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APPLICATION OF THE
FINITE DIFFERENCE TECHNIQUE

TO THE ANALYSIS OF
FLEXIBLE RISER SYSTEMS

P. A. Brown, A. Soltanahmadi and R. Chandwani
Zentech Consultants, London, England

Flexi-ble pipes and risers are critical conponents of offshore field developments because they provide the
neans of transferring fluid or power between individual subsea modules and a topsi.de f:-oatinl platform.
These risers are designed to carry tensile forces and accornnodate floating platforrn motion at the sea
surface by being flexible. They are consequently manufactured to possess high structural axiaL stiffness
and relatively low structural bending stiffness. When considered. in an offshore environment, these
structural ProPerties provide a very small resistance to disturbances caused by wave and current induced
hydrodynanic loadings. Hence their behavi,our can be said to be more mechanical rather than structural and
can be predicted very efficiently using a finite difference numerical solution scherne - this scheme is
particularly suited to these types of structures.

This paPer Presents descriptions and a practicAl-application of efficient numerical methods for static and
dynamic resPonse analysis of flexible ri-ser systems. The static method e*pioyi a dlrnanric relaxati_on
technique coupled with kinetic damping whereas the dynamic rnethod employs an optimised finite dj-fference
scherne incorporated with an irnplici.t and therefore an unconditionally stable time integration algorithm.
the structural behaviour of single and multiple flexible riser systems is examined and some of the problems
associated with flexible risers regarding thej.r mechanical behaviour and manufacturing materials are
discussed.

INTRODUCTION

Governing equations of motion for a transient
structure are a function of space and tine. The
numerical solution of the equations is carried out
by discretising them in space using finite element
or finite difference techniques and in tirne using
explicit or impJ.icit algorithms- Finite element
schemes can be generally applied to the analysis of
any type of structure but the solution schemerequires the assernbly of overall structural
ProPerties which makes the analysis lengthy andexpensive. On the other hand, application offinite difference schemes is limited to a.Darti-cuIar type of structures, however these
schemes are very fast aqd therefore cost-effective-

One of the problem areas in which finj-te difference
schernes can be successfully applied is the analysisof flexible structures such as cable. membrane,pipeline and riser structures- These systems, dueto their flexibiJ.ity, show very smaII structural!:esistance to force induced responses and thereforetleir behaviour can be efficiently predicted using
-a simple discretisation method Lik€ a finitecifference lurrped mass scheme-

ilexible riser systems are a fairly recent::lnovation in offshore oil and gas technol,ogy.Tley are comrnonly used within a floating productionsystem to transfer fluids or power betwe€n thes'.rbsea equipment and the surface vessel- The mainreason for developing the technology i-s that thesystem is inherently dynamic ,.,d i. designed tovi+-hstand large deflections due to wave action and

vessel motions- This alleviates the need for
complex moti-on compensation equipment on the
vessel -

The analysis of flexible riser systems was initally
carried out by employing the widely used matrix
based scheme (finite element) but recently the
trend is towards the use of finite difference
schemes. These schemes are at 1east one order of
magnitude faster than finite element schemes in
computing tirire and also require much less memory
capacity- The vatidi.ty of the finite dj-fference
approach has been confirmed by comparison wi-th
results from experiment and from finite element
schemes (Ref. I, 2, 31.

The present paper describes methods based on the
finite difference technique to analyse any flexible
structure with emphasis on application to analysis
and design of flexible riser systems.

CHARACTERISTICS OF FLEXIBLE RISER SYSTEMS

The purpose of a flexible riser system is to
transfer hydrocarbons or other fluids associated
with oiI production between a floating vessel and
the seabed - A typical flexible riser system
comprises of a continuous length of pipe attached
at one end to a floating vessel, hanging in a
catenary shape to some type of buoyant component
positioned at some distance along the length and
then approaching the seabed either smoothly or at a
near vertical angle. Schematics showing typical
configurations are presented in Figure 1-
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Figure 1 Typical types of Flexible Riser Cdnfiguration

Flexible pipe is defined as a composite of layered
materials which form a pressure containing conduit-
The pipe structure allows large deflection without
a significant increase in bending stresses (Ref.
6). The pipe is therefore designed such that it
has a low bending stiffness and can accommodate
hi-gh internal and external pressures- The pipe
construction will either be of a *bonded" type
(whereby layers are bonded together using adhesive
and are then vulcanized in an oven to form a
homogeneous structure) or "non-bonded" (whereby
individual layers remain separated allowing
internal" relative movements) - Typi.cal materials
used for construction include: polymers, textile.
steel and fabrics.

From an engi.neering analysis point of view, the
technical characteristics of a ftexi"ble riser
system are:

- tension dorninated structure;

- hydrodynamic loading due to waves and current;

- dynamic boundary condition due to movement of
vessel;

- pinned/cJ-amped boundary conditions;

- system can be
submerged;

partial).y in airlpartially

- possible connection to a subsurface body;

- possj,ble change in weight along length of
system;

- possibl,e surface contact at seabed-

On consideration of the above characteristics tire
main conplexity j-n the analysis of flexible riser
systems is due to non-Linearities arising from
hydrodynarnic loading and dynamic boundary
conditions -
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CI,ASSIFICATION OF PROBLEMS AND METHODS OF ANALYSIS

This paper is concerned with large deflection
analysis of tensile structures subjected to dynamic
boundary conditions and non-Iinear loading
conditions- Ana),ysis of flexible structures
subjected to dynam!,c loading is performed in two
stages: static analysis and dynamic analysis. The
methods used in these two stages are now described-

Static Analysis and Start-Up procedure

The static equilibrium configuration of a system is
computed using a dynamic relaxation techniqu€
incorporated with kinetic damping. In this
technique the structure is initially laid in a flat
plane- The ends are then li,fted to the correct
static positions and static loads are applied to
the system- The riser is allowed to respond
without viscous damping and each tine a kinetic
energy peak is detected all nodal- velocity
components are set to zero and the system is
restarted. Eventually the kinetic energy of the
system reduces to practically zero - the system is
then in statj. equilibrium- The theory of the
static solution scheme is given in Ref. 4-

Dynamic Analysis and Static-Dynamic Interface

Dynamic solution of the equations of motion iq
achieved by using the computed static solution as
the starting configuration for a dynamic solution
scheme. This scheme uses an optj.mised finite
difference technique incorporated with an implicit
anci therefore an unconditionally stable time
integration scheme- Tire theory of the scheme is
given in Ref. 5.

Hydrodynamic LoaC in-q

Environmental loads within flexible riser analysis
are represented mathematically by the modified
Morison equation (Ref. 7) - This equation gives an

expression for the total force per unit length oil

an inclined moving cylinder within a fluid velocitY



F=Fd+F-

where F

where

Fd is the hydrodynamic drag component of F

Fo. is the hydrodynamic inertia component
ofF

The drag and inertia components given in equation
(1) are represented in equations (2,t and (3)
respectively-

Fa = (12) p cd Dlv" - &l C"" - *"1

and

F- = pA C." i" + pA(q. - l)i"

and acceleration field- The force is split into a
drag component and an inertia component as
represented in equation (l) -

wave-induced accelerations. A deterministic
approach is usually adopted and the flexibie riser
system is designed to withstand a given ..<iesign
wave" with a particular retrrrn period (e.g- a
p.robability of occuring once in one hundred years _
the "1O0 year" trave) - This approach implies asingle wave anal,ysis using a wave with a known
height. and period- The fluid velocity andacceleration field are then defined by means of a
suitable wave theory (Ref- 8), for example regular(Airy) theory-

The on)-y outstanding varj.ables in equations (2) and
(3) ar€ the structural velocity and acceleration-
These variables define the structural response of
the system and it is the non-linearity in drag
force in equation (2) that causes the main problem
in solution of the equation of motion-

DESIGN OF FLEXIBLE RISER SYSTEMS

Efficient design of flexible riser systems is only
nade possible by using fast computer-based solution
techniques as described previously. The basic
steps required in design of a flexible riser system
are set out in this section.

Design Criteria

The design of flexible riser systems is usua1l-y
based on allowable pipe curvatures and tensions,
which are prescribed by the pipe manufacturer, and
clearances betvreen the riser and other structures
and boundaries during its dynamic response. The
allowable curvatures and tensions are based on
full-scal-e test procedures and stress ana)-ysis
carried out by the nanufacturer and these limits
ensure that the pipe is not over-stressed when
responding to dynamic loa& and vessel motj_ons.
The systen is generally designed such that the pipe
is always 1n tension throughout its Cynamic
response cycle. Mininum clearances are also
specified to avoid clashing problems between
riser-seabed or riser-vessel and between the riser
and other adjacent risers, cables or mooring
systems -

Design Parameters

The main problem in design of flexible riser
systems is that the number of design paramet€rs is
Iarge - The environmental conditions, vessel
motions and riser properties are usually
welI-defined- The main design parameters are
therefore the choice of configuration, the length
of riser, the system geometry and the sizing of
buoyancy modules, subsurface buoy or arch. The
choice of configuration (possible configur:at ions
are presented in Figure l) is usually based on
economic criteria. position of wells etc- and can
be considered as known. The length of riser:,
siz-ing of buoyancy components and system gecnrctr),
neeC to be determined by the designe.r.

ljes ign Pr:oceCure

Thc f irst stage in the design of a f le>:i-blc !-r::(.r
system is to determine an acceptable system la)'out -

This first stage is based on static anaLysis an<i it
is normal to carry out a parametric study to assess
the effect of changing the design parameters (i-e-
system geometry and length) on the static curvature
and tension- Based on the results of this
parametric study, the designer sel-ects a suitable

( t)

is the total force per unit length
perpendicular to the cylinder axis

P is the fluid density

Cd is the hydrodynamic drag coefficient

C* is the hydrodynanic inerti-a coefficient

D is the outside diameter of the cylinder

(2)

(3)

A is the cross-sectional area
cyl inder

of the

V. is the fluid velocity normal to the
cylinder axis (a cornbination of current.
and save induced velocity)

n" is the fluid acceleration norrnal
cylinder axis

to the

io is the structural velocity normal to the
cylinder axis

i. is the structural acceleration normal to
the cylinder axis

ill terms in equations (2) and (3) must be knownbefore a solution can proceed- Slender structures,such as flexible risers, are drag dominant and theinertia term in equation (3) is uiually negligible
for the riser itself- However, the response ofolher components in the system, for example theDuoyant arch in the "Steep-S., system {see Eigure,1, ..t be governed by the inertia term in equation
Itt - A thorough treatment of the mechanics of waveio:cr:s on offshore structures is givcn in Ref- B-

,': i I tc':ms in equations e) and (l) ar€ nou'i;scusscd- 'I'he fluid density. outside diameter aniaross-srjctional area in cquations (2) and (l) arei.nopn- Thr: selection of drag and inertia
coe f f ic ients is based on Reynold; s number andLeuLegan-Carpenter number (Ref- g) and can beconsidered as known-

The fluid kinematics are based on a combination ofcurrent- and wave_i-nduced velocities and
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range of system geometries and lengths that satisfythe design criteria_ The parannetric study wiIIalso assess the static effects of vessel offset(displacement of the top end) and current loadingin different directions-

The second stage in the design procedure is toperform dynami-c analysis of the =y"i* to assessthe globa1 dynamic response- a system layout andIength is chosen from stage one ..ri a series ofdynamic loadcases are considered- These loadcasescombine different wave and current conditions,vessel positions and riser contents in order toprovide an overall assessment of the risersuj.tability in operational and survival conditions-
The corresponding analyses are then carried out anddynamic curvatures, tensions and clearances are
checked against the design liroits. The design mayneed to be nodified at any stage of this procedure
- it is therefore essential that the solutiontechnique j_s fast.

The third stage in the design procedure is toperform detailed static and dynamic analyses ofIocal areas to design particular components. Thisstage is presented in a separate publication (Ref-
9).

PRACT ICAL APPLICATIONS

A numerj-cal scheme based on the described generalmethod has been implemented into an analysispackage called "FT.EXRISER"- The programefficiently simulates the static and dynamicbehaviour of single and multiple fLexible risersystems and is used by . operators, contractors,manufacturers and consultanis within the offshoreindustry. Results from two practical flexibleriser systems are presented.

The first system considered consists of a fl-exibleriser with sub-surface distributed buoyant modulesattached down the riser length (,.Steep wave..) - Thesystem is subjected to wave and current flow in thedirection defined from vessel to seabed connectorand vessel excitation at the top end.

A schematic af the system layout and key data ispresented in Figure 2. \picaI results fromdynamic analysis are presented in Figrures 3 to 6.The response of the system during a wave cycle ispresented in Figure 3 - this type of diagram iscalled a "snapshot,'. The extreme .raf.l"a of tensionand curvature along the Iength of the riser syslemduring a wave 
"y"i.. .r" presented in Figures 4 and5 respectiveJ"y- The time variation of tension atthe vessel end of the system is presented in Figure

6-

The second system considered consists of twodifferent flexible risers connected to a si,ngle
cottmon sub-surface buoy (..Lazy_S..) - A schematic ofthe system layout is presented in Figure 7. The
system is subjected to wave and current flow
perpendicular to its plane and corresponding vessel
excitation_

The dynamic response of the system durinq a wave
cycle is presented as a series of ,,snapshot,.
diagrams in Figures g, 9 and 10. These figures
show the systern response from the si-de. end andplan views respectively-
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PROBLEI,I AREAS

Flexible risers transport hot, h!-gh_pressuremixtures of oiI, water, gas, sand and variouscontarilinants- These systems are robust andcost-effective engineering devices for production
of hydrocarbons in deep waters. However, there areuncertainties and linitations in using flexibleriser systems for various situations and researchis currently being carried out by manufacturers toinvestigate the associated probrerr,s- The forrowinoareas are currently being researched:

- performance of risers under axial cornpression
- flexible risers are designed to carry onlytensile forces- If the riser is subjected tosevere compression, the change in mechanicalproperties and the riser behaviour isuncertain;

- flow of hot oi1 _ flexi,ble risers are testedand their materials are designed for content
temperatures up to approximately 13OoC.
RecentLy, however, temperatures up lo 25OoChave been recorded;

- transportation of gas _ confidence inimpermeability of the riser material for gasporosity is not absolute-

CONCLUSIONS

Efficient fj,nite difference techniques have beenapplied to solve static and dynamic problems inoffshore ftexible riser analysis. These techniqueshelp the designer to quickly assess a wide varietyof loadcases and to optimi.se the design parameters
accordingly- Application of the t..hrriq,r". hasresulted in a software package called ,,FLEXRISERi
which is widely used within the offshore industry.
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Riser lb1r Brds ( A. A' ) r
A : X.-16.4 n. Y=O. n, Z--8.4 n ( 8" Oil )
A': X=-I6.{ n. Y=0. n, Z=-!2.4 n ( 6" Cas )

V
Riser Bases ( D. D' ) r n
D : X.77.1 n. Y=I08.7 n, Z-7.6 n ( 8" Olf))
D': X=??.1 m, Y=108.7 n, L--1.6 n( 6" c.s )

C.O.M. I X=6.5 n, Y.-96, n, Z=O. ri
Telhe! A&ctDr Point ( E ) r X'?7.1 a, y-62:2 rn, H. n

Riser lrngths : AB.Llo.? n, CF52.4 n. !F.30. a,
A'Br.U0.? n, C'Dr-52.4 D

"Figure 7 MultiIj.ne Lazy-S Configuration - Layout
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