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Hydrodynamic stability of cylindrical structure

Approaches:

« Address stability analysis of cylindrical structure on the seabed under
hydrodynamic loads (wave and current)

« Provides guidelines for pipeline stabilization using concrete coating

« It does not address alternative methods such as pre- or post-trenching
techniques, mattress covers, etc.

« Stability is checked for the installation case using the 1-year return period
condition and for lifetime using the 100-year storm.



Analysis procedure

» Step 1: Collect or define environmental criterion

- Water depth, wave spectrum, current characteristics, soil properties, seabed
condition

» Step 2: Determine hydrodynamic coefficients
: Drag (Cp), lift (C,), and inertia (C)).
- adjusted for Re, Kc, ratio of wave to steady current, embedment
» Step 3: Calculate hydrodynamic forces
: Drag (Fp), lift (F,), and inertia (F)).
» Step 4: Perform static force balance at time step increments and
assess stability and calculate the desired weight of structure



The selection of design wave

« Wave data consist of 17 most severe storms in a period of 20 years for a deep
water location. (Gumbel distribution)

* If the design level for the design wave height is a return period of 100 years, i.e.
T=100, the design wave height is x190 = 12.2 m, which means that on average
this 12.2 m design wave height will be exceeded once in every 100 years.

X100 (1

Return value X' (m)
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Scour at the seabed

 Local scour = erosion of seabed material at a single foundation
It causes complex vortex pattern and currents

Surface Wakes
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Effects of currents — Pipelines & Risers

« Vortex shedding is an
unsteady flow that takes place
In special flow velocities
(according to the size and
shape of the cylindrical body).
In this flow, vortices are
created at the back of the body
and detach periodically from
either side of the body.

 Vortex shedding is caused
when a fluid flows past a blunt
object. The fluid flow past the
object creates alternating low-
pressure vortices on the
downstream side of the object.
The object will tend to move Vortex induced Vibration (VIV)
toward the low-pressure zone.




» Vortex induced Vibration (VIV) or vortex shedding induced oscillations

Inline-flow vibration Cross-flow vibration
Wave & Wave &
current ﬁ O current % O
—

(small amplitude) _ (large amplitude)




VIV Suppression: Strakes/Fairings

1. Strakes

. Typically polyurethane, fibreglass or plastic
2. Fairings

. Typically fibreglass or plastic




Model Testing

» Model testing is carried out in wave basins that are designed to
simulate operating conditions of surface facilities. Results are filmed
and recorded and compared against theoretical hydrodynamic models
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Offshore Structures Guidelines and Standards

* DNV-0SS-101 Rules for Classification of Offshore Drilling and Support
Units

 DNV-0SS-102 Rules for Classification of Floating Production, Storage
and Loading Units

* DNV-0OSS-103 Rules for Classification of LNG/LPG Floating
Production and Storage Units or Installations

« DNV-0OSS-121 Classification Based on Performance Criteria
Determined by Risk Assessment Methodology

* DNV — 0OSS-201 Structural Design Method for Offshore Structures
2012

API RP 2A — Recommended Practice for designing fixed structures






