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a b s t r a c t 

Previous steel catenary riser (SCR) models targeted for VIV prediction are truncated at touchdown point (TDP) 

where simple constrain and rotation stiffness are generally applied. In this study, a time domain approach 

accounting for the SCR–soil interaction is proposed to predict the cross-flow (CF) VIV induced fatigue damage 

of a SCR near TDP. The hydrodynamic force is simulated based on the forced vibration test data as a function of

the non-dimensional amplitude and frequency, and an empirical damping model. When the non-dimensional 

frequency associated with the calculated frequency falls in the excitation region, the natural frequency closer 

to the frequency corresponding to the maximum excitation force is taken to be the dominant frequency, and 

applied to obtain the excitation force. The SCR–soil interaction model takes into account the trench shape, 

and the mobilization and release of the soil suction. Fatigue damage is linearly accumulated by using the 

rain-flow counting methodology. To validate the proposed models, simulation for a riser model test is carried 

out, and the envelopes of RMS displacement, curvature, and fatigue damage are compared. Further works 

focus on the sensitivity of VIV induced fatigue damage near TDP to the seabed parameters, such as mudline

shear strength, shear strength gradient and soil suction, and some conclusions are obtained. 
c © 2013 Elsevier Ltd. All rights reserved. 
 

 

. Introduction 

Steel catenary risers (SCRs) are considered to be technically fea- 

ible and commercially efficient solutions for deepwater oil and gas 

roductions, and used extensively in recent years [ 1 , 2 ]. However, due 

o its slender feature and particular configuration, the designer still 

ncounter some challenging issues affecting the fatigue life of a SCR. 

hen a riser is exposed to ocean current, periodic vortex shedding 

ccurs at the two sides of the riser. This can cause the riser vibration, 

amely VIV. When the vortex shedding frequency and the riser re- 

ponse frequency are locked in, the riser response would be severely 

agnified, which may cause fatigue damage accumulation. Touch- 

own point (TDP) where SCR starts to contact the seabed is one of the 

ritical positions prone to fatigue failure. Therefore, it is essential to 

redict the VIV response near TDP accurately in a SCR design. 

VIV is a complex fluid–structure interaction phenomenon. The 

tudies for VIV mainly focused on the laboratory test of rigid cylinder 

n the initial stage to capture the particular phenomena and charac- 

eristics [ 3 –5 ]. Based on these tests, some frequency domain codes for 

IV assessment have been developed, such as Shear7 [ 6 ] and VIVANA 

 7 ], and are widely used in the riser design by using large safety factor 

 8 ]. Frequency domain approach can economize the computational 
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time, but cannot account for the variation of current, the soil–SCR in- 

teraction and some other nonlinear boundary conditions. Therefore, 

many recent studies focus on the time domain method. Finn et al. 

[ 9 ] and Grant et al. [ 10 ] developed the time domain code, ABAVIV, to 

simulate the intermittent VIV phenomena observed in a Joint Industry 

Project [ 11 ]. This code is based on the finite element package ABAQUS 

and uses user subroutine to connect the riser response with hydrody- 

namic force model in Blevins [ 12 ]. Cheng et al. [ 13 –15 ] carried out the

validation works using different riser models, and found that ABAVIV 

can well capture the higher harmonics response which frequency do- 

main approach fails to achieve. According to forced algorithm, Ma and 

Qiu [ 16 ] used forced vibration test data [ 17 , 18 ] to predict CF-VIV of

the riser test model in Chaplin et al. [ 19 , 20 ] in time domain. Sidarta 

et al. [ 21 ] developed VIV time domain prediction code, SimVIV also 

based on ABAQUS by implanting the lift coefficient used in Shear7 

version 4.2-f [ 6 ]. Wang et al. [ 22 ] proposed a time domain approach 

using a new VIV lock-in criterion and preliminarily validated it by 

comparing with the model tests. 

Time domain VIV studies mainly focus on top tension risers (TTRs), 

and only few works [ 23 ] are on the investigation of SCRs. Larsen and 

Passano [ 23 ] pointed out that the predicted VIV induced fatigue dam- 

ages using truncation SCR and full SCR considering touchdown zone 

are obviously different. Therefore, it is necessary to combine a time 

domain VIV model and a reasonable SCR–soil interaction model to 

simulate the response near TDP. Actually, many studies for the SCR–

soil interaction mechanics have been carried out and proposed some 

practical models. Based on the STRIDE and CARISIMA JIPs [ 24 , 25 ], 

http://dx.doi.org/10.1016/j.apor.2013.09.003
http://www.sciencedirect.com/science/journal/01411187
http://www.elsevier.com/locate/apor
http://crossmark.dyndns.org/dialog/?doi=10.1016/j.apor.2013.09.003&domain=pdf
mailto:hongxiangxue@sjtu.edu.cn
http://dx.doi.org/10.1016/j.apor.2013.09.003
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Fig. 1. A model of SCR subjected to current flow. 

Fig. 2. Contour plot of the lift coefficient, C V [ 4 ]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Flowchart of VIV analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bridge and Laver [ 26 ] proposed the conservative large displacement

soil stiffness model and soil stiffness model considering soil suction

force. Aubeny et al. [ 27 ] used the backbone curve and beam-spring

model to obtain the riser shape near the touchdown zone (TDZ), and

depicted the SCR–soil interaction by nonlinear hysteretic model in-

cluding four stages: re-contact, elastic rebound with full soil–pipe

contact, partial soil–pipe separation and full separation, see Fig. 4 .

Nakhaee and Zhang [ 28 ] implanted the nonlinear hysteretic model

into finite element code, CABLE3D, and discussed the trench develop-

ment and its feedback effect on the bending moment near TDP. Wang

et al. [ 29 ] linearized the hysteretic model and studied the effects of

the seabed parameters on the fatigue damage near TDP. It should be

noted that although the SCR–soil interaction has been extensively in-

vestigated, previous studies [ 30 –32 ] usually employ the truncation

model with simple constrain at TDP, and some characteristics of VIV

response near TDP may be hardly obtained. 

The objective of this paper is to develop an approach for the VIV

prediction of SCRs, and further investigate the effect of seabed param-

eters on the VIV induced fatigue damage near TDP. All works cover

the following parts. Firstly, a time domain code for VIV prediction is

developed, using the forced vibration test data [ 4 ] and an empirical

damping model [ 33 ] to simulate the hydrodynamic force. Secondly,

a linear hysteretic model and a trench shape model are proposed to

model the SCR–soil interaction and rain-flow counting methodology
is introduced to calculate the fatigue damage. Then, the proposed ap-

proach is validated by comparing with the RMS displacement, curva-

ture, and the fatigue damage of the riser model experiment. Further-

more, parametric studies are carried out to quantify the sensitivity of

the fatigue damage near TDP to seabed parameters. 

2. VIV prediction model 

2.1. Model formulation 

SCR is a nonlinear slender structure with particular configuration.

Fig. 1 shows a model of SCR including the TDZ in the global Cartesian
coordinate system and a riser element in curvilinear coordinate sys-

tem. Considering high aspect ratio of length to diameter, SCR response
can be depicted by the following differential equation: 

ρr̈ + c ̇r + ( EI r ′′ ) ′′ − ( T e r 
′ ) ′ = F f + F s (1)

where r is the position vector, dots and primes denote differentiation

with respect to time T and arc length s respectively. ρ is the riser

mass per unit length, c is the structural damping, E is the elastic

modulus, I is the moment of inertia, T e is the effective tension, F f is

the hydrodynamic force, and F s is the seabed resistance. 

As regards to VIV analysis, the hydrodynamic forces associated

with vortex shedding are generally decomposed into two compo-

nents: excitation force, F V in phase with riser velocity, and inertia

force, F M 

in phase with riser acceleration [ 34 ]. By assuming that the

riser yields to sinusoidal response, they can be expressed as: 

F V = 

1 

2 
C V ( A 

∗, f r ) ρ f DV 2 cos ( ωT ) (2)

F M 

= 

π

4 
C M 

( A 

∗, f r ) ρ f D 

2 ω 

2 A sin ( ωT ) = −m a ̈r (3)

where C V ( A 

* , f r ) and C M 

( A 

* , f r ) are excitation coefficient and added

mass coefficient, A 

* = A / D is the non-dimensional amplitude, f Y = fD /

V , f is the dominant frequency of riser’s response, ρf is the fluid density,

D is the riser diameter, V is the current velocity, A is the response

amplitude, ω is the circular frequency, and m a is the added mass per

unit length. 

In this study, the forced vibration test data of rigid cylinder [ 4 ]

are applied for the hydrodynamic force. Fig. 2 gives the contour of

C V as functions of A 

* and f Y . Positive coefficient means excitation

force synchronizes to the riser motion, whereas negative values mean

hydrodynamic damping. The corresponding damping coefficient is
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Fig. 4. SCR–soil interaction model. 
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Fig. 5. Sketch of TDZ element connected with SCR. 
btained according to the equivalent dissipated power: 

 f = − C V ρ f V 
2 D 

2 Aω 

(4) 

Outside the test range defined by f r in Fig. 2 , the empirical damping 

odel proposed by Venugopal [ 33 ] widely used in the frequency 

omain code [ 6 , 7 ], is applied to model the hydrodynamic damping. 

or the completeness, it is briefly described below. 

High non-dimensional frequency damping model: 

 f = C lf ρ f DV + c sw 

(5) 

here C lf is an empirical coefficient taken to be 0.18. c sw 

is the still 

ater contribution given by: 

 sw 

= 

ω πρ f D 

2 

2 

[ 

2 

√ 

2 

ωD 

2 /v 
+ C sw 

(
A 

D 

)2 
] 

(6) 

here ν is the kinematic viscosity of the fluid, and C sw 

is an empirical 

oefficient taken to be 0.2. 

Low non-dimensional frequency damping model: 

 f = 

C hf ρ f V 
2 

ω 

(7) 

here C hf is an empirical coefficient taken to be 0.2. 

.2. Determination of amplitude and dominant frequency 

As shown in Fig. 2 , VIV response has an excitation region de- 

ermined by non-dimensional frequency. In VIVANA [ 7 ], its band- 

idth is defined from 0.125 to 0.2, which is corrected for the vari- 

tion of Strouhal frequency according to Eq. (8) . In this region, the 

on-dimensional frequency corresponding to the maximum excita- 

ion force approximately allows for the largest amplitude. This study 

onsiders the point as the power-in center. 

f r 

S t 

)
test 

= 

(
f r 

S t 

)
actu al 

(8) 

For each element, the most probable dominant frequency is pre- 

iminary defined by the natural frequency closer to power-in center. 

y assigning an initial amplitude and the probable dominant fre- 

uency to each element, the hydrodynamic force can be calculated 

o drive the oscillation of the SCR. At each calculation step, the dis- 

lacement, velocity and time are extracted to update the amplitude 
and frequency. It should be noted that this frequency is named by 

calculated frequency, not the dominant frequency. 

If the calculated non-dimensional frequency falls in the excita- 

tion region, lock-in would occur and the most probable dominant 

frequency would be assumed to the actual dominant frequency; if 

not, the calculated frequency would be considered as the dominant 

frequency. Once the dominant frequency and amplitude are deter- 

mined, the hydrodynamic force can be calculated for the next step 

VIV analysis. The flowchart of the VIV analysis is shown in Fig. 3 . 

3. SCR–soil interaction model 

The nonlinear hysteretic model proposed by Aubeny et al. [ 27 ] is 

shown as the black solid curve in Fig. 4 . It is seen that the soil resistance 

is changed to suction when the SCR moves upwards. Compared with 

the conservative large displacement soil stiffness model and soil stiff- 

ness model considering soil suction force [ 26 ] depicted by dot dash 

line and dash line respectively in Fig. 4 , this model well describes 

the SCR–soil interaction process: loading–unloading–reloading. 

This study proposes a linear SCR–soil interaction model as showed 

in Fig. 4 , following the enclosed dash line ( → → ), which is 

determined by three points: trench depth point 1, maximum suction 

point 3 and SCR–soil separation point 4. According to the model, a 

single point TDZ element is created in the finite element code. Fig. 

5 shows the TDZ element c connected with beam element a and b 

by node j . In a response loop, when node j penetrates into remoulded 

seabed, TDZ element applies upward resistance to SCR. The resistance 

increases to the maximum at point 1, and then decreases along dash 

line , and further changes to soil suction. For the case that the 

node j moves upwards without arriving at point 1, the P –| z | relation 

is assumed to follow a straight line parallel to dash line , such as 

double dot dash line . 

Continuous impact of a SCR can cause seabed plastic deformation 

with trench development. Trench depth is not uniform along TDZ. In 

Bridge and Howells [ 35 ], the trench is observed as ladle shaped in 

profile, and the SCR is in general considered to include three zones: 

catenary zone, buried zone and surface zone, as shown in Fig. 6 . 

At the surface zone, the trench depth is the self-weight penetra- 

tion against the virgin seabed with the resistance, P following the 

backbone curve expressed as follows [ 27 ]: 

P = N P D ( S 0 + S g | z | ) (9) 

where N P is a dimensionless bearing factor, S 0 and S g are mudline 

shear strength and shear strength gradient respectively. 

According to the observed shape, the trench corresponding to the 

buried zone is simplified to linear and nonlinear zones. As an attempt, 

the horizontal length l B and l L , and the slope angle α of the linear zone 
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Fig. 6. Sketch of trench shape. 

Table 1 

Parameters of SCR–soil interaction model. 

Particulars Definition 

| z | max Maximum depth of trench for 

beam-spring model 

S 0 Seabed mudline shear strength 

S g Seabed shear strength gradient 

μsep Riser-soil separation factor | z | 4 / | z | 1 
λ suc Position factor of maximum suction (| z | 3 

− | z | 4 ) / (| z | 1 − | z | 4 ) 

f suc Maximum suction factor –P 3 / P 1 
γ Empirical parameter for trench shape 

ϕ Empirical parameter for trench shape 

β Empirical parameter for trench shape 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

are given as: 

l B = γ
√ | z | max /D /ρ1 / 3 

l L = 

√ | z | max /D 

1 + ϕ 
√ | z | max /D 

ϕl B 

α = at g 
(
β
√ | z | max /D 

) (10)

where | z | max is the maximum penetration in a trench, γ , ϕ and β are

empirical parameters. 

The nonlinear zone is described as the following linear differential

equation by assuming the balance of the riser weight and seabed

resistance: 

d 4 | z | 
dx 4 

= 0 (11)

By applying the same trench depth and rotation angle with the

linear zone at left end, and maximum trench depth and zero rotation

angle at the right end, the nonlinear zone shape can be obtained. 

In general, due to the slow-drift motion of the upper end, the

trench often has a long extended zone at the right side of the maxi-

mum penetration position. For simplification, this zone is considered

as the mirror symmetry of the nonlinear zone with respect to the

maximum penetration position. 

According to the calculated trench shape, the penetration and the

associated seabed resistance at point 1 are obtained. The seabed suc-

tion has significant relationship with point 3 determined by two pa-

rameters: λsuc for penetration corresponding to the maximum suc-

tion, and f suc for the maximum suction. Point 4 is the SCR–soil sep-

aration position, determined by parameter μsep . As a summary, the

parameters of SCR–soil interaction model are presented in Table 1 . 

4. Methodology for fatigue damage 

The most common approach for the assessment of riser fatigue is

S–N approach. It assumed that the riser material performance is well
depicted by the S–N equation as follows [ 36 ]: 

N = A 

⎡ 

⎣ �S · S C F ·
( 

t 

t ref 

) k 
⎤ 

⎦ 

−m 

(12)

where N is the permissible number of cycles when applying stress

with a range of �S in MPa, SCF is the stress concentration factor, A

and m are material constants, t / t ref is the thickness correction factor,

the reference thickness t ref equals 25 mm. In this study, the related

parameters are taken as: m = 3, lg A = 11.687, SCF = 1.0 [ 36 ]. 

The rain-flow counting methodology is applied to obtain the stress

range according to the time history of the stress given as the combi-

nation of the axial ( σ a ) and bending stress ( σ M 

): 

σ = σa + σM 

(13)

Based on the stress range, the fatigue damage could be calculated

by using the Palmgren–Miner linear damage accumulation hypothesis

(Miner’s rule): 

D acc = 

N ∑ 

i= 1 

n i 

A 

[ (
�S i · S C F · (

t/t ref 

)k 
)] −m 

(14)

where N represents the number of different stress cycles, n i is the

number of the stress cycle with a range of �S i in MPa, and D acc is the

accumulated fatigue damage. 

5. Validation 

5.1. Validation for VIV prediction model and fatigue damage 

methodology 

Validation work is carried out using the HanØtangen riser model

[ 37 , 38 ], which has the following parameters: the length L = 90 m, the

outer diameter D = 0.03 m, the inner diameter D in = 0.026 m, mass

ratio of riser to displacement water is 3.13, top tension is 3700 N. The

Strouhal number is taken to be 0.19 in the numerical simulation. 

The test was done under several cases with linearly sheared cur-

rent velocity varying from 0.16 m / s to 1.96 m / s at riser top end. The

comparison for the VIV response is carried out by using the case with

maximum current of 0.54 m / s. Fig. 7 illustrates the amplitude spec-

trum of midpoint numerically and experimentally obtained. It is noted

that the proposed model predicts excited mode frequencies from 2

to 3 Hz similar to the test results [ 38 ], but predicts fewer excited fre-

quencies. Therefore, the response is more regular than the measured

data, as shown in Fig. 8 . However, the displacement is almost in the

same region from −0.015 m to 0.015m for both models. The ratio of

RMS displacement to diameter along the riser is demonstrated in Fig.

9 . At the lower end, the present results shows well agreement with

the test data, but at the upper end, is over estimated. Additionally, the

trend of the envelopes shows good accordance. 

To validate the fatigue damage methodology, the numerically and

experimentally obtained fatigue damages for the case with maximum

current of 0.64 m / s are shown in Fig. 10 . Overall, the results show well

agreement, especially at the bottom zone. 

5.2. Validation for SCR–soil interaction model 

Bridge and Howells [ 35 ] reported the observed trenches of sev-

eral SCRs at the Allegheny and Marlin of GoM. This study selects

the trenches of oil and gas export SCRs at Allegheny to validate the

proposed trench model. The two SCRs have the same dimensional

parameters: D = 0.3239 m, D in = 0.2889 m. The parameters m and

| z | max are 182 kg and 2.1 riser diameters for oil export SCR, and are

132 kg and 4.3 riser diameters for gas export SCR. By matching numer-

ically obtained trenches with the field observations, the parameters
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Fig. 7. Amplitude spectrum of midpoint. 

Fig. 8. Displacement response of midpoint. 

Fig. 9. RMS of displacement ratio to riser displacement. 
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Fig. 10. Fatigue damage per year along the riser model. 

Fig. 11. Comparison of trench shape for oil export SCR. 

Fig. 12. Comparison of trench shape for gas export SCR. 
f trench shape are finally taken to be: λ = 122, ϕ = 0.27 and β = 

.016, respectively. 

Figs. 11 and 12 show the trench shape for oil and gas export SCR 

espectively. It can be found that the linear zone is in good agreement, 

hereas the nonlinear zone depth is slightly over estimated. Overall, 

he obtained trench shape is satisfactory, and it will improve the 

rediction accuracy of the fatigue damage near TDP since whether or 

ot considering the trench has a considerable effect on the prediction 

esult [ 24 ]. 

For the proposed linear hysteretic SCR–soil interaction model, it 

s not comparable with the published experimental [ 39 ] and numer- 

cal [ 40 ] models without accounting for an initial trench. Therefore, 
this study qualitatively discusses the proposed model by modeling 

the targeted SCR. The riser principles and the related current are pre- 

sented in the next section, see Table 2 and Fig. 14 , respectively. The 

parameters of the SCR–soil interaction model are: | z | max = 0.6 m, S 0 
= 3.5 kPa, S g = 2.5 kPa / m, μsep = 0.6, λsuc = 0.8, f suc = 0.2, γ = 122, ϕ 

= 0.27, β = 0.016. 
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Fig. 13. Seabed resistance vs. penetration for node 186 (a) and node 190 (b). 

Fig. 14. Current profile. 

 

 

Table 2 

Principles of the targeted SCR. 

Length 1410.8 m 

Horizontal span 791 m 

D out 0.3 m 

D in 0.268 m 

Mass per unit length 112 kg 

Height of top hang off 

point 

975 m 

Hang off angle 12 deg 

Table 3 

Summery of seabed parameter values. 

Parameters Case number 

1 2 3 

| z | max 0.6 0.6 0.6 

S 0 1.0, 2.0, 3.0, 3.5 1.5 1.5 

S g 2.5 1.5, 2.5, 3.5, 4.5 2.5 

μsep 0.6 0.6 0.6 

λsuc 0.8 0.8 0.8 

f suc 0.2 0.2 0.2,0.25, 0.3, 0.4, 0.6 

γ 122 122 122 

ϕ 0.22 0.22 0.22 

β 0.15 0.15 0.15 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The length of the SCR elements at TDZ is set to be 1m. By matching

the trench shape predicted using the trench model with the static
configuration of the SCR, the positions of the maximum trench depth

and SCR–soil separation (i.e. TDP) are identified at nodes 186 and 192

respectively (numbered from the bottom end). The seabed resistance

profiles as function of penetration at nodes 186 and 190 are illus-

trated in Fig. 13 a and b, respectively. It is shown that node 186 turns

to moving downwards without separation with the seabed, accom-

panied with soil suction reduction and then switching to resistance

following the double dot dash line . Node 190 has more severe

response, and separates from and then penetrates the seabed repeat-

edly. Both figures demonstrate that in a full loop, the maximum soil

suction is about 0.2 maximum resistance as expected due to the role of

f suc . Overall, the proposed SCR–soil interaction model can reasonably

simulates the mobilization and release of the seabed suction. 

6. Fatigue sensitivity analysis 

6.1. Model parameters and modal analysis 

Based on the proposed methodology, the sensitivity of the VIV

induced fatigue damage of SCR near TDP is to be invested. This study

targets a SCR with the parameters in Table 2 . The associated current

profile is shown in Fig. 14 . 

Three cases with varying: (1) mudline shear strength, (2) shear

strength gradient, (3) suction factor, are calculated and discussed.

The associated parameters of the SCR–soil interaction model are pre-

sented in Table 3 . 

Due to the assumption that lock-in occurs at the still water natural

frequency, the modal analysis is herein carried out. Fig. 15 shows the

modal shapes for mode 2, 3 and 4. It is noted that the shapes near

TDP is not fixed at the truncation point, A . Therefore, the predicted

response near TDP is likely to be different from the traditional model.

As seen in Fig. 16 , natural frequencies are almost not influenced by

the existence of TDZ. This indicates that the predicted dominant mode

should be the same for the present model and the truncation model. 

6.2. Results and discussion 

6.2.1. Effect of mudline shear strength 

The seabed stiffness has a significant relationship with the mudline

shear strength. Firstly, to identify the critical position, the fatigue

damage along TDZ is obtained as shown in Fig. 17 . Obviously, critical
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Fig. 15. Modal shapes of targeted SCR. 

Fig. 16. Natural frequency of targeted SCR (considering added mass). 
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Fig. 17. Annual fatigue damage along TDZ. 

Fig. 18. Amplitude spectrum of bending moment at node 188 for case 1. 

Fig. 19. Annual fatigue damage at node 188 vs. mudline shear strength. 
osition is near the maximum penetration position (node 186) for this 

ase study, approximately at node 188. In the following content, the 

elated results of node 188 are discussed. The amplitude spectrum 

f bending moment indicates that three modes 23, 24 and 25, are 

ainly excited, see Fig. 18 . Fig. 18 a and b amplify the top location of 

he spectrum for modes 24 and 25. It can be found that except for the 

ase with S 0 = 1 kPa, by increasing S 0 , the amplitude creases for mode 

4, whereas decreases for mode 25. Additionally, the frequencies of 

pectrum peaks are slightly different with varying seabed stiffness. 

he predicted fatigue damage as a function of S 0 is shown in Fig. 19 . 

igher S 0 corresponding to stiffer seabed gives higher fatigue damage, 

nd lower ratio of fatigue damage to S 0 . 

.2.2. Effect of shear strength gradient 

The effect of S g on the fatigue damage at the critical position is 

iscussed. Fig. 20 shows that the amplitude of bending moment asso- 

iated with modes 24 ( Fig. 20 a) and 25 ( Fig. 20 b) are not regular. The

ase with S g = 3.5 kPa / m has largest amplitude for mode 24, whereas 

as lowest amplitude for mode 25. However, the combination of am- 

litude in general increases as S g increases. The fatigue damage is 

hown in Fig. 21 . It indicates that higher S g as well as higher S 0 leads 

o higher fatigue damage and lower ratio of fatigue damage to S g . 

.2.3. Effect of maximum suction factor 

In this section, the effect of f suc on the vertical displacement and 

atigue damage is discussed. Fig. 22 illustrates that increasing suction 

ignificantly reduces the peak value, and slightly reduces the valley 
value. Therefore, higher suction can decrease the motion range and 

the mean response position. Although the vertical motion range de- 

creases with increasing f suc , the combination of amplitudes associated 

with modes 24 ( Fig. 23 a) and 25 ( Fig. 23 b) overall increases. Therefore, 

fatigue damage increases with increasing f suc , see Fig. 24 . 
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Fig. 20. Amplitude spectrum of bending moment at node 188 for case 2. 

Fig. 21. Annual fatigue damage at node 188 vs. shear strength gradient. 

Fig. 22. Vertical displacement time history at node 188. 

 

 

 

 

 

 

 

Fig. 23. Amplitude spectrum of bending moment at node 188 for case 3. 

Fig. 24. Annual fatigue damage at node 188 vs. suction factor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. Conclusions 

A practical time domain VIV prediction model for SCRs is proposed

in this paper. The model can consider the effect of riser-soil interac-

tion based on a new trench shape model, and a linear hysteretic in-

teraction model. The experimentally obtained excitation coefficient

and empirical damping model are employed for the hydrodynamic

force. The dominant frequency of each riser element depends on the

natural frequency, calculated frequency and Strouhal frequency. To
validate the new VIV model, a large scale experimental model is simu-

lated. The VIV response and fatigue damage obtained using rain-flow

counting method show good agreement with the experimental data.

As an attempt, the SCR–soil interaction model taking into account the

trench shape is simplified as linear hysteretic model. The trench cor-

responding to buried zone of a SCR consists of linear and nonlinear

zones. It is validated by comparing with the observed trench at Gulf

Mexico. As for the linear hysteretic model, due to the lack of compa-

rable numerical and experimental models, only qualitative analysis

is carried out. Overall, the proposed models can reasonably predict

the VIV response and capture the mobilization and release of seabed

suction. 

Based on the models, the VIV response of a targeted SCR consider-

ing the TDZ is predicted, and the fatigue damage near TDP is obtained

using rain-flow methodology. By changing the seabed parameters,

parametric studies are carried out, and the following conclusions can

be drawn: 

(1) Compared with the traditional truncation SCR model, the ex-

istence of TDZ does not affect natural frequencies, but affects

modal shapes near TDP obviously. The dominant frequency

near TDP almost remains constant with the variation of seabed

parameters. 

(2) This simple case study indicates that the critical position is not

the SCR–soil separation position, but between the maximum

trench depth position and the SCR–soil separation position. 

(3) Higher mudline shear strength and shear strength gradient

corresponding to stiffer seabed lead to higher fatigue damage,
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and lower ratio of fatigue damage to mudline shear strength 

and shear strength gradient respectively at the critical position. 

(4) Suction decreases the vertical motion span and the mean re- 

sponse position. As the suction increases, the fatigue damage 

at the critical position slightly increases with reduction of the 

ratio of fatigue damage to suction factor. 

It should be noted that the in-line (IL) VIV and the lateral resistance 

f the seabed experienced by the SCR is not considered, which are 

mportant in SCR design. Therefore, the related investigation would 

e worthwhile in the future work to broaden the understanding of 

IV induced fatigue damage for SCRs. 
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