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Study on the Static Characteristics of Marine Flexible Riser
Skeleton Layer under Radial Clamping Loads
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Abstract: The radial compression failure of the skeleton layer is one of the main failure modes in ma-
rine flexible riser. In order to study the mechanical properties of the skeleton layer of the flexible marine
riser under radial clamping load,an ABAQUS-based skeleton layers numerical simulation model was estab-
lished to define the influences of inter-layer interaction and lock blocks number on the radial compression of
skeleton layers, while taking material nonlinearity into account. Calculation results suggest that the inter-
layer sliding will increase the radial compression displacement of skeleton layers when the same load is ap-
plied. The number of lock blocks is an important factor affecting the radial compression characteristics of
skeleton layers;the number of lock blocks will increase the radial compression stiffness of skeleton layers
and allowable radial compression force, which will render a smaller allowable radial compression displace-
ment. Once the number of lock blocks is over four, the influence of the number of blocks on radial compres-
sion characteristics of skeleton layer reduces gradually. This study demonstrates that the numerical method in
this paper can effectively calculate the maximum loading displacement and the maximum clamping force of the flexi-
ble riser without excessive deformation when passing through the tensioner with various numbers of lock blocks.

Key words: flexible riser;skeleton layer;radial compression;lock block;tensioner;clamping load

PR AL AY (LU AR EAS) R 5 51
JEG i FE 22 T8] 9 5 2, 2 R T SO R AR 48 P 9 G
T3, AR 12 i ORI T K A AT 55 R O
FEATM I A gl T R A R e




% A6 5% 5 PR B R F BRI T i F R FREM AT $ 77

FEHE AT, 57 688G 3055 DA R i i a3 8] KA
S T AR IR R A T 2 8590 W 3
PR WEEREE A S BE MR A Y Z I
WM EAZZE G EWNE . %226 AL
a1 2 bR A B R T RE ST L M R SR A R
RPN W R L\ aE S P 87 NP U N Sl 1 IR
oAb AR JE L B AR Y K R I R AL A L v 2
AT R 1t R 8 oV R R M A G AR S Y L B A
K. API RP 17B EZEHAF AN E BT #LE 2
s LAt 22 1 TR, (SO B AR 2 AT PR s, LR
W Z ML TR, B AP SR Y 2 2 di g
PO RIR N BEMERR AT B SRR 0 R AR . R
TF R BRI FE 4R AT R W 5T, X I 1 22 PR 45 i 40
J2 1 05t 2R R0 KA A 4 B B A T B

1 A AT 3 43 BT AR 5 1 SR R AR 0 JE 4R AT Ol B
FEARIE S. P. Timoshenko %8 AU #2714 304 F4 2
BRI, SR A 2% 0B SR A A RO T I, AR
I v 26 R 81 TR 1) 4 AT B8 h e o T A SR AR AR 1) R
NSRS . ZIT IR — o B L Re i i e
AR B 1) e AR R P S ABR AT AR AE LT [R]85 42
J2 52 2 1 JLART AT R R R T M DL S8 4 SR AL 2)
B0 AH AR FTE AESN TV F R W] BE k2B AH N U B,
T 3 4 JH K e R SRy 3% S ) R AR B T, T R TR AT
Al 7= AR 2 80 W Bl 5 3) R R B B S R
TETE (200 86 6 153 BF . APT 45 4 7 JC I B 500308 A4 Aty 2
T ) B I R BRIA A 0. 2% AR LA AT

13.70

Cc; = 90°
& "3
o~ (=

3 &
A3 (&
3.40
1 B

BHIRZ N -0 AF % & % ] Ramberg-Osgood
AR,

o

e=§[l+q {G—J%] (D)

K e WEFRNL AL 5 0 Ry 55 RN J) o MPas E g 5P

B MPas o Fl o 8 32 MR E S50 500 0

3/7 1050, KB HRZ RN T A SCUE 600 MPa,
BARZ RN TN AR i W 2 s .

R. Cuamatzi-Melendez % A3l i3 $0{E ¥ 04 7
HRRBEZYSHNET 0 BR M R 5 A AR I
PR 86 s Wang Wei 58 MR I 45 ) 55 M 52 i
T3 PUAR 1) )5 46 o3 A HL 25 2R 5 30 52 A7 (R 22 0
C. P. Pesce % NN HE ST T B2 402 1 = 4 45 BR
JUHERL, I3 A JZ 18] 3 3l o A5 TF 5 i xE LA S8 A 2
CLER DA AR BUE R S T B AR 2
JONS S I 1Y 58 R AE

FUE RS R R ol gk R A, KR A
R NN N L LSS v O X U |
AN 2 235 W A Y AP 7 i BB B BUH B
PRI T Joe B 40 22 3ok ok B e 1 R B RE ) a0, LA AR
MG, BT DL B )8, 5835 R MR AL U7 vk
HENL T B A R E R 0 B AR R A BR TR A, B 5T
TAEAR 1) SRR BT AR R R )2 ) 5 ik A1 s B 000 X
AR A 1) H A R P R S

R4S VQIER it

1.1 BREZHUEMHIIELME

LN AR R 203. 3 mm BB 32 B0 4, 3L
R 5 HAR R U RS an &l 1 s (B 1 L 8
P ALY R mm) . WM R 193 GPa, il
FALL R 0.3, % B 7 850 kg/m’, M — A
86. 0°~87. 57 HILXT - ZR 2 A% [] He 45 5 M 11 5% 1) 48
ANE SR R T R AR AR e Z W A A S

8.60 -

=2.00=
\_/

12.00

BRI ESH

Fig. 1 Profile parameters of the skeleton layer
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Fig. 2 Stress-strain curve of the skeleton layer
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Fig. 3 Numerical model of skeleton layers and meshing results
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Fig. 4 Numerical model and meshing of three-point radial com-

pression
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Fig. 5 A force diagram of three-point compression ring
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Table 1  The two-point/three-point compression radial dis-

placements of skeleton layers
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Fig. 6 Results of four-point compression radial displacement
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Fig. 7 Results of five-point compression radial displacement
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Fig. 9 The relationship between skeleton layer loading and

radial displacement
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radial displacement
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Table 2 The maximum extrusion displacement and unloading

displacement of the tensioner

2 3. 40 0.23 0. 06
3 3.70 0. 24 1. 67
4 3. 80 0.24 2.46
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Table 3 The maximum load on the tensioner when flexible

riser passes through the tensioner
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