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Abstraci

in the present study, the dyvamic analysis of Facket

fype affshiore structures under the gotfon of tea

waves is carried o The finite element method i adopted for the safution of the problem, The
effect of soil-structure fateraction on the dynamic bekavior of the offiMore structure is takewt into
dcconnt due to the deformetions of the sail caused by the motion of the sirtcture, which in fur
modify the response of the structire. The supporiing eluslic foundation is represented by Winkler
tvpe model having normal and langentiol moduli of subgrade reactivn. These modwli may be
constoal aor varylag linearly or nonlinearly along the embedded femgth of the piles that support the
offvhore structure. The pile tip conditions are alse considered A time domaip sohiion is
recommended. The generafized Morivarn 'y egraiion s wed fo culcrlate the wove forces and Airy's
fincar theory to describe the flow characterisiics. Both Sree and forced vibration analyses are
Sudied The dyngmfc response has been obtained F modlal analvsts in confunction with Witson. &

method At an example, a modified mode
wader the action of wave forces.

Introdustion
Ope of the main loading for which offshore

structures are designed s catsed by extreme
water waves gencrated during intense, siomms.
The dominant periods of such waves are
tvpically much longer than the fundamental
periods of most fined offshore structures apd
therefore static anelysis s usually sulficicot
for obtaining the design respunse of these
S lunes to eXireme waves,

Due to the development of oiTshare il and
gas industrics and moving irio decper water,
a iarge number of platforms are being
installed in the marne environment that
respond more dynamically 10 cxireme weater
waves. Prediction of the dynamic response of
such  structumes in exireme sea sigtes s
therefore a proimary design consideration 1],

Many oifshore steuclures are analyzed for
dynamic response by mssuming that the
supporting  foundation is a dpid medium.

. IJL'pu.rt;l;cm of Tivit Rrgineering, Universily of (usrh

af an aviud jacket type uffchare plotform is analyzed

However, these offshore  structures  are
rclatively flexible and rest or emmbedded in
flexible medium, then the increpsed system
flexibility may significamtly alter the
predicted dynamic osponse of the structure.
Therelore, the  foundation  soil-structune
inferclion 18 importanl in the dynamic
analysis of such syste ms.

In modeling the interaction between the soit
and the embedded portion of the structure,
different approaches may be adopted ranging
fiom  the  simplified  tumped  spring
representation o the use of three-dimensiona]
finite etement or bawndary clement techniques
in  which the fomdation is taken as a
contingum, 1o order to simplify the seluivn
and {0 cepnomive the computations, the
foundation cap be treated 35 an  elastie
Winkler type,

v the present work, 2 linitc element
procedure is wed to predict the dvnamic



apalysis for an offshore platforn medel
represcnted as a space frame supported by
tong pifes embedded in an elastic Winkler
foundation having nomal and langential
moduli of subgrade resctions. These moduli
of subgrade reactions can be variable with
depth along the piles. The pile tip conditions
are also congidersd, Free vibration enalysis of
this mixdel bas been made on the basis of
consideration the lumped mass fechmique.
Modal analysis has been camied out of this
mixkel o determine the dynamic response.
The variation of nwturel Tequency with the
il modulus, the wvariation of natuml
frequency with the embedded pile length and
the tme variation of the deck displagement of
the model have been obtained.

M. i

The offshote platform mode! thar has been
analyzed tv  study the fres wvibration
vhameterstics is shown in Figure {1). The
dynamic respanse of the same modet due o3
regular wave hus also been obtained. The
mathematical formulation of the platfonm
model (hal is idealized as prismatic linearly
einstic frame elements is briefly indicated
below,

Free Yibration Analysis
The undznping free vibration cquation for the
framed structure ia given by: -

[K]§8) - i IM}{S} = {03

where [K] is the oversll stiffoess marmy of the
apructure, [M] is the oversll ways matrix of
the stucture, o (5 the petural circular
frequency and {8} is the nodal displacemens
vECIOF,

(K] and [M] have been formed by assembling
the respective element matnices, The enalysis
has been camrizd out on the basis of the
lumped mass firmuletion, in which the mass
of the struture s lumped a ity nedal points
depending on the distribution of the mass,
Moments of inertia of the member s masg are

ipnored.

The solution of the eigenproblem, as given in
Equation (1}, results in & polynomial equation

of degree M in ' for a structural systom
heving N degrees  of {reedom.  This
polyniommial is known as the chamscionsic
equation of the structure, The I~ rools of this
polynomial, which are called the ejgenvalues,
mepresent the naturel  frequencies  thet
correspond to the N modes of vibration which
are possible in the soructural system. This
safution iz ohtained by using the subspace
iteration methad {2].

Foirced ¥ibration Analysis

Modal analysis hat  been made in the
determination of the dymamic response, The
wave forces thal are acting on the members of
an offshore structure are nommally computed
by using Morizen's equation, the most widely
used approach in this vegard, This equation is
onginally developed to  compute  the
bydredypamic forces acting oo e ¢ylinder at
right angles to the stepdy flow and is given gs:

2
dF = pr:DT € ads+ ;—pD Cdufu|d5 —uefT}

by which, it is possible 1o determine the wave
forces om the wernical distance ds of the
cylinder duc fo the welocity {v¥) and
accelemation (2) of the water particle, and p is
the density of water, D is the cylinder
diameter and Cp, end C ere inertin and drag
cocfficients 2],

Various methodds exist for the calewlation of
the hydrodynamic loads in arbitrary ortented
cylinder by using Morison’s equation. The
method adopted here is o assume that only
the components of water particle yvelocity and
scceleration  vectors normal to the member
produce loads (). For caleulating the nodal
forces due to e hydrodymamic loading, sach
elememt iz divided equally o two parts. By
applying the generaliring form of Equation
{2y, the wave force is calculated af each node
of (e fame clement, then (his foree is
gssumed to gt yniformly over the nearcst half
part of the element to cach node and its effeet
iz then converred to nodal forees. Linear wave
theory  hes been assumed in order o caleulale
the wave particle characteristios {velocity and
acceieration),[5]. The interagtion between the
fluid and the structure has not  besn
considersd.
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The squalivns of motion of the offshore
platform modet due 1o the wave foroes are! -

[M)8} + [C}18} + [K]48} = {F{t)
It 1% assumed that
18} = [1D]{E}

where [#] is the mode shapes matix of the
structure thet resulls fram the free vibration
analysis and {£] is a time dependent veetor,

------- &)

Premulliplying bath sides of Equations (3) by
I3, the transpose of the modal shape vector
correspanding o the rih natural frequency,
and subsitituting Equation (4) into Equation
£3) and wsing the orthogonakity relationship,
then Equation (3] is written as [6]: -

: 2 f
E"! +2C"rmr&: * m:‘g‘: = "I'I':_ -“""""{5)

where:
m ={¢,}TIM}{¢J
f ={¢,}T{F=’.IJ}

The equation of motion (3] s corresponding
e the rth degree of freedom and then 1o the
rh  mode of wvibration  Similaly N
independent equalions af  metion
corresponding 1 N deprees of freedom can be
derived in the same manner that describe the
dynamic response of the entire struciural
system. These uncoupled equations have been
safved by using the Wilson-§ method [7].

Finally, afler the modal equations are s0]ved,
the fime dependent nodal displacements
voctor {8} which is considered in the analysiz
will be calculated from equation (4). Cice the
nodal displacements arc obtained, the member
forees arc determined using the standard
procedure,

Soil-Siructare Interaction

The part of (he offshore structure (supported
piles} that is embedded in a Winkler elastic
foundetion is represented by linear elasie 2.
nede frame finite elaments of uniform eross
scction  having one meter lenpth  and
supported by conlinuous elastic  Winkler
foundation  having nomal and  tangential
maduli  of subgrade reaction. The variation of

toi] rigidity with depth iz introduged by
varving these moduli of subgrade reactions.

There are several distributions of the moduli
of subprade reactions with depth, the mwost
widely ugted being that developed by Planer
and Thompsan [B], which is of the form: -
X
s i)
=K

where K, iz the normal or tangential modulus
of subprade reaction, K s the value of K at
the tip of pile (x=L} and {n} an cmpiricai
constanl deperding vpon the type of soijl.

Several assumptions ere adopted about the
value of the index (n). Faor 2 cohesive soil, it
is commontly taken us zero, that is the moduli
are congtant  with  depth. Davisson and
Prakash [%] suggested, however, that (n=(.15}
is more realistic for this type of soil ip order
to ke into account the effect of some
allpwance for plastic  soil behavior &t the
aurface. These two patterns of soil reactions
variation are shown in Fipure (2).

The moduli of subgrade reaction can be found
theometically or cxpedmentally. The medulus
of normal subprade reaction can be piven ag
flo7: -

Tod{-pl)

Whereas, the modulus of tangential subgrade
reaction and end bearing moduius are piven as

i -

E
T R DI |
Uogd(l-ply ®
E‘ o
ETTES S =

These expressions of moduli of subgrade
reactions and their distributions with depth
ars vonziderad in the present stady,

Case Studles
The numerical investigation of an offshore
piatform maodel a3 shown in Figere (1) §s



made. A typical cross seetion and an elevation
of the structure are also shown. The member
properties are summarized in Table (1), Four
stecl piles one at each main leg support the
structure. These piles arc driven to a depth of
{50 m) below the mudline in the seabed. The
whole struciure, including the supparted piles,
iz discretized intn {(428) framc elements and
(303} nodes. The platform deck is modeled as
a pyramid and has a total mass of (11.2 *10°

ke).

The fundamental sway, hending, torsion and
axial made shapes that resulted from the free
vibration analysis of the mode] are shown in
Figures (3} snd {4), These four modes are
congidered to estimate the effect of the
varigtion of the soil rigidity, represented by
the normal sofl modulus, (K,), on the natural
circular frequencies corresponding to these
modes und teking into account the case of the
variation of the soil reactions with depth {i.e.
n=0 and n=0.15). These effects are shown in
Figures (5} and (6). The natural frequencies
that comespond to all modes under study are
incregsed significantly with the soil rigidiny.
Moregver, the natural frequencies of the axial
and bending modes are affected higher than
those corresponding to sway and torsion
medes by the soil rigidity. Itis also noted that
the natural frequency is affected by the soil
rigidity whes the soil reactions are constant
with depth {n={) higher than that when the
soil reactions are distrituted nonlineardy with
depth (n=0,15),

Figures {7) and (8) show the vatiation of the
fundamental natural frequency with the
cmbedded pile length considering the effect
of pile tip conditions, The two pattems of the
soil reactions with depth are also considered.
[t is noted that the pile tip conditions arc
unimportant for fong piles but are influential
far short piles, espocially in loose sofl, The
effect of the variation of soil ropctions with
depth is clearly shown,

For studying the dynamic respomse of the
platform mnde], the following parameters
have bcen considered.

wave height =2t m
wave period = 12 sec
wave length =225 m
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water depth = 115 m

water dengity = 10.25 kN/m?

Cy=0.8 '

Cn=2.0

The assumed amount of viscous modal
damping ratio (5% For al]l mades of vibtalion
considering that (2%) as a hydrodynamic
damping, wheress the remaining (3%
simulates energy dissipation from sources
other than hydrodynamics {12].

The wvariarion of deck displacement over three
wavc periods o reach the steady stare has
been shown in Figure (9). Tt can be seen thal
the response of the deck displacement when
the seil reactions are varied nonlinearly with
depth (n=0.15) 13 higher than that when the
s0il reactions are constan {ne={).

The vamious losding offects as  the
displacement, exial forcc and  bending
moment in the deck, and the axial force and
bending moment at  the serbed, and their
effect by the sofl Foundation Aexibility are
given in Table (). As shown, the loeding
effects at the scabed are affectsd by the
increase of the structtral flexibility more than
in the deck, except the deck displacement thar
iz significantly increased with the increase of
the foundation flexibility.

Conchislon

Based on an offshore platform model, free
vibmation characteristics and jts dynamic
response have besn-determined. The inelusive
of the effect of soil-structure intersction in the
dynamic snalysis shows that the overall
dynamic responzes of the offshore structure
may be very sensitive to the variation of the
foundation characieristics. The boundary
conditions  at the battom lip of piles affect the
netural circular  frequencies, especially for
small piles in Tonse soils. The moduli of soil
reactions and their disttibutions with depth
affect significantly the natural frequencics af
the structure, especiatly 1hal corresponding to
the bending and evial medes of vibration
The msponse of the parts of the struchme
above the ground level {seabed} are less
affecied by the vanation of the soil
characterstics  thap those embedded in the
goil.
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Motations: -

8 water particle acceleration.

Cy: drag cosfficient.

Co: inertia cocificient.

iX; diameter of the frame element,

d: diameter of (he pile.

Es: clastic moduls of the soil,
LE(E)Y: time varying forge,

[K]: stiffniess matyix,

Ko modulus of normal soil reaction
Ky rmsdulus of tangential soil reaction,
Ko modulus of the end bearing spring,
L pile length

{M): mass matrix.

b water particle velocity,

§5}: nodal displecements vector.

p: density of water,

[®]: mode shapes matrix,

C: damping ratic.

{L}: time dependant vector.

o nataral circular frequency.

s Polason’s ratio of the seil.
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Figure (1): Sketch of Offshore Placform Maodel for the Case Stydy.
() Space view. {b) An elevation. (¢) Typical cross section,

Table (1): Definition of member propetties (tubes)

Pils Length

Figure (2) Patterns of Soil Reaction Variation Along the Plle Length



(48)

Sway Mode

Torsion Moede

Figure (3): Patterns of the Fundamental Sway and Torsien Modes.
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Bending Mode

Axinl Mode

Figure (4): Patterns of the Fandamental Bending and Axial Modes,
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Fignre (5-12): Time ¥Yaristion of Deck Displacement with Clay Soil in the Seabed.
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Table {2): Variation of loading effects with the aoil maoduluen.




