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Safety Assessment of Marine Flexible Risers Considering Effects of Corrosion

WANG Dongjun
(Bureau Veritas Marine China Co., Ltd., Shanghai 200011, China)

ABSTRACT: The work aims to assess the safety of flexible risers considering the effects of corrosion. Based on the under-
standing of corrosion mechanism in the annulus, the changes in sectional dimensions of metal wires in corrosive environments
were quantified. The safety assessment of a flexible riser was conducted using finite element method, with a focus on investi-
gating the influence of corrosion on the riser's structura stiffness, local strength and fatigue life. As the corrosion depth in-
creased, the sectional dimensions of the metal wiresin the annular space decreased gradually, leading to a reduction in the riser's
axial, bending and torsiona stiffness, and a 10% reduction was seen for the axial and torsional stiffness. The reduction in stiff-
ness directly resulted in an increase in the wire stress, which in turn increased the fatigue damage. In addition, an S-N curve
considering corrosion instead of that for the dry annulus should be used in the assessment due to the corrosive environment, re-
ducing the fatigue life from infinity to 2.4 times the design life. It's concluded that corrosion has a significant effect on the
structural stiffness, local strength and fatigue life of flexible risers. To ensure the safety of risersin service, the effects of corro-
sion must be fully considered during safety assessments. Furthermore, effective anti-corrosion measures and monitoring tech-
niques should be implemented to extend the service life of the riser and reduce the risk of failure.
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Fig.1 Structure of unbonded flexible pipe!
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Tab.1 Structural parameters of 12-inch riser

SHL BUE
SR 304.8 mm
PN 488.4 mm

PUERFH)Z 1
PiRFEH)R 2

n=2, 10 mmx4 mm, a=88.9°
n=2, 10 mmx4 mm, a=88.9°

Pihieide)z 1 n=61, 15mmx4mm, a=32.0°
bihriEde)z 2 n=63, 15 mmx4 mm, o=— 31.6°
Ay oy D 931.06 MN@22°
25 it 388.74 kN-m?@22°
FH 2 W 2 13054.20 kN-m*/rad@22°
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Fig.2 Global configuration of 12-inch riser
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Tab.2 Wave parameters for different return periods

mH M /a HJm Hepa/m T,ls Tys

1 7.3 12.6 9.2 11.8

5 8.1 13.9 9.7 12.5

10 9.2 15.8 10.0 12.9

25 10.5 18.1 10.2 13.1

50 11.5 19.8 10.7 13.8
100 12.7 21.8 11.4
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Tab.3 Surface current speed for different return periods

HBW/a FIE L E/ (cm-s™)
1 135
5 164
10 173
25 203
50 216
100 227
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Fig.3 Local analysis model of 12-inch riser
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Tab.4 Structural stiffness of 12-inch riser at different
corrosion depth

JERRERE R W] 5l Y

B /mm (MN) (kN-m?-rad™) (kN-m?)
0.00 931.06 13 054.2 388.74
0.20 874.15 12179.9 385.94
0.25 860.12 11 965.5 385.25
0.30 846.16 11 752.7 384.57

4 BEREESTHT

FeME S R R BE A AT B H Y R e B AR
F L 1 R 2R O A A BT P A (R . AR
. HOCARIEHE APl Spec 173275 ST At 40
A (EZIRNEMKTT); SR 000 2 m7 4l
B AR SRR A BT R B B i A S TR 2 A A B
F1, AR YRR A LR 5

4.1 BEPEESHTIR
R T AR R AL 895K 11, R Orcina

INEIT K B = 4E AR LR P M i 4 OrcaFlex #ES7
FPSO-ZEPESL 45 R GE W SR IRIRY , JF3E4T 30 140 #r
PG MR R K ST, XTI I BREE A A 1]
RIARG 5 . FPSO Mz B 5] LA & FPSO )
B HOR S AT BB E T, B AS B (5K S RERS T 2
ST RN T A S PN R B R 7 37 A A AR [
AR MG THLER ARG I ZE R, 55 B i
FIHEES B de i s AR 7K B 53 8 70 m T 43 m, 3844k
R A 25 54 1 K 70.4 m Fl 44.6 m, S5H6I%L
PrAEHEIT, 0UE TR A vERG T . SRR A A AT R
THUF M Kk T, JEARIERLE S R T4 A X
AR T, UWLER 5.

Bl 4 12 b SRR R Sy Al
Fig.4 Global analysis model of 12-inch riser
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Tab.5 Load cases for local strength analysis

TH R WIE/MPa  #MNE/MPa ik J1/kN
1 =2 2.3 0 222.61
2 W FR 5.6 0 43217
3 20 0 0 310.95
4 W 8.4 0 0
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ATLAE W, FER—TOF, Bl SR i a5,
SRR S B EH K . MIE IR E K 0.3 mm
i, W SR AE 10%~20%,, 4N, Pihisass R 178
W PR TR KT 19%. AR 1A A 8
HER T AR He ], ARy /N B B 45 0 A .
X2 R N 0 R R o e R TR N ) S S R 7R
B LG, S548 7KE8T 1 BO RS BT 58 B2 1 0.9
A5 e A 8 B T B B /N TPTPLAE R SRR T
Jii 5 i A7 800~900 M Pa i iy 55k J&E 89, i FR 4T 7 55k JiF
k 850~1 050 M Pa, {153 H: 2% ¥4 7 28, 71 38 KT 1155
F1o XMW, JayiBom B 1A AR M4 AL
GESIES



134 - £ ar N EITR 2025 4 5
*6 RBREMMEESTER
Tab.6 Results of local strength analysis
Tk e ENE _ J& 1l 0.20 mm ) J& 1l 0.25 mm ) J&h 0.30 mm _
N 3IMPa R R W J3/MPa R A% B J1/MPa FIFT RS N J1/MPa T & 5%
PURESEE 1 33.99 0.042 36.86 0.046 37.62 0.046 38.4 0.047
iR R 2 33.23 0.041 36.07 0.045 36.83 0.045 37.61 0.046
1 YRk e
hihigide)z 1 65.99 0.086 70.68 0.092 71.83 0.094 73.00 0.095
bihiide)z 2 65.35 0.085 70.04 0.092 71.19 0.093 72.37 0.095
PURER)Z 1 90.61 0.112 95.16 0.117 97.13 0.12 99.17 0.122
) IR PURESE)R 2 88.59 0.109 93.14 0.115 95.09 0.117 97.11 0.12
Prfisddiz= 1 133.20 0.174 153.48 0.201 155.96 0.204 158.51 0.207
PrfisadzE 2 13341 0.174 153.11 0.2 155.63 0.203 158.21 0.207
PURERE 1 -9.51 -0.012 -10.15 -0.013 -10.3 -0.013 -10.46  —0.013
3 o PURERE)R 2 -9.29 -0.011 -9.93 -0.012 -10.08 -0.012 -10.24 -0.013
Pz 1 49.44 0.065 52.97 0.069 53.83 0.07 54.71 0.07
P sz 2 46.22 0.060 49.55 0.065 50.37 0.066 51.21 0.067
BURRRER 1 160.95 0.199 174.75 0.216 178.4 0.22 182.19 0.225
4 it PUEfERZE 2 157.34 0.194 171.02 0.211 174.64 0.216 178.4 0.22
iR 1 11232 0.147 120.29 0.157 122.24 0.16 124.23 0.162
prfigad)z 2 11831 0.155 126.81 0.166 128.89 0.168 131.02 0.171
5 ﬁ%‘ﬁﬂ:ﬁ PGSR T A B A Rk At R s e AR s R,
P RN Rok T Fnh R s R, VR R A RO
51 ES9SWHE ST I BT A, TR A B A N T B R 5 SR
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Fig.5 Stress components in tensile armor wire'?®
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Tab.7 Parameters of S-N curves
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Tab.8 Fatigue analysis results of 12-inch riser without corrosion

TR (2P S-N )

BRI (KT S-N L)

[X 15§,
w5 Ffnla 5 FHnla
TR BR 2% 1.00x107%2 1.00x10% 5.95x107° 1680
T B 1.00x107%2 1.00x10% 5.44x107° 183.8
HB B 1.00x107%2 1.00x10% 1.17x107° 85.34
JETRBR A 2% 1.00x107%2 1.00x10% 1.03x107° 96.76
K9 AEABHERET 12 TIENESSINER
Tab.9 Fatigue analysis results of 12-inch riser under different corrosion depth
K J&h 0.20 mm J& i 0.25 mm Jig ik 0.30 mm
i ith FFfirla i5 Ftivla i1 Ftwla
THHR PR 2 2% 7.57x107° 1321 8.02x107° 1246 8.51x107° 1175
LR 6.56x107 152 6.89x107 145 7.24x107 138
s B 1.47x107° 68 1.56x107° 64 1.66x107° 60
JICHB R 25 1.19x1073 84 1.33x107° 75 1.40x107° 71
6 gﬁ% 2.4 %o FETRIREE TR (98 57 T BE WA ML e o 1

ASCHIEFE T 42 B 457 IG5 ok X E b 45 Z2 1k L A
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