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Superscripts in Matrix Eguation

A assembled matrix

e element matrix

Subscripts in Matrix Equation

G global coordina*e system

L local coordinate system

Greek Symbols

a,8,Y angle deformations of differential
element

p density of sea water

A eigenvalue

Wy eigen-frequency (radians per unit time)

Miscellaneous

(), first and second derivatives with
respect to time

()0 first and second derivatives with

respect to axial length

first and second partial derivatives of
u with respect to s

second cross partial derivatives of u
with respect to qy and qJ

ZJ summation sign
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INTRODUCTION

The dynamic behaviour of an offshore structure can
be of considerable importance in relation to its design
since motions and loads under the prevailing
environmental conditions may Dbe dominated by dynamic
components. This, can apply to both normal operatring
conditions, which have a bearing on fatigue assessment,
and also maximum design sea conditions when peak values
are of primary interest. In recent years. the flexible
riser has received considerable attention as it has
been regarded as a viable alternative to rigid marine
risers in offshore floating production systems. A
number of theoretical investigations for flexible
risers have been carried out. The catenary solution
and stiffened catenary solution were adopted in static
analysis (1,2). These approaches have a particular
value {in providing initial conditions for dynamic
analysis with a stmple form. The finite element method
can be conveniently applied in both static and dynamic
analysis (2,3,4,5,6). This approach allows one to
handle the numerous problems related to the non-linear
geometry, excitation due to surface vessel vibration,
environmental loadings from waves, currents and the
boundary conditions from the seabed and the Ssubsurface
buoy. Investigations using tests at full scale and
model scale have also been carried out {(7,8).

This paper is an extension of previous work on
flexible risers. The theoretical approach is based on
nonlirear finite element methods. The technique
accounts for nonlinearities due to geometry,
hydrodynamic damping and complex boundary conditions.
The dynamic analysis has been carried out in the time
domain and use {s made of a general purpose finite
element computer program. Scale model experiments were
designed to complement the theoretical studies and to
provide suitable valicdation of the program.

GOVERNING EQUATIONS

A flexible riser can be represented by a {lexible
structural member. It has relatively 1low bending
atiffness and the axial forces may play a significant
part in. dynamic responses. The usual beam/coOlumn
equations will not be suitable for solving the problen,
In the theoretical development, the basic assumptions
are that the strains are small, although the
displacements of the riser itself will be large due to
the overall flexibility of the system. Furthermore, it
is assumed that motions {in the direction of one
principal axis (see figure 1) only affect motions Iin
the other through the coupling effect due to the non-
linear axial forces. The governing equations can be
conveniently handled by use of a local element oriented
coordinate system. Figure 1 shows that a differential
element oriented ardbitrarily in three dimensional space
is defined in terms of the local element coordinate
system. The governing equations in three dimensions
can be written
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and V, W are relative velocities in the two prinecipal
axes of the element and V, W are fluid accelerations.
W,. W, are components of apparent weight in the two
principal axes of the element.

If the effects of torsion and elongation are also
included we obtain
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where m,, is the effective mass per unit length along 5
the element- 2

m, is the effective moment
Fga is the applied forces-along the element’ ‘
Fgy is the applied torsion {n the slementy L

The'rlnlte‘e&ement method is a cqop¥emient, uagﬂto
solve these nonlinear equations. The method jas the
advantage that it-1s. possidble-to modef difrereéilparts
of the riser Ssystem with™ differeny levels of .
sophistication. Another advantage is the capability af-
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The [Ormulation of the relevant equations in
ev2lIping the Tinita 2lement model is based on energy
sriazipies
avrrarenti

. Th2 potantial 2and xinetic e¢nergiss of a ?(.i .= BZPE/aq,ﬂa‘qJ
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sotal = PE » ¥Z :
-otaz i expression for the potential energy, the .elemental
2 matri{x Wwill now take the form
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) (k1 = [(JC * [K]i.[. 6y
- ZA u"2 L) 3'2]‘ where ['K]° is a general flexural Stiffness matrix of a2

Seam element, which can be found in stancard text S00Ks .
o > 3 2 ":K]T s called the geometric stiffness matrix. 1
SialvT e WY e om0 e a Tdx i3) This geometric stiffness matrix, (Kl., can he |
. 2 obtained by differentfation of the erfective iensi::n in

equation (3):

T2 snape functions are chosen to represent the
elezent shape using 2ach of the 12 unit deformations at

the 1#0 2ads of the =lement. Thesz functions, flx),, i 32(95)‘, ﬁl

= 1,12 are senerally polynomials in terms of the length, s = 3“ = Tfr. o' dx
£, 1long th2 2lement and may e defined by the algebraic 'ij qi°qj Q b
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whers whera [K]To ts the stiffness matrix for constant axtal
force in the element and where EK]T. i3 the matrix
2 SR o attributable to axtal force variation {n the element.
1;}, ® 3TKE/(3q,3q)) The effective axfal forces play an important role
e in the dynamic responses of the riser. 1n the case of
2 the flexible riser with low bending stiffness, the
"(.j = '31‘?5/’(‘3%,351,» geometric  stiffness matrix, [K]., may  be  very
' oY significant Farticularly in the region of the riser
tep2 where the tensicns are large (viz near the upper 2nd).
:F!C "3 the generalised force vector and #3 caleculated
fa DYNAMIC MATRIX ZQUATION
1 The elemental mass, stiffness, daaplng and “sorce
"'l - " 2(x) T(x) @ matrices must be assembdled into a-total set of equations:
B R A 2 X in order to arrive at a system solution. This fs-
achieved by using a transformation matrix. The

assembled global system of 2quations {3 then
| BESU is the Cistributed applied loadings on :he
387 siemént due no <elgnt, buoyaney and ~ydrodynamic
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The solution for the nonlinear equation [(3) usually

maxkes use of time domain soluticns.

If the external loadings and floating facility
motions are defined the dynamic solut{ons {a the tine
domain can Je carried out. It should perhaps bde pointed
Qut that the zeometric stiffness matrix is mainly due to
the static axial forces. Tn practice, howaver, the time

varying axizal forces have less :influence, and are
neglected. in practice ~nydrocdynamic forces can Se
calculated with reasonable accuracy on the assumption
that the inclination of 1 particular =2lement does not
chanze 3538 a result of the dynamic response of the
systam.

NUMERICAL zxameLz

The numerical work is ased on the use of a general
purpese finite elament Program together with additicnal
software developed by the authors. This powerful
program allows cne to take advantage of mnodelling more

eslements. This =means that one can use small length
2lements instead of long ones. The description of rtne
Structural data and details of a couble catenary

flexidle riser system are given in Tablz 1.

A quasi-static =ase was “irst run %o check Jut tne
i{rfluence of currsnt in the riser assuming a particular
offset Jor the vessel. Figure 2 shows 2isplacements and

Flgure 3 shows the displacement vectors <for this
situation neglecting Aydrocdynamic forces on  the
subsurface buoy. The evaluation of mode shapes is
cbviously tne first ophase in the dynami¢ analysis.

Tlgure 4 snows the first two mode shapes and Figure 3
shows those Jor modes 3, 5, 7 2nd 3. These results show
that a1 anumber of modes have natural Periods in the range

of predominant wave energy, i.e. 10 ¢ T < 30 sec, which

inaicates the bossidbility of significant dynamte
response of the flaxidle riser. The soluticn in tha
time domain was carried out without surface vessel
moticns. This means that the upper 2nd of the riser was
maintained in a fixed position. in practice, this will
e the case for fixed platforms or =non-ccmpliant
fioating structures, e.g3. DP vessels under light seas

and stiffly moored systems. These results can also be
used to demcnstrate the influence of vessel motions on
the riser dynamic response. Figure 6 shows the dynamic
responses of the {lexible riser uncder wave aetion only
in true scale. flgure 7 gives an amplified view with
disp ements times five to illustrate more clearly the
response shape for the riser. Tigure 3 shows dynamic
responses together +«ith the mode shapes. In this
Particular case, !t can “e seen that ‘the dynamic
response |3 dominated by the third moce component . This
is because the natural period for this mode (8.9 sscs)
Is relatively close to that of the wave periad for this
particular case (T 12 secs).

lac

COMPARISCON WiTH MODEL TZST RESULIS

The' computer model was validated Dy comparison with
model test results at 1/50th scale. Mare detalled
discussion of the model :ests f{s given In a2 previous
publication of the authors (2). The model riser was
constructed using PVC tubes. It was found that the
‘flexural stiffness was not easy to model correctly at
1/50th scale cdue td gotential duckling problems in the
nocel riser. Feor thls reason, two distorted mocels wers
used. They had the same outer diameter but 2 f2rent
tending stiffness. En both cases the riser waignt was
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correctly mocelled. This meant that bSoth models would
bz subdjected to' the same nominal environmenta)
conditions, {.e. the same wave forces. The re2sponses o¢
both modals could thus demonstrate the {nfluence of the
bending stiffness. The riser motions were aenltored
using a purpose-Zesigned underwater TV viewing Sy3tem
(Figure 9). The six cameras were used to simultaneously
view six points along the riser model. The
displacements were continuously recorded and
subsequently analysed to 2rovide information regarding
the dynamic behaviour of the rizer. The dending moments
and ftensions were measured by means of purpose desizneqd

a

strain gauges. Figure 10 shows typical dynamie
responses oOf the flexidle riser from Soth the finite
element solution and scale model tests with a fixed
upper end. figure 11 shows the bending moments at the
upper =2nd. It should be noted that the model test
results for bending moment are much lsss than the!
corresponding calculated values. This i3 probably

decause the damping in the experimental model is zgreater
than that azassumed for the simulation modal. In this
connection it is important to note that Zue to scaling
difficulties it was found impossidle %o correctly model

the bending stiffness of the prototype riser system, :zs
has been previously pointed out. The tests withn a
surfice vassel were also carried out. figures 12, 13

and 74 show the motion of :the wvessel. Trese motions
#“ere used to give the appropriate support cornditions for |
input to the finite element simulation. Tizura 15 shows
the dynamic responses with surface vessel 2xeitations
from both the computer simulation and the corrasponding |
model tests. )

CONCLUSION

non=-linsar
xidle riser

A [inite element solution for the
dynamic zaxial and lateral notions of 31 £l
nave been presented. The method Jrogtosed Lakes 2ccount
of such non-linearities ss hydrodynamic “amping and
large angle deflections in the riser. Numerical results
nave bYeen given {or a typical flexible riser. These
included a quasi-static solution to demonstrare the |
2ffect of current znd offset of the surface vessel. The
first few mode shapes are Shen - given to show that
certain zodes can be excited under sarticular wave
conditions for <the riser system wunder consideration.
Time domain solutions are given to show the influence of
dynamlc effects on riser configuration under the action
of surface waves. |

Some typical results from a programme of scale
medel tests of a flexidle riser system are presentad for
comparison wWwith the results of corrasponding solutions
from the numerizal model. Althougn the physiecal model
had of necessity to te distorted in some respects, these
comparisons showed that the finits element numerical
model would be 1likely to produce useful and valid
information for the purposes of :he desizn of the
‘orototype riser system.
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TABLE i

data for Numer{cal Case Study of Flex{ble Riser

Tield

Water depth 150m
Subsurface buoy above seabed 50m
Horfzontal distance from vessel to subsurface buoy 100m

Well base to subsurface buoy base Z5m

Flexible Riser

Quter diameter 0. 4m

Inner diameter 0. 3m

3ending stiffness ZI (or 2 - 300N/mm2) 6.867 x 10%yn?
Axial stiffness =i 11.529 x 10%°y
Welght in air 160 xg/m
Length from subsurface buoy to deck of surface vessel 200m

Total length 281m

3uoyancy force of subsurface buoy 400, JOON

Zlement Distribution

3 elements between seabed and subs
30 elements from subsurface buoy to
(elements distributed in relation t
Total elements 38

Quasi-Static
Current. velocity

Surface 1.5u/s,
Seabed 0.5m/3

and profile is linearly decreasi
constant under 50m depth.

Environment (Pynamic)

Wave height

Wave period

Drag coefficilent

Inertia coefficient

Density of water

Soil support is defined as a spring
Tize lncrement

Surface Vessel Motions

Heave ampl{tude

Heave phase angle
Surge amplitude

Surge phase angle
Plteh amplitude angle
Pitch phase angle

urface buoy
sSurface vessel
o {nitial curvature)

ng from SWL. to 350m water depth and

16m

12 sec

0.5

2.0

1020kg/m3

Xy =5 x 103N/a

O?zSiSeC

3.'m
450
5. 6m
2700
4,10
450

L

by

L

il 70
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Flexible riser pipes: problems and unknowns: C.J. MacFarlane

Rear crimp flange and ring Cap

Epoxy resin

7Y
9 é

7

Tensile armour

Zeta spiral o r

Inner sleeve orinsect {unyielded)

£
r—Ou?‘or sieave (plastically vy'ielded)———i /

iz

-.-.Q.Q:Qgg 220 .‘!: 7
i

i
i1
A
Wire clomp oreq

Ebonite fill

7}

Built-in nipple { with serrated foce)

a
Outer cover
- 27777777
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Figure 2. (a) Coflexip termination; (b) Dunlop termination; fc) Pag-0-Flex termination

produce both internal and external resistance to flow. The
inner (front) seal which holds the product is in effect axial
and, if passed, there is no further resistance to flow radially
through the termination unless the ‘outer’ surface of the
crimp ring is designed as a further seal; this is not clear.
The manufacturing process would appear to be: (1) to
strip the pipe to expose sequential layers, fitting the spiral
locking ring; (2) to make up the first crimping flange; 3)

to prepare the tensile armours around the termination
body; (4) to slide up the cap and, presumably, connect it
to the vault; (5) to inject and set the resin; and (6) to
make up the final crimping flange. It may be that these
last two are reversed, but I know of no published
information on the construction of these terminations
beyond the brief functional description of Reference 3.
Difficulties with this form of termination arise from the
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Theincreasingdesiretodevelop
marginal oil fields located in
areas where extreme weather
conditions prevail has led to the
use of floating and temporary
production systems.

This. in tum, has led to the use
of high pressure flexible risers
and umbilical control lines —
hence a need for connection/
disconnection devices between
subsea well-heads and produc-
tion platforms.

MIB has supplied many
custom-designed. high pressure
flexible riser coupler systems for
production. injection and control
umbilical lines to Petrobras, Off-
shore Brazil and, more recently,
to Hamilton Brothers and Sun Oif
for their developments on the
Duncan and Balmoral Oil Fields.

Based on the well-proven MIB

ctor System

integrated coupler and ball valve
design. these systems offer
minimal spillage. high angular
release, extended maintenance-
free periods and long service life.
installed on the FPV at either
pontoon or deck level, shut-off
and disconnection of the flexible
risers is provided under normal
or emergency conditions.
Reconnection is also a diverless
operation.
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CorLExIP PIPE

Figure 2.11

Plastic bending restrictor ]
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Typical Buoyancy module i
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A quick-release hydraulic coupling (Coflexip)




