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Figure 5.8: Pile Simulation for an Offshore jacket
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RECOMMENDED PRACTICE FOR PLANNING, DESIGNING AND CONSTRUCTING FIXED OFFSHORE PLATFORMS—WORKING STRESS DESIGN
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Figure 2.3.1-1—Procedure for Calculation of Wave Plus Current Forces for Static Analysis
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The values for the API Default drag and inertia coefficients depend on

whether the location considered is above or below the specified

elevation as shown in the following table.

API Default Drag and Inertia Coefficients

Location

Drag Coefficient

Inertia Coefficient

Above High Tide Elevation
(Smooth)

0.65

1.6

Below or At High Tide Elevation
(Smooth)

1.05

1.2
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RECOMMENDED PRACTICE FOR PLANNING, DESIGNING AND CONSTRUCTING FIXED OFFSHORE PLATFORMS—WORKING STRESS DESIGN 13
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Figure 2.3.1-1—Procedure for Calculation of Wave Plus Current Forces for Static Analysis
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Figure 2.3.1-1—Procedure for Calculation of Wave Plus Current Forces for Static Analysis
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3.4.7 Selection of Wave Theory

The computation of wave kinematics such as velocity and acceleration involves the equations
from wave theory. There are various kinds of solutions available depending on the accuracy
required, and parameters involved in the computation. The various wave theories are listed
below.

e Lincar / Airy Wave Theory

e Stokes Wave Theory (up to 5th order approximations)

Stream Function Wave Theory (up to 22nd order approximations)

e Cnoidal Wave Theory
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RECOMMENDED PRACTICE FOR PLANNING, DESIGNING AND CONSTRUCTING FIXED OFFSHORE PLATFORMS—WORKING STRESS DESIGN 13
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Figure 2.3.1-1—Procedure for Calculation of Wave Plus Current Forces for Static Analysis
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RECOMMENDED PRACTICE FOR PLANNING, DESIGNING AND CONSTRUCTING FIXED OFFSHORE PLATFORMS—WORKING STRESS DESIGN 13
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Figure 2.3.1-1—Procedure for Calculation of Wave Plus Current Forces for Static Analysis
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Figure 2.3.1-1—Procedure for Calculation of Wave Plus Current Forces for Static Analysis
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Recommended Practice DNV-RP-C104, January 2012
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Figure 2-3
Current profile

Although the tidal current velocity can be measured in the absence of waves, and the wind generated current
velocity can be calculated. the resulting current velocity in the extreme storm condition is a rather uncertain
quantity.

The wind generated current may be taken as:

v =0.017 vg,
where
vgy = wind velocity for z= 10 m/t = 1 min. See 2.4

z = height above still water
t = averaging period

It is normally assumed that waves and current are coincident in direction.
The variation in current profile with variation in water depth due to wave action is to be accounted for.

In such cases the current profile may be stretched or compressed vertically, but the current velocity at any
proportion of the instantaneous depth is constant, see Figure 2-4. By this method the surface current component
shall remain constant.

Veo Ve2
=
— ,{_7_ U | —
| ,’/ {
ffeo) Acy
'3 1
-rrrrrLf;rrrrrn
Ty >
CURRENT PROFILE CURRENT PROFILE STRETCHING

WITH NO WAVES

V0™ Vel T Ve2
A Ay > A2

Figure 2-4
Recommended method for current profile stretching with waves

2930l



dastnameh.ir Iumb
T
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Figure 2.3.1-1—Procedure for Calculation of Wave Plus Current Forces for Static Analysis
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‘Splash Zone

*The splash zone is defined as that region below +5.0m MSL and above -3.0m MSL
for Malaysian waters.

Splash zone

10 meters

MSL

. Sideview of top side structure.
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3.4.4 Marine Growth

Marine growth is an important part in increasing the loads on offshore structures. The
growth of marine algae increases the diameter and roughness of members which in turn
cause the wave or current loading to increase. Detailed discussion on the member roughness
and its relationship with hydrodynamic coefficients can be found in API RP2A.

_The thickness of marine growth generally decrease with depth from the mean sea level and

-1t 1s maximum in the splash zone. The thickness of marine growth in the splash zone can

be as much as 20cm and will reduce below to 5cm. In deeper zones, the thickness may be
negligible.

Splash Zone is a region where the water levels fluctuate between low to high. The actual
elevation of the bottom and top of these vary from location to location due to different tidal
conditions. In general terms, the splash zone will vary from -3m to +5m.

In structural analysis, the increased diameter of the member (D = d + t,,) shall be included
so that the wave and current loads can be calculated correctly. D and d are the diameter
of increased member and original member respectively and t,, is the thickness of marine
growth.

The roughness of the marine growth is an important parameter in determining the drag and
inertia coefficients. reference shall be made relevant API RP2A clauses for more details.
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API Default Drag and Inertia Coefficients

(Smooth)

Location Drag Coefficient | Inertia Coefficient
Above High Tide Elevation
: 1.
(Smooth) 0.65 ©
Below or At High Tide Elevation 1.05 19
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Figure 2.3.1-1—Procedure for Calculation of Wave Plus Current Forces for Static Analysis
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Figure 2.3.1-1—Procedure for Calculation of Wave Plus Current Forces for Static Analysis
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3.4.5 Morison Equation

Wave and current loading can be calculated by Morison equation.

Morison equation can be written as :

1 D?
FT = 5 CD Pw DV |V| + WT CMrpw a (318)
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3.4.10 Buoyancy Loads

The offshore structural members mostly made buoyant by air tight sealing of the welds
to avoid water entry. This is purposely planned so that the overall structure will have
adequate buoyancy during installation. Typical example is the jacket structure. This kind
of structure requires at least a reserve buoyancy of 10% to 15%. The reserve buoyancy is
defined as buoyancy in excess of its weight. To obtain this buoyancy, structural tubular
members are carefully selected such that their buoyancy / weight ratio is greater than 1.0.
This means that the member will float in water. On other hand, if the member is part of a
structure supported at its two ends and forced to be submerged by weight of other members,
this member will experience a upward force equal to the displaced volume of water. This is
called buoyancy force. The buoyancy force can be calculated by two methods.

e Marine Method

e Rational Method

The marine method assumes that the member in consideration considered to have rigid body
motion. This means that the weight of the member is calculated using submerged density
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Figure 3.5: Buoyancy Calculation methods

of steel and applied to the member vertically down as an uniformly distributed load. This
buovant weight Wg of the member per unit length can be calculated as

Wy = %(DQ — (D =1)*)(p, — 1.025) (3.44)

where p; is the density of steel

Unlike gravity which is a true body force acting on every particle of a body, buoyancy is the
resultant of flnid pressure acting on the surface of the body. These pressures can only act
normal to the surface.

The rational method takes in to account this pressure distribution on the structure, results
in a system of loads consisting of distributed loads along the members and concentrated
loads at the joints. The loads on the members are perpendicular to the member axis and in
the vertical plane containing the member. The magnitude of this distributed member load
can be expressed as

1.
Bp = Z?Tszu. Cos v (3.45)
where « is the angle between the member and its projection on a horizontal plane

The joint loads consists of forces acting in the directions of all of the members meeting at the
joint. These joint forces act in a direction that would compress the corresponding members

2930l
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Figure 3.7: Mud Loading on a structure
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Waves on a mean current: Doppler shift (1! 03 cigalin)

2930l

Doppler effect

Water waves on a mean flow (so a wave in a moving medium) experience a Doppler
shift. Suppose the dispersion relation for a non-moving medium is:

w?® = Q*(k),

with k the wavenumber. Then for a medium with mean velocity vector V, the dispersion
relationship with Doppler shift becomes:!t%!

w —k- V) = Q(k).



https://en.wikipedia.org/wiki/Doppler_shift
https://en.wikipedia.org/wiki/Doppler_shift
https://en.wikipedia.org/wiki/Velocity
https://en.wikipedia.org/wiki/Vector_%28geometric%29
https://en.wikipedia.org/wiki/Dispersion_%28water_waves%29#cite_note-Phil24-19
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where Kk is the wavenumber vector, related to k as: k = |k|. The inner product keV is equal
to: keV = KkV cos «a, with V the length of the mean velocity vector V: V = |V|. And « the

angle between the wave propagation direction and the mean flow direction. For waves
and current in the same direction, ke\VV=kV.



https://en.wikipedia.org/wiki/Inner_product
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doppler effect: a source moving towards you

the distance between
the wave front is

shortened
V= vsound
‘ v.s* = 1‘,.sc:'u:rce'
gr g My V. Vs
7 bserver 577

v V o, %
f ===
4 P \*S

Prime ('): heard observable

The frequency becomes larger: higher tone
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12 AP| RECOMMENDED PRACTICE 2A-WSD

1. Apparent Wave Period. A current in the wave direction
tends to stretch the wave length, while an opposing current
shortens it. For the simple case of a wave propagating on a
uniform in-line current, the apparent wave period seen by an
observer moving with the current can be estimated from Fig-
ure 2.3.1-2, in which 7'is the actual wave period (as seen by a
stationary observer). J; 1s the current component in the wave
direction, d, 1s storm water depth (including storm surge and
tide), and g 1s the acceleration of gravity. This figure provides
estimates_fi 12> 001 For smaller values of d/g72, the
equation) (7g,,/1) =1 + V[J_gci @n be used. While strictly
applicable only o a current that is uniform over the full water
depth, Figure 2.3.1-2 provides acceptable estimates of 7;,,
for “slab” current profiles that are uniform over the top 165 ft
(50m) or more of the water column. For other current pro-
files, a system of simultaneous nonlinear equations must be
solved interactively to determine 7, (see Commentary). The
current used to determine 7, should be the free-stream cur-
rent (not reduced by structure blockage).
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COMMENTARY ON WAVE FORCES,
SECTION 2.3.1

C2.3.1b1 Apparent Wave Period

Kirby and Chen (1989) developed a consistent first-order
solution for the apparent wave period of a wave propagating
on a current with an arbitrary profile. Their procedure
requires the solution of the following three simultaneous
equations for 7;,,,, A, and V7.

A

app

+V,

NIl

2 2TTA

~

PP gtanh (2nd/M)

(4m/N)
sinh(4rnd/A) J

4rt(z + d):|dz

v, = :

U,.(z)cosh [

2930mb
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RECOMMENDED PRACTICE FOR PLANNING, DESIGNING AND CONSTRUCTING FIXED OFFSHORE PLATFORMS—WORKING STRESS DESIGN 13

Cd Cm
Smooth 0.65 1.6
Rough 1.05 1.2

Wave
Kinematics
Factor

Conductor
Shielding
Factor

\

A Local
100-yr Wave Member
Height and Wave Plus Wave Plus
Associated ‘ WHV?_ Gurrent Current Distributed
Wave Period Inematics Kinematics (Based on Forces
and Morison
Storm Water _| Equation)
Depth o T
\
; Vector
R Riser and Marine Sum
ppurtenance Growth
Hydrodynamic
Models '
Current Global
Forces

Blockage
Factor
(0.7-1.0)

Figure 2.3.1-1—Procedure for Calculation of Wave Plus Current Forces for Static Analysis
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