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ABSTRACT

The idea of introducing composite materials for marine risers started a decade ago after
seeing the success of composite materials in the aerospace industry. Composite materials have
attracted substantial attention from the offshore industry, primarily due to their high specific
strength. In addition to weight reduction, composites are expected to offer additional benefits
such as excellent fatigue, damping, and thermal (insulation) properties, and high corrosion
resistance. The main functional requirement of a production riser system is to convey fluid and
gas from the subsea oil field to a surface platform. Composite risers have attracted the attention
of many researchers for quite some time, especially for deepwater conditions. In spite of higher
manufacturing costs of composite risers, the transition from metallic risers to composite risers
has become inevitable due to their influence on other system components and operational costs.
The differences in material and construction, analysis of a composite riser may require different
approaches than conventional riser analysis, and it is necessary to identify the particulars to
which attention must be paid when analyzing a composite riser. Risk and reliability assessment
is, all the more, important because the behavior of offshore structure under deep water
condition is unpredictable and uncertain than in shallow water depth.

The composite riser, under study, is considered to be a part of Tension Leg Platform
(TLP) to be installed at a depth of 2000 m. Local analysis is required because the riser is made
up of composite material. The dynamic response of composite production risers to both regular
and random waves is obtained in the time domain. For random sea states, time histories of sea
surface elevation, water-particle kinematics and vessel top motion are simulated by harmonic
superposition technique. The bending stresses in presence of fluctuating axial tension are
obtained for various sea states expected in deep offshore fields in the Indian ocean. Power
spectral density functions are obtained to investigate the possibility of resonance. The free
vibration response characteristics provide the expected natural frequencies and facilitate the
investigation of the probability of resonance arising in the system.

The composite riser under study consists of the alternative hoop and axial layers. There
is a marginal coupling between these two orientations, hence, the riser is spatially orthotropic.
An attempt has been made to carry out a detailed local analysis of a segmental length under
critical loads. The results of the global analysis are used to act as boundary/initial condition for
the local and detailed dynamic analysis of the segmental length modeled as finite element

assemblage of shell elements. Initiation and propagation of debonding between the liner and



composite have been studied. In burst analysis, the maximum internal pressure is applied to the
riser section and the stresses in all (hoop and longitudinal layers) the composite layers are
checked against the failure. The debonding through circumference and length are studied. The
stresses so obtained are compared with their ultimate strength.

Fatigue is identified as the primary failure mechanism affecting the risk for a production
riser between its base at the mud-line and its top at the sea level. The S-N curve approach is
used in the assessment of the fatigue life of composite riser. The combined loading responses
are obtained in two steps -global and local analysis. Twelve sea states are considered for the
simulation of a wide range of offshore environment and estimation of accumulated damage.
The rain-flow cycle counting method is used to estimate the cumulative fatigue damage.
Palmgren-Miner’s rule is used to calculate the damage caused by stress signals of variable
amplitudes. The damage fractions are then summed linearly to give an estimate of the total
fatigue life for a particular stress history. The cumulative estimate for its entire service life is
hence estimated considering all expected sea states.

Finally, probabilistic analysis and risk assessment of composite risers for cumulative
fatigue is a vital design requirement for its satisfactory service and survival for a stipulated
period. Unlike conventional risers, the wall structure of a composite riser is more complicated.
Therefore, multiple failure mechanisms are used jointly to assess the safety of the composite
riser. A non-linear limit state function is derived based upon the above-given approach to
calculate the fatigue life. Important uncertainties associated with random variables are
considered while deriving the limit state function. Numerical methods, such as Monte Carlo
simulation and Advanced First Order Reliability Method, are used for the calculation of the
reliability. The sensitivities of various random variables on the overall probability of failure
have been studied and design points have been located on failure surface. Probabilities of

failure for important parameters are investigated.

Vi
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