Behavior of
Unbonded Flexible Risers Subject to Axial Tension.
China Ocean Engineering, 28(2), pp.249-258.

Sousa, J.R.M. Ribeiro, E.J.B. Ellwanger, G.B. & Lima,
E.C.P., 2003. On the
behaviour of flexible risers. 73th Proceedings of
International  Offshore and  Polar  Engineering
Conference, ISOPE, Honolulu, Hawaii, USA, May
25-30, 2003, pp.105-112.

Saevik, S. & Berge S., 1995. Fatigue Testing and
Theoretical Studies of Two 4 inch Flexible Pipes.
Engineering Structures. 17(4), pp.276-292.

Sousa, J.R.M. Viero, P.F. Magluta, C. & Roitman, N.,
2012. An Experimental and Numerical Study on the
Axial Compression Response of Flexible Pipes.

Offshore and  Artic

tension—compression

Journal  of Mechanics

Engineering, 134(031703).

Timoshenko, S.P. & Gere, J.M., 1961. Theory of
Elastic Stability. McGraw—Hill International Book
Company, Inc.: New York.

Witz, J.A., 1996. A Case Study in the Cross—Section
Analysis of Flexible Risers. Marine Structures, 9,
pp.885-904.

hl

* |

JSNAK; Vol. 53, No. 4, August 2016

265





