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Abstract:  Flexible risers have been used extensively in recent years for floating and early production systems.

Such risers offer the advantage of having inherent heave compliance in their catenary thereby greatly reducing

the complexity of the riser-to-rig and riser-to subsea interfaces. Another advantage with flexible risers is their

greater reliability. Concerns about fatigue life, gas permeation and pigging of lines have been overcome by ex-

tensive experience with these risers in production applications. In this paper, flexible riser analysis results were

compared through coupled and uncoupled dynamic analyses methods. A time domain coupled analysis capability

has been developed to model the dynamic responses of an integrated floating system incorporating the inter-

actions between vessel, moorings and risers in a marine environment. For this study, SPM (Single Point

Mooring) system for an FSU in shallow water was considered. This optimization model was integrated with a

time-domain global motion analysis to assess both stability and design constraints of the flexible riser system

Keywords: Dynamic analysis, Coupled analysis, Flexible analysis, Harmony search algorithm.

1. Introduction

Traditionally, the motions of a floating vessel and
the load effects in mooring lines and risers have been

analysed by a separated two step-procedure [1]:

1) Compute motions of the floater based on
large body (diffraction/radiation) theory in
which load effects from risers are modeled as
a linear restoring force only. This is typically
a linear frequency domain procedure, or a
more sophisticated de-coupled time domain

procedure can be used.

2) Apply the vessel motions computed in step 1

as a terminal excitation of the mooring line or

riser system in order to computed dynamic load

effects. This is typically carried out using a

non-linear time domain procedure due to

inherent non-linarites present in these systems.

The main shortcomings of this separated approach

are:

Mean loads on riser and mooring lines due
to current is not accounted for.

The important damping effect from the
mooring and riser system on the LF (Low
Frequency) motions can only be included in
a simplistic way.

T Corresponding Author: Division of Naval achitecture & Offshore Engineering, INHA University, Inharo, Nam-gu,
Incheon 402-751, Korea, E-mail: aes102@hanmail.net, Tel: 032-860-7342

1 Division of Naval achitecture & Offshore Engineering, INHA University, E-mail: chjo@inha.ac.kr, Tel: 032-860-7342

2 Division of Naval achitecture & Offshore Engineering, INHA University, E-mail: doyoubkim815@inha.edu, Tel:

032-860-7342

3 Division of Naval achitecture & Offshore Engineering, INHA University, E-mail: momgukh@inha.edu, Tel: 032-860-7342

This paper is extended and updated from the short version that appeared in the Proceedings of the International
symposium on Marine Engineering and Technology (ISMT 2013), held at BEXCO, Busan, Korea on October 23-25,

2013.



Chul-Hee Jo - Do-Youb Kim - Su-Jin Hwang - Yu-Ho Rho

* The dynamics of mooring lines will not
influence the WF (Wave Frequency) motions
of the floater.

The effect of these shortcomings will increase con-
siderably when water depth increase. In deep water,
the interaction between mooring lines/ risers and the
floater will be pronounced, and a separate analysis
approach may be too inaccurate. In a coupled ap-
proach the total floater and slender structure response
is solved for simultaneously at every time step in the
simulation. In this way, the full interaction between
floater and slender structure is accounted overcoming

the limitations by a separated approach.

2. Coupled analysis methodology

All the system components are described in a finite
element (FE) model. The applied FE procedure is a
displacement formulation that allows for unlimited
displacements and rotations in the three-dimensional

space, while the strains are assumed to be moderate.

2.1 Coupled effects

Coupling effects refer to the influence on the float-
er mean position and dynamic response from slender
structure restoring, damping and inertia forces. These

force contributions are elaborated as follows.

Restoring:

1) Static restoring force from the mooring and
riser system as a function of floater offset

2) Current loading and its effects on the
restoring force of the mooring and riser
system

3) Seafloor friction (if mooring lines and/ or
risers have bottom contact)

Damping:

4) Damping from mooring and riser system due
to dynamic, current, etc.

5) Friction force due to hull/ riser contact.

Inertia:

6) Additional inertia forces due to the mooring
and riser system

In a traditional de-coupled analysis, 1) can be ac-

curately accounted for. 2), 4) and 6) may be

approximated. Generally, 3) and 5) cannot be ac-

counted for. However, a coupled analysis as described

previously can include consistent treatment of all

these effects.

2.2 De-coupled analysis

In a de-coupled analysis the equations of the rigid
body floater motions are solved in time domain, but
the effects of the mooring and riser system are in-
cluded quasi-statically using non-linear springs, i.e.
quasi-static restoring force characteristics. All other
coupling effects, e.g. contributions from damping and
current loading on the slender structures, need to be
given as input to the analysis based on a separate

assessment.

STEP 1: STEP 2:
Vessel motion analysis Dynamic mooring and riser analysis

\ Apply top end motions x(t) and z(t)
Large ]ﬂ F4 Z(t)
ool g ()
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Figure 1: Tllustration of traditional separated

analysis
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Figure 2: Illustration of coupled analysis
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2.3 Coupled analysis

In a coupled analysis the complete system of equa-
tions accounting for the rigid body model of the
floater as well as the slender body model for the ris-
ers and mooring lines are solved simultaneously using
a non-linear time domain approach for dynamic
analysis. Dynamic equilibrium is obtained at each
time step ensuring consistent treatment of the floater/
slender structure coupling effects. The coupling ef-
fects are automatically included in the analysis

scheme.

2.4 Coupled equations of motions

The governing dynamic equilibrium equation of the

spatially discretized system is expressed by
Rr,r,t)+ R(r, 7, t) + R%r,t) = RH(r,,t) 1)

where R', R® and R® represent inertia, damping and
internal reaction force vectors respectively. RE is the
external force vector. r, r and r are the structure

displacement, velocity and acceleration vectors [2].

The inertia force vector is expressed as
Rr,rt) = Mr)r ?2)

where M is the system mass matrix that includes
structural mass, mass accounting for internal fluid
flow in pipes, and hydrodynamic mass. The damping

force vector is expressed as

R"(r, r )= C‘(r)7 3)

where C is the system damping matrix that includes
contributions from internal structural damping as well

as hydrodynamic damping.

The internal reaction force vector R¥r,r.t) is cal-
culated based on the instantaneous state of stress in
the elements. The external load vector accounts for
weight and buoyancy, forced displacements, environ-
mental forces and specific forces. Equation (2) ex-

presses a nonlinear system of differential equations.

Nonlinearities may be due to the displacement de-
pendencies in the inertia and damping forces and due
to the coupling between the external load vector and

structural displacements and velocity.

Introducing the tangential mass, damping and stiff-
ness matrices at start of the time increment, and im-
plementation of the residual force vector from the
previous time step, the linearized incremental equa-

tion of motion is given by
MA+ A+ KA = BY 5~ (RHBPHE) - (4)

where Ar, Ar and Ar are the incremental nodal ac-
celerations, velocities and displacements respectively.
All force vectors and system matrices are established
by assembly of element contributions and nodal com-
ponent contributions in a common global reference

frame.

In a coupled analysis the floating vessel is treated
as a nodal component assuming the vessel acts as a
rigid body. The forces on the vessel, represented by
large volume body, are computed separately at each
time step end included in the external load vector
RE. The exception is the vessel inertia forces repre-
senting the vessel mass and the frequency-in-
dependent part of the added mass which are included

in the mass matrix of the system.

3. Harmony search algorithm

This paper identifies the factors affecting the flexi-
ble riser configuration design. Existing 15” flexible
riser was designed as a way to optimize by HS
(harmony Search). This paper was written on the pa-
per, based on the price of the mooring line opti-
mization achieved in the design of shallow water in
the clean-up, and a combination of variables that af-
fect the optimization of the mooring line and the var-
iables that affect the design of a flexible riser impact
of were identified [3].
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Compared to other simulation-based meta-heuristic
optimization algorithms such as simulated annealing,
tabu search, and generic algorithm [1][2][4]-[6], HS
process

was adopted from musical of finding

‘pleasant harmonies’.

Fundamental five steps of an HS for the cost-opti-
mum riser system design are shown Figure 3, and
they are summarized as follows [7]:

Step 1: Design variable / algorithm parameter

initialization;

Step 2: Harmony memory initialization;

Step 3: Generation of a new harmony

Step 4: Harmony memory update if needed; and

Step 5: Improvisation stopping criterion check

Step Lo Parameter sct up

HM3

1ML R — —— :
PAR Step 3: Improvision Mew Harmony
Mo. of improvisian {fer

Select a now solution vector or
genarate it

Ntep 2 HM Inftialization
Saolution wector generatod > L' -
- |

== |
]

Siep & 1M Update

in HMY
any

T Hlepif (] - her) Stop

)
Figure 3: Flow chart of HS
designing a flexible riser system

algorithm for

3.1 Step 1: Parameter set-up

From the constraints in the configuration design of
flexible riser affecting shallow water such as water
depth, environmental loads, FPSO's Turret types
(Internal turret or External turret position), FPSO's
offset (Near, Far
(Diameter). The design environment condition is sum-
marized in Table 1.

and Cross position and D

A JONSWAP spectrum was used to model wave,

while the NPD spectrum was used to model the gust-

iness of the wind. The principal characteristics of the
FPSO are shown in Table 2. Table 3 shows FPSO

offset when mooring lines are connected to FPSO.

Table 2: Environment condition data

L Wave Wind Curg,: Culmig
Direction
Hy (m) | T, (s) | Vw (m/s) | V. (m/s) | V. (m/s)
N 4.6 9.1 20.6 0.66 0.65
NE 2.9 7.4 18.6 0.33 0.33
E 3.0 7.6 19.5 0.44 0.44
SE 5.5 9.9 25.2 0.79 0.78
S 39 8.5 22.3 0.55 0.54
SW 3.0 7.5 17.0 0.3 0.29
W 3.5 8.0 19.8 0.56 0.56
NW 5.9 10.2 26.0 1.07 1.06

Table 3: FPSO Particulars

FPSO  Particulars

Length overall (m) 334.67
Length between perps (m) 302.00
Breadth (m) 60.00
Depth (m) 33.00
Condition LC 012 LC 021
Ballast Fully Loaded
Displacement (Te) 139114.4 405175
Draught aft (m) 8.35 23.75
Draught mid (m) 8.29 23.00
Draught forward (m) 8.24 22.20
GM 28.75 5.80
Table 4: FPSO offset
FPSO  Offset
Near 11.5 (m)
Far 13.6 (m)
Cross 17.2 (m)

The flexible riser designs are affecting by these de-
pendent variables such as loading conditions, internal
fluid, buoy property, riser property, marine growth
and Cy (Drag coefficient). Table 4 shows that 15” ris-
er property that existing installed in areas. Table 5
shows that flexible riser analysis cases. Flexible riser
and buoy were designed through optimizing the HS
based on various constraint and dependent conditions.
In other word, buoy was designed according to the
variables of each dependent conditions like that the
required size of the buoy, buoy number, location and

spacing of the buoy.
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Table 5: 15" riser property

Parameter 15-inch

Internal diameter (mm) 381.0
External diameter (mm) 491.1
Weight in air empty (kg/m) 217.87
Bending stiffness (kNm?) 432.12
Axial stiffness (106N) 151.51
Torsional stiffness (108Nm?/rad) 0.23

Table 6: Riser analysis case

Riser S.G 075 [ 09 ] 105 | 12
Cq 0.66 0.7 0.74
Marine Growth 0 50% 100%
Internal fluid API 20° API 19° API 16° | Seawater
Weight in air (kg/m) || 145.618 | 174.742 | 203.865 | 232.988

3.2 Step 2: HM initialization

The initial HM consists of different solution vec-
tors of HMS. Each solution vector has diameter and
length values for each buoy component and riser
system. In this study, riser design and analysis was
performed according to the existing design 15 riser
system. Existing design 15” risers mean configuration
is shown in Figure 4. Riser was designed in the
shape of the ‘double lazy-S and a total length of
195m. Buoy was divided into DB1 and DB2 were
each 6 and 8 per installed.

Figure 4: 15" riser mean configuration

3.3 Step 3: Generation of a new harmony

Improvisation of a new harmony is performed
based on three rules: (i) memory consideration, (ii)
pitch adjustment, and (iii) random selection [8]. Riser
and FSU were implemented modeling, hydrodynamic
analysis and riser analysis using DNV SESAM pro-
gram software. The riser weight and diameter have

been evaluated for the various fluid conditions.

4. Analysis and Results

4.1 Compute line shape

In static analysis it is convenient to distinguish be-

tween the following basic load types [2]:

1) Volume forces (weight and buoyancy)

2) Specified displacements (i.e. displacements

from stress-free configuration to final position
of nodal points with specified boundary
conditions)

3) Specified forces (nodal point loads)

4) Position dependent forces (current forces)

The incremental loading procedure starting from
stress-free configuration is organized in a sequence of
load conditions where each load condition consists of
one or more of the basic load types. Figure 5 illus-
trates the compute line shape method. Each load con-
dition is applied in a specified number of load incre-

ments [2].

free innitial i

1- Volume forces, 2- Precribed displacement, 4- current force

Figure 5: Compute line shape method

4.2 Analysis

Static analysis was carried out lumped load and
mass formulation and dynamic analysis performed un-
coupled analysis by irregular time domain. The purpose
of this analysis is to find the most suitable riser config-
uration, the extreme riser top excursions may be ac-
commodated in the most unfavorable environmental

conditions i.e. the 100-year thunder storm condition [9].

The crucial parameters of this design verification

are:
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1) Minimum radii of curvature of the flexible
pipe.

2) Loads induced by the risers on the top
connections.

3) Loads in the risers at the TDP (Touch Down
Point).

4) Relative positions of the riser sag with
respect to the sea bed.

5) Relative position of the riser top section with
respect to the FSU vessel shell.

6) Lateral excursion of the risers.

4.3 Results

A flexible riser was analyzed by two methods such
as uncoupled analysis and coupled analysis. Also,
through compute line shape analysis was performed a
flexible riser configuration optimization. From the
configuration optimized riser, global response analysis
compared with coupled analysis. The results of analy-
ses for full loading and ballast conditions are ex-

plained briefly below:

Full-loading condition

1) Near position: At +11.03m near position, the
three cases : case 1, case 2 and case 3 are
failed to have the stable solutions. However
at +6m near position from the mean, case 1
satisfy the stable criteria. For marine growth
of 50%, case 1 and case 2 are stable except
case 3. However, for marine growth of
100%, the risers become heavy causing the
riser to contact with seabed for all cases.

2) Cross position(y+20m): The cross position
means when the riser moves 20m to y
direction. All cases show stable for the cross
position. However for 100% marine growth,
none of cases is stable since the riser
contacts seabed. For the 50% marine growth,
case 2 and case 3 indicate stable with

bottom clearance of 1~2m.

3) Far position (-11.61m): For the far position
of -11.61m, all cases become stable.

Ballast condition

1) Near position (+11.3m): All cases are resulted
unstable for the near position. However, for
marine growth of 50%, all cases show stable.
For marine growth of 100%, the riser of all
cases contacts seabed.

2) Cross position(y+20m): All cases show stable
regardless of fluid properties or marine
growth.

3) Far position (-11.61m): All cases are stable.

Table 6 summarizes the results of uncoupled anal-

ysis and Table 7 is coupled analysis results.

Compare to the uncoupled analysis, coupled anal-
ysis results are more stable especially in API 207
case due to the weight. However, there are not much

different in two analysis method.

Table 7: 15" riser analysis result with uncoupled
method

Full-loading Ballast
15" riser Condition Condition

Near|Crosy Far |Near|Crosy Far

INormal o o o X o o

API20° Marine-growth 50% o x o] o] o o
Marine_growth  100%| x X o X o o

INormal X o o X o o

API19° Marine-growth 50% o o|lofofo o
Marine_growth ~ 100%| x X o o o

INormal X o o X o o

API16° Marine-growth 50% X o|lofofo o
Marine_growth  100%| x x o X o o

Table 8: 15" riser analysis result with coupled
method

Full-loading Ballast
15" riser Condition Condition

Near[Cross| Far |Near|Cross Far

INormal o o|lofofo o

API20° Marine-growth 50% o o o o o o
Marine_growth ~ 100%] x o o X o o

INormal x o | o x o o

API19° Marine-growth 50% o o o o o o
Marine_growth ~ 100%] x X o o o

INormal x o | o x o o

API16° Marine-growth 50% X o o o o o
Marine_growth  100%] x X o X o o
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5. Conclusions

In this study, comparisons between the uncoupled
and coupled approaches are presented. To obtain the
uncoupled results, a low frequency quasi-static compu-
tation was first performed using zero frequency
asymptotic value for the added mass and damping co-
efficient, neglecting also the line inertia. The RAO
and mooring stiffness are computed once for all in the

position of static equilibrium under stationary loads.

A method for coupled motion analysis of floating
moored structures is outlined and applied to case ex-
ample of a turret-moored ship operating in 55m water
depths. Turret motions, line tensions and clearance
with seabed from simulation, uncoupled analysis and

coupled analysis are compared.

Through this study, the shallow water of a flexible
riser design to a number of constraints that were
identified and the biggest factor is the offset of the
FPSO. So, riser must be having an enough stability
to be ensured within the range of FSU offset. Buoy
design is not easy to satisfy all the conditions of the
fluids in shallow water because the production riser

has different internal fluid cases.

Depending on the fluid of S.G dynamic character-
istics are very different. Therefore, depending on a
variety of fluid S.G under the various conditions,
many case studies are required to optimize buoy
design. For an economical buoy design, considering
the number of buoy, size, price, spacing and etc. the

detailed design is required.
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