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SUMMARY

Nonbonded flexible pipes are built up by layers made of polymers (sheaths) and
helically wound armours (helices). Each layer has a specific function in
loadcarrying or leakproofness assurance and is not bonded to each other (as
opposed to a bonded flexible pipe). '

Methods for computing stresses in the layers of a nonborided pipe due to
axisymmetric loading (F, My, Pjint and Pgyt) and bending (My or C) are
elaborated. The main equations are given in the enclosed paper by Feret and
Bournazell. The.strQSSés are combined as '’

For a helix : O, " axial (helix direction) stress due to axisymmetric
load, pipe bending and friction - 0, = Oy + Og + O¢
O, . radial stress
(Op) binormal stress - normally taken as zero
For a sheath : 0, axial (pipe direction) stress due to axisymmetric
load and pipe bending = 0, = Oy + Og
O¢ hoop stress
Op radial stress

The coméutaton of stresses are a general basis for capacity, stiffness and
lifetime assessments of nonbonded flexible pipes, the latter being based on
fatigue and wear of the tendons?.
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1 INTRODUCTION

A nonbonded pipe is characterized by a layered structure with layers of two
main types : ] ' ,

- sheaths - plastlc "tubes" made of polyamid etc¢
= armour - metallic layers consisting of tendons or helices ‘wound |
with an angle to the pipe core
{
|

Each layer has a specifie¢ functlon in the pipe design. The hellcal layers are
the loadcarrying elements while the plastic sheaths are introduced to ensure
low friction between helices that can experience wear and provide pressure
‘barriers towards the inner and outer fluids.

The main manufacturer of nonbonded flexible pipes are Coflexip; Furukawa and
Wellstream, and their pipes are basically built up on the same pr1nc1ples

A typical nonbonded flexible pipe structure is given in section 1 of 1, When
dealing with high pressure nonbonded flexible pipes for dynamic riser appll—
cations, normally all of the mentioned layers will be present except for the
outer protective carcass. Detailed layer structure for the carcass, the Z-spiral
and the tendons of a typical Coflexip design is given in figure 1.

2 BEHAVIOUR OF FLEXIBLE PIPES UNDER AXISYMMETRICAL LOADING

2.1 Deformations

A flexible pipe sub]ected to axlsymmetrlc forces will undergc the following
deformations;:

AL axial elongation
JiYe] torsion
At a change in radius

The stresses in the tendons will be split into

O, axial (helix direction) stress

o radial stress i

and in the sheaths ' N

Oa akial (pipe directioén) stress
Oc - hoop stress
0] radial stress

.Note that due to the lateral gaps beétween the helices in a nonbonded structure
Op, = the binormal stress component in the helices - will be zero as they are
free to move laterally and thereby change lay angle during pipe deformatlons
This will not be the case for bonded type pipes in which the f1111ng (bondlng)
material will resist this movement.




2.2 Solutions

There exist sSeveral ways of establishing the equations for solving the unknowns
of an axisymmetric load case. '

Sheaths:

Normally the sheaths are treated as isotropic materials, the classical Stress-
strain equations being -

£z 474 v -v o]@
E -~ 1 =V 0
sy =Y 1 0
o 0 0

£= [aL/Ly] T=[ */2mt
or/r | (Pri-Rote)/t
At/t ~(Pi+Ps)%

%/ - Me/g3

-3

Orthotropic material (different E-moduli in different directions) can be
useful in bonded pipes (fabric layers).

Helices:

The corresponding relation for the helices in'a-nOnbonded pipe (plane stress)
will be:

Ea ""é' { =v|]%
Er ;"V 1119

The linearization of the strains follows from Figure 2
ds/s = cos?a-dL/L + sin?@-dr/r + r-sin@:-cosa-df/L

In addition we must require that the sum of axial force and moments taken by
each layer add up to the applied external values and that we obtain continuity
in contact pressures between the layefs. A proper assembly and solution (non-
symmetric) of these relations for all layers of a flexible pipe will cover a
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general solution as described in 2.1 of 1. The systeém

written as

Kr = R

K being a nonsymmetric "stiffness" matrix

r the unknown deformations
R the load vector

- Temperature gradient deformations
- Nonlinear geometrical effects such as gaps
geometrical changes

theoretical values of -

- Burst pressure :

- Collapse pressure - combined with a buckli
layers

- Ultimate tension

- Ultimate torsion

- Axial and torsional stiffnesses

3 PIPE BEHAVIOUR UNDER BENDING

3.1 General mathematics

is described by the coordinates

The infinitisemal distance ds is given by

ds? - dx2 + dy2 + dz? = (r-d8)2 + (R-v-dQ)?2

pipes can also be handled with this set of equations:

of equations can be!

|
i

i
-

Special effect which are likely to influence the stresses in nonbonded_fl@xible

|

'
+

in the structure and othér

The latter has to be implemented through an iterative procedure.

Although simpler formulaes exist for computing pipe capacities and stiffrnesses,
the above solution (or similar) is a good basis for the computation of important

ng formulae for tbe diffetent

X = R-v-cos@ with v = 1+EcosB
y = R-€-sinB € = r/R » . 4
z = R*v-sinQ 8,¢ - refer to Figure § (A

1
!
!
I
{

For a pipe bent with constant curvature radius R, the generated surface is
described by a torus or anchor ring4. A point on this surface given in Figure 3




-hormal to the geodesic is identical to the normal of the pipe surface) -

3.2 The geodesic

A path bétween two points A and B on a curved surface is called a geodesic if it
is the shortest suc¢n path between the two points. Another property of the
geodésic is that the normal to geodesic is the normal to the surface.

The relevance to unboﬁdéd flexiblerpipes is the helical béha?10qr under -bending,
For such a pipe the geodesic length is computed as? - linearized

S = #“ 2 & O . . E - i

3.3 Slip of tendons

During bending, the helices will slip towards the geodesi¢. This slip can be
related to the pipe core behaviour under bending and “the- (decomposed) values
computed as

Dp = z" ine v paralell to the core
s
e = _"_Q_E.“AQ. ¢ircumferencial
fant
and the total slip (as given!)

‘ A )
A = (Apz + AC‘Z)IIZ = L—sl!&
Rinn

4;4.-ia
4 : fon’
and the direction given by AR

tany.= Oc/0p = (2-tana)”!

Note that y=a fof Q=35°, ie the slip is in axial direction of the helices. Note
also that the slip will be zero at the inside and outside of the curvature and

‘reach a maximum value at the "sides" of the torus (for B=90°). The total slip

between two crosswound layers will-bé

A = D-cosy = 2:0¢ = 2-r2~sin9/(R-tén0) and Ap = 0
The evaluation of the relative slip betweéen layers is important for computing
stresses if the tendons as well as féf‘wear'COmpﬁtations3 due to cyclic loading.
3.4 Stresses due to bending

Bending of a nonbonded flexible pipe giveS'rise to axial stresses in the plastic
sheaths as

EE/R

Og = EE

and to the helices due to a changé in curvature and frictiong The curvature
of a he;ix due to an applied pipe curvature can be evaluated from
o =4 . . ! R
cy - DN N main normal o Hu kudon
(1 N nowal lthi bone

-and applying what we know of the geodesic length (and keeping in mind that the




sin?q cos?a cosB
Cy = Cy° + DGy = ———— + ———=w——=——= ;' Cy being the initial
£ R 1+c0cosB = curvature of the helix

The axial stress in a tendon due to this curvature change is then computed as
|

OB = €E = O.S’tACN "

with t - thickness of helix , . j

E -.Youngs modulus of elasticity ' ' |

The tendons will also‘undgrgo torsion due to theAgiven curvature as show ﬁﬁ i

Slip between tendons will also give rise to friction forces and stresses.' Two
phenomena are pointed out in 1, :

_ axial slip induced friction stresses
- transverse stresses due to a change in CB-due to that friction to
some extent will prevent the helix to slip into-a geodesic line

4 COMBINED LOADING AND NONLINEARITIES

With linearized analyses the stresses cah be superimposed. The coiitribution to
axial stress in tendons and ‘sheaths arising from bending of the pipe addé to the
axial stresses due to axisymmetric loading. Note that accounting for transverse
friction stresses in the helices (item 2 above) introduces an Oy - binormal
stress - to them. :

Also urnder axisymmetrical loading, a nonbonded flexible pipe will experiénce
slip between layers (due to a change in lay angles) and thereby friction
stresses. As mentioned in section 2, and iterative prbcedure‘Cansaccount|fo:
nonlinear geometric effects and friction stresses can then be computed. Fhis
will still be a linearized analysis. K :
|
Material nonlinearities, especially in the plastic sheaths!, are likely’to
affect the stresses in such pipes. This can be taken into account by an.
incremental loading procedure and a more refined material description. Such an
algorithm can also supply an improved treatment of the more gerneral 3D Qase =
a combination of axisymmetric loading and bending. ;

. |
As pointed outl, special conciderations must still be done for short length
pipés and stiess assessments close to end fittings and in bending stifféners.

5 FLEXIBLE PIPE CAPACITIES

As mentioned in section 2, flexible pipe capacities and stiffnesses can| be
computed on the basis of a good stress analysis model. The capacities a;e‘found
by introducing unit loads and simply extrapolate to yield or ultimate stress
when dealing with a linearized model. Stiffnesses can be computed in the same
way - apply a unit force and divide by the deformation.
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