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Abstract: - This paper focuses on the analysis of hydrodynamic loads on fixed offshore structures (vertical
cylinder) that are operating in shallow waserd are often subjected to huge wave loadhug.the purpose of

this study, linear (Airy) wave theory was adopted together with the application of (21) in the load computation.
The loads for six different sea states were computed using spread shieetfédiotving values of time interval
t=0,T/4,TI2.
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l. INTRODUCTION

Hydrodynamic wave loading on fixed offshore structures has been an issue of concern to the offshore
oil and gas industryThe analysisdesign and constructiaf offshore structurearearguably one of the most
demanding sets of tasks faced by the enginggrofession. Over and above the usual conditions and situations
met by landbased structures, offshore structures have the added complication of being placed in an ocean
environment where hydrodynamic interaction effects and dynamic response becameanajderations in
their design.In general, wave and current can be found together in different forms in the ocean. The existence of
waves and currents and their interaction play a significant role in most ocean dynamic processes and are
important for cean engineers.

In addition, the range of possible design solutions, such as: Tension Leg Platform (TLP) deep water
designs; the more traditional jacket and jagkoil rigs; and the large nhumber of sized grasityle offshore
platforms themselves, poseeir own peculiar demands in terms of hydrodynamic loading effects, foundation
support conditions and character of the dynamic response of not only the structure itself but also of the riser
systems for oil extraction adoptbgl them.Invariably, nonlinearity in the description of hydrodynamic loading
characteristics of the structdflaid interaction and in the associated structural response can assume importance
and need be addressed. Access to spediadigellingsoftware is oftemequired to be able to do E4.

1.1Basics of Offshore Engineering

A basic understanding of a number of key subject areas is essential to an engineer likely to be involved in the
design of offshore structurdg], [3], [4] and[5].

These subject areagbough not mutually>elusive, would include;

1 Hydrodynamics

9  Structural dynamics

1 Advanced structural analysis techniques

1 Statistics of extreme among others.

1.2Hydrodynamics

Hydrodynamics is concerned with the study of water in motion. In the context of an offshore environment, the
water of concern is the ocean. Its motion, (the kinematics of the water particles) stems from a number of sources
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including slowly varying currentom the effects of the tides and from local thermal influences and oscillatory
motion from wave activity that is normally wirgknerated1].

The characteristics of currents and waves, themselves would be very much site dependent, with
extreme values girincipal interest to the LFRD approach used for offshore structure design, associated with the
statistics of the climatic condition of the site inte&§t

The topology of the ocean bottom also has influence on the water particle kinematics as ttepttater
changes from deeper to shallower conditidds, Thi s i nfluence is referred to
assumes significant importance to the field of coastal engineering. For so called deep water conditions (where
the depth of water exceetislf the wavelength of the longest waves of interest), the influence of the water
bottom topology on the water particle kinematics is considered negligible, removing an otherwise potential
complication to the description of the hydrodynamics of offshiotetsires in such deep water environment.

1. METHODOLOGY AND MATERIALS
The jacket structure used for this stu#fyg. 5)is a HD accommodation platform to be operated in
shallow water and is similar to all fixed jacket offshore structures. The part sfrtdure under wat was
discretized in to (264)dam elements. The water depth for the HD field is approximately 25.3m. The loads were
computed using spread she®ee TABLE | for the most probable wave heights and time periods for different
sea states.

3.1Wave Theories

All wave theories obey some form of wave equation in which the dependent valéglaleds on physical
phenomena and boundary conditid8$ In gereral, the wave equation and theundary conditions may be
linear and non linear.

3.11 Airy Wave Theory
The surface elev®mn of an Airy wave amplitude,, at any instance of timeand horizontal positiox in the
direction of travel of the wave, is denoted by d(x, t

d( x,acos(kd ¥ 6 ) Afequdd i on

wher e wave numb e krepkesentstle'wavelengfdee figglla e th ci r cul ar fr equen
in which T represents the period of the waVée celerity, or speed, ofthewa®¢ s gi ven by L/ T or
the crest to trough wave heigli,is given by2g,. The alongwave u(x,t) and vertical v(xt) water particle
velocities in an Airy wave at positiammeasured from the Mean Water Level (MWL) in depth whtare given

by:

_1 &, cosh [Qa+Q

] - . ~ . R
u(x,t)—Wcos(Qu 10 Afequation 20
v(x,t)=W%sin(hb 10 fiequation 30
The dispersion relationship relates wave nunkidercircular frequency (as these are not independent), via:
¥? = gktanh (kh) fiequation 40

whereg is theacceleration due to gravity (9.8 f)/sThe along wave accelerati@nx, t) is given by the time
derivative of(2) as:

. 2 hlQa+Ql .~ . ~ R
o(x,t):W%sm’Qo 10 Afequ@aadon

while the vertical velocity (X, t) is given bythe time derivative of3) as:
. 1 2g sinh [Qa+Q] o . ~ . N
U(x,t):—Wcos(Qo1o) Afequation 5bo
It should be noted e that wave amplitudey =—;, is considered small (in fact negligible) in comparison to

water deptth in the derivation of Airy wave theory.

Fordeepwar condi t(@)do(s can belppreximated to:

u(x, )= 8, Mcos@ 1 0 fequation 60
vix, ) =) 5 FFsin@ 10 fequation 70
1 2=gk ) fiequation 80
O(x, ) =1 26 Q% sin (@ 1 0 fiequati on 90
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This would imply that the elliptical orbits of thevater particles associated with the general Airyava
description in(2) and (3), would reduce to circular orbits in deep wateditimns as implied by6) and (7).

312St okebés Second Order Wave Theory
Stokes employed perturbation techniques to stleentave boundary value problem and developed a theory for
finite amplitude wave that he carried to the second order. In this theory, all the wave characteristics (velocity
potential, celerity, surface profle par ti cl e ki net i c stefmseof & power series inf or mu |
successively higher orders of the wave steepness (H/L).
A condition of this theory is that (H/d) should be small so that the theory is applicable only in deep
water and a portion of the immediate depth range.
For engineering apiglations, the secordrder and possibly the fiftbrder theories are the most commonly used
[9].

Stokebs wave expansi on meohditiangl0li s formally valid unde]
H/d << (kd)2 for kd < 1 and H/L << 1.

St okebs wave t heor lyvalidin waternviseredhe relatile depth g0/L) is gremter
than about (1/10)11]. St ok eds theory would be adequate for descr |
shallow water, the connective terms become relatively large, the series convergdoaeasd erratic and a
large number of termarerequired to achieve a uniform acaay[12].
The fluid particle velocities are then given by;

_ “"Ocosh [Q§+Q 3(“"0? cosh [2k z+h ] =,

] TN T . P T \ ~ . N

x= N e cos(Q®@ 10 + o ed(m i 2(@ 1 0 Afequation 9abd
_ “'Osinh [Q4+Q] _: = e . 3(* 02 sinh [2k z+h ] , . . ~ . \
2= N Treora sin(Q@ 109 + 0 80 (M (2(@ 109 Afequation 9bo

The fluid particle accelerations are thgimen by;

_ " %0cosh [Q§+Q] . vy . 3“3 cosh [2k z+h ] , ., . . ~ . \
&_ziZ—i'ﬁ'n(m sin @G 710+ o ed(m i2(@ 109 Afequation 10abo

a = 2%’—5':?@[.,99(%9] s @ 10+ 3;5)2 S'?TQ@((TZ;] Gl 2(D 10 fequation 10bo

These velocitts and accelerations in (9) afD) are used ilMorisonrd s equati on to calc
vectors of hydrodynamic | oadi n dransformed fsom iglgbal Sobrditatesd s wa v
for each member of the offshore structure.

3.2Mo r i sEquatidrs

The along wave or #ine force per unit length acting on the submerged section of a rigid vertical surface
piercing cylinde, F (z, t), from the interaction of the wave kinematics at positifsom the MWL, (seeFig. 2),

is given byMorisond s e q TUhéstequatian. is originally developed to compute hydrodynamic forces acting
on a cylinder at a right angle to the steady flow, iargiven by

F(Z,t)ﬂ'%éa a(z,t)+23; d) wus(z t) fiequdldi on

in this (11) it is assumed that the wave force isiragton the vertical distance (z,dj the cylinder due to the
velocity (v) and acceleration (a) of the water particles, wherg ( i s t he density of water
diameter, §; ) and @) are inertia and drag coefficients, and F are drag force and inertia forfs].

FD:2£J— ) was(z, t) fiequaXdi on 1
Fi= 4%5& a(z) fiequa®i on 1

hese coefficients are f ound ReKeuldgan Cdreepteumbee, K&, andpon Re
the b parameter, Viz;

KC:%‘"Y bUY%}: Afequa4i on 1
Where y, = the maximum along wave water particle velocity. It is found that for KC < 10, inertia forces
progressively dominate; for 10 < KC < 20 both inertia draty force components are significant and for KC >

20, drag force progressively dominaftk
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Various methods exist for the calculation of the hydrodynamic loads on an arbitrary oriented cylinder by using
Morisond equation. The method adopted here assumes that only the compohewdter particles and
acceleréions normal to the member prodJéd].

To formulate the hydrodynamic load vectoy, Feonsider the single, bottom mounteglindrical
member(as shown irFig. 2). The forces are found by the well known sesmipiricalMorisond formula(11). It
also represents the load exerted on a vertical cylinder, assuming that the total force on an object in the wave is
the sum of drag and inertia force components. This assumption (introdubtatibgn) takes the drag term as a
functionof velocity andthe inertia force as a functiaf acceleratiorjl5], [16] and[17], so that:

©= 3504 U -(0g T 1) %0§+2£J da (0 7 64) L0 063)¢ Aequatmidon 15
This can be simplified to:

P= 0 b 42y B®:).L0)s fequaboonis
Where:

"® = nodal hydrodynamic force normal to the cylinder, D = Outer diameter of cylindeiSea water density.
0y, = Drag coefficient(= 1.06). U; = waterparticle accelerationd, = Inertia coefficient(= 1.2. 0; = water
particle velocity.0; = Structural velocityog = Structural acceleration

(15b) neglects the nelinear terms of drag coefficiefi2] and[18] water particle velocity and acceleration can
be evaluated by potential velocity computed from wtheories;the absolute value of velocity is needed to
preserve the sign variation of the farce

3.2.1Global and Local System
Thekinematics of crosflow with resultant velocityseeFig. 3)is;

TY) =0 TYQ

=1}

equdei on
o =VoNF O N iequa®di on 17

is determined using wave theory applied in the global systemhandransferred to the local dgsn using
transformation matrix (see Fig).
Application ofMorison6 s equati on | eads to:

du

2
F = JDTC'“EJrzlJ @Q W, ).qw,)s Aequa®ion 18

The components of tHerces in the local axis system then become;

N
fy —

1 uN D2 u o .. 9
= 3 @ aw)s iy G b fequabion 1
z

w

To get the local forces, we netxlget the matrices as follows

® ® ® ) ® @
T= & 0 o 1 . 5= 0 0 1
o0 1 0 ' W0 1 0
o 1 0 0 a1 0 0
Therefore, the local forces are given-as:
o W uNiN
fol = 4 QW) Iwy)ST W+ )Gy Vv iequa®i on 2
£ wNi w
The local forces are then transferred in to global forces by the transpose matrix
Fy 0
Fu= Fp = T 1 £ iequaldi on 2
F, N
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. RESULTS
The loads for six different sea states were computed using spread sheet for the following values of time
intervals, t = 0, T/4, T/2. The magnitudes of these forces are presented graphiEalyrés 6, 7, 8, 9, 10 and
1lwhen x= 0 and x = 16m.

V. CONCLUSION

The results for this work are thus;

1. The hydrodynamic force is directly proportional to the de@hd is minimum at= 0.

2. For all the sea state, all the hydrodynamic forces follow the sim@etions as the direction of the wave
propagation (as forces pushing the member) at timel/2 andt = 0 when distancex = 0 and 16m
respectively. (see Figures 8 and 9)

3. Also, all the hydrodynamic forces at time O, t=T/4andt = T/2when distance& = 0, =0 andx = 16m
respectively, are in direction (as forces pulling the member) similar to the direction of the wave
propagation for all the sea states. (see Figures 6, 7 and 11)

4. In Figure 10, the hydrodynamic forces follow the same directions eofwtiive propagation (as both
pushing and pulling forces) due to changes in sea states.

5. At constant time, distancex and deptlg, all the hydrodynamic forces are different for different sea state.
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Figures and Table
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Figure 1: definition diagram for an airy wave [1]
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Figure 3: global and local system




American Journal of Engineering Research (AJER) 2014

Figure 4: global and local coordinates

Figure 5 HD accommodation Iptform




