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Dynamics ot jack-up platforms

in elevated condition

1 INTROOUCTION
1.1 PURPOSE
The main objective of this study is to gat an insight into the
dynamic behaviour of a jack-up platform with lattice legs, in
elevated condition. The ma in parameters to be examined are:

a. Water loads
b. Oeck motions
c. Hydrodynamic damping

These parameters will ba investigated for the excitation ot
the platform by a regular wave as weIl as a stochastic sea
state represented by a JONSWAP wave spectrum.
An attempt will be made to tind statistical distribution func-
tions tor the water loads and the platform motions for the ca-
se of aspectral reprentation of the waves at sea.
A nume~ical approach to handle jack-up dynamics is developed,
together with the necessary computer programs, applicable to a
wide range of jaCk-up platforms and environ~ental conditions.
Much attention will be paid to comparin; frequency domain ana-
lysis and time domain analysis.
In order to get a verification of the general results, the re-
sulting numerical model will be applied to a Russian platform,
the Kolsk~ya, which is shown on the cover of this ~eport. lts
p~operties are described in paragraph 1.3 •

.
1.2 GENERAL OESCRIPTION OF JACK-UP PLATFORMS
Jack-up platforms have been in us. since about 1955. This type
of platform has become a standard tooI for operations in water
with depths up to 100 metres. In the offshore industry, it is
mainly used for exploration and drilling activities, becausa
of its mobility~ Basically, a jack-up is a self-elevating pon-
toon, which is carried by retractable lags"rasting on the sea
bed. This is the case durin; operation, which is the situation
to be studied in this report.
1f the le;$ are pulled up by means of jacking mechanisms, the
platform can be towed by tugboats or carried by a heavy trans-
portation vessel to another location at sea.
The number of legs of the platform depends on the
varies from thr.e t~ eight. Tha le9s are either

design
designed

and
as
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tu~ulars ~ith circular or square cross-section, or as lattice
structures with triangular or square cross-section.

1.3 RUSSIAN JACK-UP PLATFORM
1.3.1 General
The platform to be studied is of the three-le9ged typ. with
th. derrick cantilevered over the side. It was ordered from
Rauma Repola Offshore Division, Finland by the Russian Minis-
try of Gas in 1982. It is designed by Gusto Engineering,
Schiedam, for operation under aretie eonditions of Kara, 9al-
tie, Barents, and Okhotsk Seas and the 3lack Sea of the USSR.
All data concerning the structure have been derived trom re-
ports by Gusto Engin.erin;.

1.3.2 Particulars
The pontoon of the Russian platform is triangular, with a can-
tileverad derrick (see figures 1.1 and 1.2). Its main proper-
ties are:

Length
Breadth
Depth at centre lina
Pontoon mass

69.28 m
80.00 m
8.55 m

1960 tons
The legs are of the triangular lattice type with vertical, ho-
rizontal and diagonal elements. The vertical alaments are cal-
led chords and are interconnected by the diagonal elements,
the so-called braces. The buckling length ot these braces is
reduced by means of spanbreakers, which interconneet the cen-
tres of all braces in one bay of the legs (see figures 1.3 and
1.4). aecause of their configuration in this type of leg de-
sign the braces are called X-braces (see tigures 1.2 and 1.3).
The cross-sections ot the chords are triangular shaped, while
the other elements are tubular.
At the lower end of each leg there is a spud can to reduce pe-
netration into the soil (see figure 1.2).

The main leg propertias are:
Say height
Length overall _
Centra chord to centre chord
Nominal mass, incl. spud can
Spud can mass
Spud can area
Equivalent spud can radius

5.76 m
141.50 m
10.50 m

1160 tons
60 tons

180 m
7.51 m

Copyright of GUSTO ENGINEERIN~ CV whose property th is document remains. No part thereof may be disclosed,
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Figure 1.1: T~pview 01 tha jaek-
uP platform Kolskaya

As tha spud ean has an oetagonal shape, the equivalent spud
can radius is defined' as tha radius of a eirele with the same
area as the spud ean (see figure 1.5).

In the eonneetion of the 1ags to the hull, moments and hori-
zontal forces are carried by a guiding system, consisting of
twe1ve steel paàs, the guides. The six lower guides are at-
tached to the pontoon itself, near its bottom, and the six up-
per guides are suppor~ed by a framework (sQe figure 1.6).

Copyright of GUSTO ENGINEERING CV whose property this document remains. No part thereof may be disclosed,
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Figure 1.2: Sideview of the jack-
up platform Kolskaya

The pontoon is elevated by an eleetrically driven rack and pi-

Copyright of GUSTO ENGINEERING CV whose property this document remains. No part thereof may be disclosed,
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.e

Figure 1.3: Ona bay of the leg

spanbreaker

Figura 1.4: Cross-section of one
leg
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A

spud can

Figure 1.5: Equivalent spud can
area

nion system, which is integrated in tha framawork supporting
the upper guides. The elevated condition of the pontoon is
maintainad by ~eans of brakes actin; on the motor units, so
the vertical forces within t~e leg-huIl connection are always
carried by tha toothing of the racks and tha pin ion wheels.
There is on rack per chord of the leg and there are ,tour pi~
nion wh.els acting on each rack. Each wheel has its own motor
and brake.
As the toothing of the racks and the pinion ~heels is rela-
tively vulnerable, it is desirable to minimize the forcas in
the toothing. For this reason, the twelve motor units per leg,
including the brakes, are linked hydraulically by a load sha-
ring device, keeping the forces equal in all pinion wheels un-der all conditions. This means th at the rack and pinion system
is not loaded by moments but only by the vartical forces in
the leg-huIl connection.
The main properties of the alevating system ara:

Distance centre lower
guide and bot tom ~ull

Vertical guide distance
Holding force of the

brakas, per leg

3.60 m
16.50 m

73920 kN

The upper-point of fixation of the leg is assumed to be at the
centre of the lower guides, from now on rafered to as the
lower guide lavel.

Copyright pf GUSTO ENGINEERING CV whose property this doçument remains. No part thereof may be disclosed,
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~--------------chord

.._-----------c:; pan b rea ke r

Figure 1.6: Jacking systam of the
Kolskaya

In this study, the free leg length, 1, is defined as the dis-
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tance between the tip of the spud can and the lowar guidas.
The design conditiens as stated by Gusto are listed tor opera-
tion and survival conditions:

Operation Survival
Maximum payload
Pontoon mass
Total elevated mass
Free leg length for

maximum elevation

2650
7960

10610
2300
7960

10260
tons
tons
tons

120 120 m

1.4 LOCATION
Since it is virtually impossible to obtain tha necessary envi-
ronmental data for the operational sea areas of the Russian
jack-up platform, a North Sea location has been chosen for the
tests of the numerical model. It is assumed that the jack-up
is located on the Forties field, as shown in figure 1.7.
Tha following design conditions have been derivad from Noble
and Oenton:

Water depth Cincluding
tide and storm surge'

50 year wave height
50 year wave period
Wind speed (1 min. sust.'
Current at surface
Airgap batween hull bottom

and still water level

95 m
28 m
17.5 s
43 . mIs
0.8 Inls

21.4 m
The airgap betwa3n the huIl bottom and still water level is
found by assuming that the maximum elevation of the water SUr-
face due to the design wave is 70 % of its ~ave height, as
shown in figur. 1.8.
This is the approximate surf ace elevation computed for a
fifth order Stokes wave of the above properti~s. Most classi-
fication ruies require an airgap of 6 feat on top of tha de-
sign wave. This yields the following airgap computation:

Maximum surface elevation
dua to the 50 year wave! 70 % * Z8 m = 19.6 m

6 feet airgap: 1.8 m
+

Airgap between huIl bottom
and still water level: 21.4 m

Copyright of GUSTO ENGINEERING CV whose property this document remains. No part thereof may be disclosed,
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Figur. 1.7: Location of the For-
ties field
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Figure 1.8: Haight distribution
of ihe design wave

Application of its definition yields the free leg length:
Water depth Cincluding

tide and storm surge): 95 m

Airgap between huIl bottom
and still water level: 21.4 m

Oistance between lower guide
level and huIl bottom: 3.6 m

+ -------
Free leg length 120.0 m

For the purpose of a siochastic wave representation by maans
cf a wave speetrum, it has been derived from scatter diagrams,
that the 50 year design wave has the largest probability of
occuring in ihe sea state with a peak period of 12 s and a
significant wave height of 14 m. In order to enable ihe analy-
sis cf dynamic amplification effects on the platform response
due to sea states with peak periods near the .natural periods
of the jack-up, tha following range of sea states will be axa-
mined:

Copyright of GUSTO ENGINEERING CV whose property th is document remains. No part thereof may be disclosed,
copied, duplicated, or in any ether way made use of, except with approval of GUSTO ENGINEERINGCV SCHIEDAM.
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I Peak pe~iod (sJ I Significant wave height CmJ I1-----------------------------------------------1,
I
I,
I
I
I
I
I

8.0
8.5
9.0
9.5

10.0
10.5
11.0
11.5
12.0

I
I
I
I
I
I
I
I,

6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0

I
I
I
I
I
I
I
I
I

Tabla 1.1: Design sea statas
of the Fo~tias field
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2 PARAMETER STUOY
2.1 INTROOUCTION
In this chapter. all paramete~s that ar. ne.ded for a dynamic
respons. analysis of a jack-up, ar•• xamined. For this purpose
the data listed in paragraph 1.3 are used. Th. parameters to
be examined are:

a. Mass distribution of the legs

b. Mass distribution of the deck
c. Stiftness ot the legs
d. Stittn.!s ot the leg-soil connection
e. Stittnass of the leg-huIl connectien
f. Second order bènding
g. Oamping
h~ Loads

The ·tormulas are derived tor the Russian platform, but most of
th.m apply to a wid. range 01 jack-ups.
For many of the computations it is very convenient to use a
coordinate syst.m that is fixed to the platform. Figure 2.1
shows the the oriantation ot the axes used in tnis report. The
origin is located at the sea bottom, vertically below the,gra-
vity centre of the pontoon.
The basis of the parameter study in this chapter is the gene-
ral dynamic model presented in paragraph 2.2. A more detailed
model will be highlighted in chapter 5.
aefore the above parameters are analysed, a closer look is ta-
ken at the leg-~oil connection.
It should be noted that it is inevitable that some of the re-
sults in this chapter are'based on the results stated later.
Tnis is due te the links betwaen several parameters.

Copyright of GUSTO ENGINEERING CV whose property th is document remains. No part thereof may be disclosed,
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z

x

Figure 2.1: Platform-fixed
coordinate system

2.2 GENERAL DYNAMIC MCD=L
In this paragraph th. basis is pr.s.nted of a dynamic -model,
that will b. refined in the next chapters. Th; ma in structural
property underlying this model is th. lateral fl.xibility of a
jack-up platform, wnicn is large compared to its vertical
flexibility. Ou. to this, vertical translations of tne deck
and rotation of tne deck about a norizontal axis are negligi-
bIe, if the amplitude of tne lateral motions is small compared
to the free leg 1en;th. This maans that the dynamic response
of the platform is dominated by lateral motions and that there
are thr •• degr.es of fr.edom Cs•• figure 2.2):

a. Two orthogonal translations.

b. Rotation ab~ut the vertical axis through the gravi-
ty centra of the platform.

According to theory, this three-degrees-of-freedom syst~m can
ba split into thr.e sing1e-degrae-of-freedom systams, 1f the
fol10wing conditions are satisfied:

a. Low dampin~ percentages.

b. Platform symmetry about an axis parallel to the
loading direction. Thi5 implies that the motion mo-
des are not linked physically.·

Copyright of GU~TO ENGINEERING CV whose p.roperty this document remains. No part thereof may be disclosed,
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Figure 2.2: Oegrees of freedom of
a jàck-up platform

For jack-up platforms in general, maximum damping percentages
are about 5 %, so the first condition is satisfied. In the
case of tha. Russian platform the second condition is satisfied
for the loading directions shown in figure 2.3.

Figure 2.3: Symmetric~l loading
diractions of the
Kolskaya .

As a first approximation,. the three motion modes will be con-
sidered separately in this chaptar. Tha freQuency domain com-
puter program, however, appli~s to the ganeral three-degrees-
of-fraadom systam. This is outlinad in chapter 6.
Tha theory tor both. of tha translational modes is identical,

Copyright of GUSTO ENGINEERING CV whose property this document remains. No part thereof·may be disclosed,
copled, dupllcated, or in any other way made use of, except with approval of GUSTO ENGINEERING CV SCHIEDAM.
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and the~efo~e the pa~amete~s involved a~e only examined fo~
one di~ection. Ho~eve~, this does not imply tha1 the motion
amplitudes of both t~anslational motions a~e .qual, as th1s
depends on the loading conditions.
The 1~o remaining single-deg~ee-of-f~eedom systems 10 be stu-
died a~e desc~ibed by the follo~ing pa~amete~s, as shown in
figu~e 2.4:

M rJl1tv = dynamic deck mass

krr. = t~anslational stiffness

cn =. translational damping
J = mass moment of inertia

k R.OT = ~ota1ional s1iffness

e !tOT = ~01a1ional damping

·~X,Y

Figure 2.4: Single-degree-of-
fr.edom systems re-
placing tha platto~m

It should be noted that the' frequency domain eompute~ p~ogram
that has been developed does not use the th~ee single-deg~e.-
of-f~~edom systems, but the 'o~iginal' th~ee-de9ree3-of-f~e.-
dom sys1em, and theretore it is capable of handling assym~tric
platform contigurations and ~elatively high damping pereenta-
~es.

Copyright of GU~TO. ENGINeERING CV whose property this document remains. No part thereof may be disclosed,
copled, duplicated, or In any other way made use of, except with approval of GUSTO ENGINEERINGCV SCHIEDAM.



18
Dynamics of jack-up platforms

in elevated condition

2.3 lEG-SOIl CONNECTION
The damping and stiffnass properties of the leg-soil connec-
tion are of great importance for the dynamic behaviour of a
jack-uP platform, but their evaluation is troubled by the f01-
lowing problems and uncertainties:

a. The effect of cyclic loading on soil.

b. Possibl. non-linearity of the relationship between
loads and displacements.

c. Oegree of spud can penetration into the soil.

d. Th. influence of bottom slopes.

e. Possible plastic behaviour of the soil near failu-
re.

f. Due to the mobility of jack-ups it is virtually im-
possible to predict soil parameter values. Strong
fluctuations occur even within ralatively small a-
rsas.

Remarks a. to •• r.flect the po~r knowledge about the meeha-
nisms governing th. interaction between the sea bed and the
spud can and ev.n for a simplified model of interaction ther
• are no adequate formulas available describing the soil dam-
ping and stiffness.
The problems arising from the lack of knowled;e about the l8g-
soil interaction are handled by making the following assump-
tions:

a. Horizontal motions of the spud can ara ne;ligible.
b. Vertical motions of the spud can are negligible.

c. Oeck motions cause the leg to rotate about a
zontal axis th~ough the tip of the spud can
figure 2.5).

hori-
Csee

d. The rotational soi1 restraint is indspendent of the
penetration depth of the Ie;.

ad b. In appendix 1.7.2 it is found that the variation ot
the axial leg load, dus to deck motions, is less
than 7.5 ~ of the average axial l.g load, and
th.refor. th. ~ertical spud can displ~cements will
b. smalle

ad c. Sine. the amplitude of the dynamic soil stress due

Copyright of GUSTO ENGINEERING CV -whose property this document remains. No part thereof may be disclosed,
copled, duplicated, or in any other way made use of, except with approval of GUSTO ENGINEERINGCV SCHIEDAM.
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Figure 2.5: Rotation axis of the
spud can

to deck motions increases, going from the tip of
the spud can to the edga. This is shown in figure
2.6. As a result of this, the effect of soi1 weake-
ning, which is caused by·dynamic loading, wil1 have
its maximum near the edge and the soi1 stresses
will concantrate at the tip.of the spud can, thus
a1lowing rotation about the spud can tip.

Figure 2.6: Penetratien of the
spud can

_ _Cppyright of GUSTO ENGINEERING CV whose property this document remains. No part thereof may be disclosed,
'copled, dupli.cated, or in any other way made use of, except with approval of GUSTO ENGINEERING CV SCHIEDAM.
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ad d. Thi5 reflects tne assumption that all soi1 re sis-
tance is generated in the contact area of the spud
can bottom and the soi1 and "that there is no con-
tact of the soil with the top of the spud can or
the penetrated part of the leg. This is due to the
fact that the soil does not completely return to is
original position aftar being pU5had aside by the
penetrating spud can Csee figure 2.6). Howevar,
thera is no certainty wet her this assumption is va-
lid tor all soils.

The assumptions statea above reduce the leg-soi1 connection to
a hin;ed support with a certain amount of rotational restraint
and, of particu1ar importance for the dynamic response analy-
sis, an amount of rotationa1 dampin; Csee figure 2.7).

Figure 2.7: Model of leg-soil
interaction

In an attempt to predict the order of magnitude of soi1 5tif1-
ness, the fol10wing D.N.V formula is used:

k =A

8GR~
3 C1- \I)

C2.01)

where:
kA = rotational stiffnass of leg-soi1 conn~ction
G = shear modulus of soil
R = spud can radius

)) = Poisson"s ratio
O.N.V. states'the followin; limitations of expression C2.01):

a. It applies to statie loading conditions.

C()pyright of GUSTO ENGINEERING CV whose property this document remains. No part thereof may be disclosed,
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b. 1t is valid only tor soil stresses up to 40 % ot
the maximum bearin; capacity.

c. 90ttom slo~e is not account ad tor.

The 50il parameters needed tor the computation ot rotational
restraint and damping are the shear modulus of soil and Pois-
son's ratio. As information about the soil conditions in tha
operational areas of the Russian platform is not availabla,
the values that are given here apply to approximate conditions
tor some parts of the North Sea:

G = 15000 kN/ml..
v = 0.4

Together with the value of equivalent spud can radius:
R = 7.57 m

this yields the resu1t tor the rotationa1 stitfness ot the
1eg-soi1 connection:

kA = 3*lOr kN~/rad
Although this result is well in line with values tound by
O.N.V.; it is again pointad out that this figure only indica-
tes an order ot magnitude and certain soil conditions could
yield much less rotational restraint. Such an underestimation
could cause a Significant underprediction of jack-up motions.
Th•• stimation ot soil damping values is troubled by the same
uncertainties. For this reason, plattorm motions wi11 ba com-
puted for a number of leg-soil stiftness and soi1 damping
valuas. The tol10wing range of rotational stiftness valu3s
will be used t .

kA = 0 kNmIrad to T4*10 kNmIrad
A5 mentioned in paragraph 2.6, O.N.V. state! the tollowing
range of soi1 damping values tor a jack-up, similar to the ona
studied hare:

C SOlI. = 0 % to 2 %

Copyright of GUSTO ENGINEERING CV whose property th is document remains. No part thereof may be disclosed,
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2.4 MASS OISTRIBUTION

2.4.1 Legs
Goin; upwa~ds f~om th. spud can, th. lag ~ass pe~ unit length
is slightly inc~.asing, due to an inc~.asing c~oss-s.ctional
area of the chor.ds Cse. table 1.1 of the appendix). In further
computations this effect is neglect~d, causing a maximum e~ror
in the o~de~ of 10 t. Ou. to d.ck motions the leg5 will rotate
about an horizont al axis through the tip of tne spud can Cse.
figu~e 2.7), and th.refore the maS5 of the spud can will not
influence the dynamic behaviou~ of the jack-up platfo~m signi-
ficantly. It is neglected fo~ th. com~utation of th. leg mass
per unit length, which then becomes (see appendix 2.1):

ml = 8 ton5/m

2.4.2 Oeck
For the dynamic response analysis of a jack-up platform, the
following mass paramete~s a~e of impo~tance:

a. Th.· mass causing second o~de~ bending of the legs,
called total deck mass, MD. It is consisting of the
pontoon mass, the maximum payload and mass of the
leg pa~ts above lower guide level Cse. figure 2.S>.

Figure 2.8: Total deck mass

b. The so-called dynamic d~ck mass, ~p~ t which is u-
sed for translational modes of the platform. It in-
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corporates the total deck mass, MD, and a mass con-
tribution trom the free leg length, M4' as shown
in figure 2.9.

c. The mass moment inertia ot the deck about the ver-
tical axis through the centre of gravity, J. Again,
eontrbutions trom the legs are included. It is de-
rived trom O.N.V. eomputations tor a similar jaek-
up platform Csee figure 2.9).

Figure 2.9: Oynamic deck mass and
mass moment of iner-
tia

The mass contribution from the free leg lengt" is computed in
appendix 2.1 by assuming that tha leg motions are Quasi-statie
in the frequeney range relevant for the dynamic behaviour ot
the platform. This assumption can be eheeked by comparing the
natural period of the complete platform to tha natural period
of th. legs.

The nat~ral period of a leg can be calculated- by considering
the motions of one leg, while the pon toon is èssumed to be
fixed. It depends on the stiffness of the leg-hull connection
and the leg-soil connection. The two extreme cases ara shown
in figure 2.10.

Case A, in which both ends of the leg are fix.d, will yiald
the lowest possibl. valu. of th. natural p.riod, whil. case 9,
with two hing.s, yields an upper boundary. The following ex-
pression tor the natural pariod of one leg is deriv.d trom
structural mechanics:
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whe~e:

<2.02)

B

m,EI' m,EI'

A

Figu~e 2.10: Two ex~~eme cases of
leg suppo~~

Tt = natu~al pe~iod of one leg

mi = leg mass pe~ unit length
1 = f~ea leg length
C = coefficient, depending on tha dag~ee of ~ota-

t10nal ~estl"'ain~ at both ends ot the f~ee leg
length

EI .. = I"'educed leg st1ffness <see pa~ag~aph 2.5)
For cases A and B shown in fi~ure 2.10, the vdl~es of ceeffi-
cient C a~e ~espectively 22.4 and 9.87. Substitutien cf these
values t0gethe~ with the data f~em tha Kalskaya into exp~es-
sion C2.02) yields the following range of na~ural periods fo~
one leg:

Tl = 0.26 5 to 0.59 S

Fol'"the computation of the natural pel"'iods of the comple~e
platform the mass contl"'ibutions fl"'omthe f~ee leg length a~e
neglected. Th1s is suff1ciently accurate fol'" the pu~pose of
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comparing both natural pariods. The natural periods for the
two relevant types of platform motion , horizontal translation
of th. deck and rotation about the vertical a~is through the
gravity centre, can ba computed by. considaring the two m.cha-
nisms as separate single-degree-ot-freedom systems (see figure
2.11).

Figure 2.11: O.graes of fr.edom of
the jack-up platform

1his yields the following approximation of tha natural periods
of the complete platform, for translation:

Trit = 5• 9 s t 0 11 • 8 s

and for rotation:

TROT = 4 • 2 s t 0 8 • 5 s

From comparision of th. various natural periods listed above
the following conclusions can be drawn:

a. Tha natural pariod of one leg and the natural pe-
riods of the complate platform diffar one ordar of
magnitude.

b. The natural period of the lags is weIl outside the
range of relevant wave periods at sea, approximatly
4 5 to 18 s.

1his means that the motions of the legs can be regarded as
quasi-static, which is an important conclusion tor the analy-
sis ot jack-up dynamics.
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With this conclusion, the static leg deflection, x(z), can ba
written as a dimensionless deflection parameter, h(z), detined
às:

x(z)
h(z) = C2.03)

xCI)

where:

hCz) = dimensionless static deflection

xCz) = statie deflection of the leg

xCI) = statie deflection at lower gu~de level

This is shown in figure 2.12•

• x(l)F .

z

Figure 2.12: Oimensionless leg
deflaction

Using th1s dimensionless leg deflection, the expres sion for'
the mass contribution from the free leg length, M4' is given
by Csee appendix 2.1):

l
M,_ = m~ )hCZ)dZ

o
Substitution of C2.03) into C2.04) and using the expression
for xCz) found in the next paragraph 'yields the following con-
triouting leg mass:

(2.04)

M1 = 479 tons to 561 tons
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It is stressed that this is the mass contribution from the leg
part below lower guide level only and that the ma ss of the up-
per leg part is al ready included in the total deck mass, MD.
Further computations yield Csee appendix 2.2):

Mp a 11090 tons

= 12527 :tons to
= 6.1*106 tonml.

12773 tons
to 6.4*106 tonm~J

The following should be noted:
a. The above mass parameters are defined for the

condition, which means that no added water mass
included. This is dona at the computation 01
water loads.

dry
is

the

b. Fluid motions 01 the liquid pay10ad could have a
significant effect on the dynamic behaviour of the
platform, but this will not be the case here. Tha
preloading tanks are the only tanks aboard with a
significant size, but they"are empty during severe
we~ther conditiohs·, which are do~inant for the dy-
namic response of the platform.· The mass of the re-
main~ng liquid payload durin; survival conditions
i~ 1ess than 2 ~ 01 the total deck mass, Mp. There-
fore the liQuid payload is included in Mo.

c. For the computations described above it is assumed
that the centre of gravity of the platform coinci-
des with the geometrica1 centre of the deck. The
computer program, that has already been mentioned,
allows the definition of any other realistic gravi-
ty centre.

2.5 STIFFNESS
2.5.1 Combined leg stiffness
For the dynamic response ana1ysis, tha jack-up platform is
modelled as a system of masses, springs and dashpots. As the
mass is concentrated at the deck and the 1egs act as springs
in this system, it is convenient to replace the legs by hori-
zont al springs at lower guide level, where the fixation point
of tha lags is assumed to ba Csee figure 2.13). For this pur-
pose, all relevant stiffness parameters of the leg are repla-
ced by the so-called combined lag stiffnass, danotad as kc.
Tha combined leg stiffness is defined as the spring constant
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upper guides

)

guides

Figure 2.13: Model of the leg-huIl
connection

of a translational spring replacing the lateral stiffnes5 of
the leg at lower guide level. Actu~lly, it is not a stiffness
parameter of the leg, but a combination of various > parameters
governing the behaviour of ~he leg in dynamic model of the
platform, 50 the name 'stiffness' is not correct. However, it
will be used in this report for convenience.

2.5.2 Assumptions
The computation of the combined leg 5tif1ness, as presented in
appendix 1, is based on the following assumptions:

a. The deck is rigid compared to the legs.
b. Axial deformation of the lags is neglected.
c. The banding forces of the leg are carried 'by the

chords. Steiner's' r-ule is used tor the c omp ut at Lon
of EI.

d. The shear forces of the leg are carried by the bra-
ces.

a. The displacements of tha lower guides are negli-
gibla.

f. The springs at the leg-huIl eonneetion and the leg-
soil eonnection are linear.
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g. The axial foree in the leg is independent of the
vertical coordinate and aqual to the axial lag lead
at lower guide level.

ad f. Tnis assumption is not correct ·for all types of
jack-ups. For example, slack in tne guiding system
will allow a certain amount of free rotation~ befo-
re rotational stiffness builds up (see figure
2.14). Slack in tne leg-null conn.ction can only be
avoided by tne use of wadges, otherwisa the rela-
tionship between moment and rotation will be non-
linear. At the Russian platform, no wedges are used
for fixation of tne leg-hull connection.

M

i

I slack

Figure 2.14: Slack in tha guiding
system

ad g. Cue to tne mass'of the leg the axial force in the
leg will increase goino downward from tne lower
guides. For a three-legged platform the axial 18g
load at lower guide level is prop~rtional to one
third oi the total deck mass, so in this case ab out
3680 tons. The mass of the frae leg length is about
960 tons and thus the maximum increase of the axial
leg load is 26 %. This seams quite significant, but
for the upper part of the free leg length, which
governs second order bending, the increase of the
axial leg load will be in the order of' 10 t. This
can be neglacted for tne computation of the combi-
nad leg stiffness.
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2.5.3 Computation procedure
The eombined leg stiffness ineludes the following parameters
and influenees (see figure 2.15):

a. EI = bending stiffness of the leg

b. kc;. = shear 5tiffness of one bay ot the leg
e. ks = rotational stiffness of the leg-huIl eonnec-

tion
d. k" = rotational stiffness of the leg-soil connee-

tion
= axial leg load, eausing seeond order

of the leg. This axial leg load is
by the total deck mass, MD.

ben ding
excerted

Figure 2.15: Modelling of the eom-
bined leg stiffness

In erapter 1.1 of the appendix it is shown that all cf tha a-
bove parameters are independent of _the loading direction, ex-
cept for the shaar sti1fnes5. This means that the comQined leg
stitfness is independent 01 the loading direction as weIl, it
the shaar stiffness has only litt13 influence on the eombined
leg stif1ne5s. This assumption is verified in section 2.4.3.

Th. exact procedure for computing and combining parameters
listed above is giv.n in appendix 1 and will not ba reproduced
here, only a general description. First the bendi"g stiffness
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ot the leg, EI, and the shear stiffness ot o~e bay, k~s' are
eombined to one parameter, ealled the redueed bending stiff-
ness, EI', (se. appendix 1.4). This is done by regarding the
leg as a eantilever ~ith bending and shear stittness and re-
plaeing it by a e~ntilever with 'redueed' bending stiftness
and the same ratio of load and displaeement at lower guide le-
vel (see figure 2.16).

d I

Fig~re 2.16: Oetinition of ·the re-
dueed leg bending
stiffness

Af ter this, the differential equation for the leg bending mo-
ments is solved. This equation ineludes tha influenee of the
reduced bending stiffness of the leg, EI', the rotational
stiffness of the leg-soil eonnection, kA' and the rotational
stiffness ot the leg-huIl eonneetion, kB. The resulting ex-
pression is given by equations (2.05) to (2.08):

whera:

(2.05)
EI ..

-k6
= C

~ 2.6 I '

kAk" kA .
:11 e +

o{lE1,t. ot"E1 .."-

(2.06)

(2.07)
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c =
l+kA eos(oll)/kg +k" sin(ol.l)/a(EI'

(2.08)

x(z) = leg displacement

F2 .= axial leg load
EI' = reduced leg bending stiffness
k~ = rotational stiffness of the leg-soil connection

kg = rotational stiffnes! of tha leg-huIl connection
I = free leg leng th
F, = horizontal load at lower guide level

It should be noted that this solution is valid only for an
axial leg load, F~t Ie ss than the buckling load of the leg. If
both sides of equation (2.05) are divided by the horizontal
load at 10IDer guide level, F. tand the vertical coordinate of
the lower guides is substituted:

z = 1

then the reciproke of the eombined leg stiffnes5,k , is found:
1 x(l)

=

1 I= c~sin(dl) + c)(cos(~l)-l) - (2.09)
kc. c(l.e I'

Th~ eomputation of the various stiffnGss parameters in app.en-
dix 1 yields:

2.03*10~ l.EI = kNm

k,,& = 8.26*lO~ kNm/rad
EI .. 1.93*10'}kNm 1..=

k& 3.9*10" kNm/rad r= to 9.6*10 kNm/rad
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The computation of the rotational stiffness of the leg-huIl
connection, kg, includes the following effects:

a. Horizontal displacement of the upper guides.
b. Bending of the chords facing the guides.

Both effects are due to guide forces.
As can be seen, the reduction ot the bending stiffness, EI,
caused by the shear stiffness, ksa' is only 5 ~, so the shear
deformation of the legs ~ill only have a minor effect on the
dynamic behaviour of the platform and tha assumption, that the
combined leg stiftness is independent of the loading direc-
tion, is correct.

2.5.4 Axial leg load
Oue to deck motions, the distribution of the axial
wfll change. In this section it is examined, wether
fluences the dynamic behaviour of the platform.

leg loads
this in-

From the equilibrium of forces and moments of a two-dimensio-
nal platform model, as ~hown in appendix 1.7.2, it can be seen
that a displacement of the deck causes a change of the indivi-
dual axial leg loads (see figur, 2.17). As the total vertical
load on the legs remains constant, the decrease of the axial
force in one leg is canceled by the increase in the other leg.
In the appendix it is tound that, for a maximum deck displace-
ment of 2 m, th. fluctuation of the axial leg Lead , Fl.' ä s in
the following range:

F2. = 3.36*104 kN to 3.90*10'" kN
In tnis range, there is a lin.ar relationship between the com-
bined leg stiftness and the axial leg lead, as is shown in fi-
gure 2.18.
It can be concluded that the fluctuations of the combined leg
stiftness of the individual legs cancel each other and th0s
will have no effect on tne dynamic behaviour of the platform.
This means that these fluctuations can be neglected and that
the axial load on each leg can b~ taken as a constant value:

F,. = 3.63::;10'1kN
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Figure 2.11: Variation of 1he
axial leg loads due
to deck displacement
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2.5.5 Results
Substitution of tne previous results for F~, kB and EI', t~-
getnar witn tne following range of soil stiffness values:

kA = 0 kNmIrad to 4=:;10r kNmIrad
into equation C2.09) yields tne combined leg stiffness, kc:

k, = 1.2*10~ kN/m to 4.8*10' kN/m
In order to get a verification of tne le; stiffness computa-
tions, tnis result is compared to tne stiffness of a cantile-
ver of tne ~ame lengtn and reduced bendin; stiffness, EI' Csee
fi;ure 2.19).

d I

Figure 2.19: Cantilever witn ben-
ding stiffness equal
to tne reduced leg
bending stiffness

According to its definition, the combined leg stitfness of a
cantilever witn tne same reduced bendin9 stiffness EI' is
found to be:

(2.10)
As to be expected, tne order of magnitude ot both results a-
greas quite well. Tnis indicates t~at tne expression found for
tne leg deflection is correct.
In figur~ 2.20 tne deflectio~ of one leg due to a horizontal
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load of 1000 kN has been plotted for several values of the ro-
tational leg-soil stiffness, k • In figure 2.21 the same has
been done for a numb.r of values of the rotational leg-huIl
stiffness. Th. main conclusions that can drawn from these fi-
gures are:

a. In the range of realistic values of. the leg-huIl
stiffness, 3.9*10r kNm/rad to 9.6*10T kNm/rad, th.
change of the deck displacement is r.lativ.ly
smalle

b. Th. presence of any rotational restraint at the
spud can reducas the deck displacemants considera-
bly. Tha assumption of no restraint at all causes
a significant increase of the deck displacement.

In figure 2.22 tha deck displacement has been plotted as a
function of tha axial leg load, F4' for several values of the
rotational leg-soil stiffnass, kA. T~e horizontal laad at
lower guide level is 1000 kN. In figura 2.23 ths same has been
done for a numb~r of values of the rotational leg-huIl stiff-
ness~ The axial load at the vertlcal branches of the figures
represents the buckling load of the leg. The conclusions are
idantical to those stated abova.
The translational and rotational stiffness of
platform with ni l.gs are now given by (see

the complete
figure 2.24):

'J\.(

kTIt = r k (2.11)Le' C, '"{

"'t
k(QT = [ r· k (2.12)

it:' ~{ c L~

urhere:
kTIt = translational stiffn.ss of the platform
k lOT = rot ation als tift nes sof thap 1atf0 r m

k',~l = combined leg stiffness of leg i/..

~l = distance between leg i~ and.the gravity centre
of the platform

For the Russian platform with threa equal lags at an equal
distance, r, to the centre of gravity this reduces to:

k,.~ = 3k,

k2.0T a 3rk,

(2.13)
(2.14)
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Figure 2.24: Rotational stiffness
of the platform

2.6 DAMPING
Th. parameter damping stands tor the energy dissipation in a
vibrating dynamic system. It is often described by the damping
percentage, which is a percentage of the critical damping of a
structure. For the translational motion modes of the jack-up
platform the critical damping is defined as:

(2.15)

where:
~C~lr,u. = critical dampin; tor the translational mode of

the platform
k~~ = translational stiffness of the platform
MPy 111 = dynam ac dackma ss

The critical dampin; for rotation is ;iven by:

~'trr.(or= 2VkR.or / (2.16)
where:

, = critical damp in; for the rotational mode of
) U,T Lor· the platform
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k !tOT = rotational stiffness of tne platform

J = mass moment of inertia of tne platform
The total dampin; coefficient consists of three parts:

a. Soil dampin;
b. Structural dampin;
c. Hydrodynamic d~mping

ad a. Soil damping represants tne energy dissipation in
tne soil, mainly due to local plastic deformations.
It depends on soil conditions and spud can design
and will be desi;n- and site-dependent. According
to O.N.V., soil damping ranges from 0 % to 2 %.

ad b. Structural dampin; consists of energy dissipation
in the framework of the leg and dissipation in the
le;-hull connection. The latter will be governad by
tne displacements of the upper guides and ban ding
of tne ~hords facing the guides. It is estimated by
O.N.V. at 1 ~ to 3 %.

ad c. Hydrodynamic damping is ca~sed by fluid-structure
interaction and will consequently be depend.nt of
the dra; coefficients and sea state. It is 'deter-
mined during dynamic response analysis. O~N.V. sta-
tes values for hydrodynamic dampin; in the order of
2 % to 4 ~.

The damping values stated by O.N.V. apply to a jack-up similar
to the Russian platform ref.red to in this report. It is feIt
that-tha O.N.V. figures concernin; soil damping are on the
high sid •• Most ot the arguments tor the neglection of soil
restraint, as listed in paragrapn 2.3 apply to 50il damping as
well. Generally speaking, it is vary hard to obtain any relia-
bility of soil dampin; figures propos.d, and theretore in this
report all soil damping is neglected tor the computation of
the maximum platform response:

c = 0 %C,o 11.

As tne dampin; proper ties used in a dynamic analy~is of a
jack-up are, to a large extant,' governin; the magnitude ot the
response, particular consideration should be ;iven to evalua-
ting their intluence on the dynamic b.haviour. This is done by
pertorming the dynamic response analysis tor several values of
the structural and 50il damping, tog.ther ~enoted as c~ from
now on, in the tollowing range:
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e ~S = 0 ~ to 4 %

The case of cs~ = 0 ~ is of special interest,
comparison of several hydrodynamic conditions.

as it allows
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3 WAVE ~EPRESENTATION

3.1 INTROOUCT10N
The motions of a jack-up platform at sea are mainly caused by
waves and in order to allow the computation of these motions,
a mathematical description of the waves is needed. In this
chaptar the waves ara modalled in two ways.
In the first approach, the stochastic nature of the waves at
sea is ne~lected and the waves are assumed to ba sine-shaped,
with a constant wave haight and a constant periode This detar-
ministic wave model is not very realistic, as it implies a re-
gular sea surface. Howevar, it allows a mathematical descrip-
tion of several wave-induced phenomena, like fluid veloeities
and accelerations, pressure gradients and transport ot ener~y,
by maans of short wave theory.
In order to account for the irregularity o~ the sea surtace, a
stochastic wave model is introduced. In tnis model, the excur-
sion ot the sea surface is assumed to be a stochastic process
in time, with a Gaussian distribution. The freQuencY-dependent
varianee of the excursion of the water surface is described by
a wave spectrum. It is assumed that the sea state is stationa-
ry for a certain period of time and thus is represented by onerwave spectrum. The stochastic wave model is described in para-
~raph 3.3.
At saa, all waves have a different direction of propagation.
Compared to a one directional wave train, thi5 effect ~ill
cause a reduction ot the jack-up motions. In order to account
for the directional spreading ot the waves, a eosine-square
distribution is introduced in paragraph 3.4.

3.2 DETERMINISTIC WAVE MODEL
In the deterministie wave model, the waves are assumed to be
regular and their stoehastie nature is neglected. Several de-
terministic wave mo~els are kno~n, tor example:

a. Short wave thecry
b. Cnoidal theory
c. Stokes theory

Since short wave theory is the least eumbersome, it will be u-
sed in this study. Aeeording to this theory, the waves ara as-
sumed to be sine-shapad. Tha expressions tor ths wave-induced
fluid veloeitias and aecelerations, pressura gradients and wa-
ve energy ara relatively simple. Their derivation will not ba
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;iven here, only the expressions most oftan used in this re-
port:

~(t,X)
H

= sin(wt-kx)
2

~Ct,x,z) ~
= uCz) sinCwt-kx)

üCt,x,z) t:'
= uCz) lÁIcosC t-kx)

u(z)

where:

)(t,X)

t

x

Z·

H

W

T

k

L

(3.01)

(3.02)

C3.03)

Hw e e s h Ckz )= (3.04)
2 sinh(kd)

= excursion of the sea surf ace

= time

= horizontal coordinate
!

= vertical coordinate

= wave height

211
= T

= wave period

2n
=

L

= wave length
.uCt,x,z) = fluid velocity

ü(t,x,z) = fluid acceleratl.on

"û(z) = amplitude ot fluid velocity

d = water depth

For all of the above expressions, the orientation of the coor-
dinat. syst.m is shown in figure 3.1.The term kx describes the _
phase dif1er.nce betw ••n differ.nt locations of, for instance,
th. ~latform l.gs.It is l.ft out i1 only on. location is con-
sider.d, as is th. case for the one leg model.
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l

~t.X}
~ S.W.L.

~----:...._;;;;;"

d

z

x

Figure 3.1: Sinusoidal wave
The general expression for the wave length, l, is:

L = lotanhCkd)
gT "l.

(3.0S)

(3.06)
2n

where:
9 = gravity accelera~ion

For deep water, tanh(kd) = 1 and expression (3.05) reduces to
(3.06), which represents the deep water wave length. Oeep wa-
ter is assumed 1f the following condition is satisfi~d:

d
> 0.5 (3.07)

l

Substitution of:
t..9 = 9.81 mIs

yields the following approxima"t:ion of the deep water wave
length, in SI-units:

LIJ = 1.56 T 'L (3.08)
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In the next chapters, the expressions listed above will be u-
sed without turther derivation.
In this report some attention is given to the dynamic response
ot one leg due to aregular, sinusoidal wave. This method of
dynamic analysis, called deterministic analysis trom now on,
does not incorporate a description ot the irregularity ot the
saa surfaca, and therefore is rather unrealistic. Neverthe-
less, deterministic analysis is intoduced for the following
reasons:

a. It can easily be expanded to dynamic analysis
methods using wave spectra.

b. It provides a basis for the comparison of freQuency
domain and tim~ domain analysis.

c. It is a link to the current design methods, which
are used, for example, by D.N.V. These methods in-
volve regular waves as well.

For the purpose ot deterministic analysis, the wave heigh~ is
related to tha wave period by means of an average relation-
ship, as stated by D.N.V., in SI-units:

ot.(T-1)
H = (3.09)

34

According to D.N.V., the wave height is limited by the 100
year wave height, Hloo ' which may be taken as:

H100 = 32 m

The wave periods need not be examined above the following va-
lue:

T = 18 s

For the analysis of survival conditions, steep waves are of
particular interest, since thay will c~use savere pl~tform mo-
tions. Using the 100 year ~ave steepness, as defined by
O.N.V., the wave height is related to the wave period as fol-
lows:

(3.10)H =
2n
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=
, T > 6 s

1
, T ~ 6 5

7
(3.11)

1

'7 +0 • 9 3 ( T'1. - 36 ) IH 100

S = 100 year wave steepness
These relationships are shown in figure 3.2.
The ran;e of wave periods and wave hei;hts for the purpose of
determinist1c analysis has been derived from the 100 year wave
steepness criterion, since they will causa severe motions.
Th1s range is shown in tabla 3.1.

I Wave period CsJ I Wave height CmJ
-----------------------------------
1----------------- -----------------
I
I
I
I
I
I
I
I
I
I
I

8.00
9.00

10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00
18.00

12.79
15.22
17.62
19.95
22.18
24.28
26.27
28.12
29.84
31.44
32.00-----------------------------------

Tabl. 3.1: Range of regular
waves
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3.3 STOCHASTIC WAVE MODEL

3.3.1 General
For the stochastic wave model, the excursion of th~ sea surfa-
ce is assumed to be a Gaussian process in time. For a Gaussian
variable, x, the probability of occurence of a certain value
X, ·denoted as p(x~X) or pCX), is given by:

1 l.- (X- fc.l()
p(X) = exp{ ) (3.1.2)

«,V2i1 .20"' 2.
1(.

where:
p(X) = probability of occurence of value X
C1'l(. = standard deviation

fA.~ = mean value
Exprassion (3.1.2) is known as the distribution function of va-
riable x. The Gaussian distribution is shown in figura 3.3,
with the horizontal axis scaled by means of the standard devi-
ation. This sealing will be usad for all statistical plots in
t hi s rep o.rt •

The'probability of exceedance of value X, denoted as p(x)X) or
P(X), is ;iv.n by the following integral:

GIJ

P(X) = ) p(x)dx
X

(3.13)

This probability of exc.edance is represented by the shaded
part of figure 3.3.
Oue to the stochastic nature of the wave model, it
sible to define a maximum wave height. Instead of
wave height, and thus each design value of water
platform motions has a certain probability of

is not pos-
this, each
loads and

exceedance •

..
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FIS. 3.3: BAUSSIAH DlSiRl8UTIDH
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3.3.2 Wave spectrum
In the case of a stochastic wave model, the state of the sea
is represented by a wave spectrum, which describes the distri-
bution of ~ave en.r;y over a relevant freQuency interval. Ac-
tually, the spectral value is given in terms of variance of
the excursion of the sea surf ace per wave freQuency. This va-
riance parameter is related linearly to the wave energy.
Th. state of the sea is assume~ to be stationary for a certain
period of time. During this period, the total amount of ~ave
energy and its distribution over the freQuencies is constant,
and therefore such a stationary period is described by one set
of spectral parameters. A duration time generally accepted for
a stationary sea state, or rather a Quasi-stationary sea
state, is three hours. In this report, such a three hour sea
state will be refered to as the sea state, without further no-
tice.
The properties of a wave spectrum, and thus the properties of
the s~a state it is representing,can be characterized by means
of several parameters. In this report, the following parame-
ters are used:

a. The peak period, Tp
b. The signi ficant ~ave heic;ht, HSIG-

The significant wave height is approximately eQual to the ave-
rage of the upper third of all waves.· It is related to the a-
rea enclosed by the graph of the wave spectrum in the fol-
lowing way:

HSl" = 4~ (3.14)

lIJhere:
mo = area enclosed by the graph of the wave spectrum

This enclosed area is related proportionally to
wave energy, 50 the significant wave height is a
this energy.

the overall
measure for

There are s9veral empirical expressions
spectra , all applying to different sea

available
areas, for

for wave
example:

a. Pierson Moskowitz spectrum
b. JONSWAP spectrum

Both wava spectra are shown in figure 3.4 •
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Figure 3.4: Examplas of wavespectra

Por the tests of the numerical model, the Russian jack-up is
assumed to be located on tha Porties field. The North Sea ~ave
conditions, w~ich apply to ~his field, are wall described by
tha JCNSWAP spectrum, and ther~f~r3 this ty~e of spectrum will
be used in this study. Characterized by its significant wave.
haight and its peak period, the JQNSWAP spectrum is given by:

SCw) = CH 2-'Ic..
W -'1 I'exp{-1.2S(-) } ï»wp

(3.15)

where:
C = O.3125{1-0.287logCYo)}
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4
. -CW-""'p)

P = exp{ }
2 (Tl.w ,_

P

Hs,,, = significant wave hai;ht

Yo = peak enhancement factor

2n
w =

T

T = wave period
2n

Wp =
Tt'

Tp = peak period
fT = shape factor

Sinc. the significant wave height is directly related to
overall wave" enargy of the sea state considered, it is pos-
sible to compare spectra with the same overall wave energy
but different energy distributions, by choosing one sig-
nificant wave height and varying the peak periode

the

Th. average zero-crossing period of the spectrum, Ta, is
puted by means of the following expression:

com-

(3.16)

where:

C3.17)

3.3.3 Numerical approach
For the use of the wave spectrum in the dynamic response ana-
lysis, the wave frequency range consid3rad is dividad into a
number of intervals (see figure 3.5).

Each of the spectrum sections generated in this way, repre-
sents an amount of wave energy. Per section, i, this wave
energy, Ei' is equal to the area of the section:
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E' = S· A I;Y'.. t. t.
(3.18)

'.

L ~

~ , s'
" I
"1iii

IrI

) I bo........
I

S (w)

Figure 3.5: Oivision of wave
spect,.um into
sec ti ons

IUha,..:
S· = ave,.age spect,.al value of tha section
l

LlINi. = frequency interval
This energy is ,.elated to a sinusoidal wave with a f,.eQuency
equal to the cent,.e t,.eQuency ot the interval conside,.ad. The
su,.face excu,.sion due to this wave, ~l' is giv.n by:

~i.

H·
L sin(VVit) (3.19)=

2

whe,.e:

~i = su,.face excu,.siön
w· = cent,.. frequency of the spect,.um sectionl

t = time
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The wave height, Hi' is given ~y:
Hl. = 2V 2Sl~Wi' (3.20)

Now tha spectrum is repres.nted by a number of sinusoidal
v.s, ".ach with th.ir own wave height and freQuency. The
vidual fluid velocLties and ac~.lerations are found by
of the .xpressions from short wave theory listed in the
vious paragraph.

wa-
indi-
means
pre-

In the freQuency domain th~
is computed tor each of the
Af ter this, the results are
and motions. This procedure

dynamic response of the platform
sinusoidal waves mantioned above.
added to find the overall loads

is highlighted in chapter 6.
In a time domain analysis the sinusoidal waves are added, in
order to generate a wave train, and so are their fluid veloci-
ties and accelerations. This is the basis for the simulatiori
of the platform response for a number of time steps. Further
details of this m.thod ara given in chapter 7•

.
In order to obtain tru. irregularity of the wave train used
for time domain analysis, the following shoul'd ba noted. If
all freQuency intervals have the same size, and therefore the
frequeneies of the sinusoidal waves are equidistant , then the
wave pattern resulting from superposition of these waves will
have the following return period:

T = (3.21)
6W

where:
T = return period
D.W = freQueney interval

There are two ways of avoiding a repeating wave pattern during
the desired simulation time:

a. Using a return period longer than the desired simu-
lation time, in other words, making the constant
freQuency interval smal I enough.

b. Generating freQuency intervals with a random size.
In this study, the seeond method is used.
For arealistie description of the sea surfaee, the number of
freQuency intervals should not be taken to smalle This can be
cheeked by adding tha areas of all speetrum sections generated
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numerically and using the resultin; spectrum area to find the
significant wave height:

= Ltvr S·4 v.J.• L L
L:I

(3.22)

This result is compared to tn. original significant wave
hei;ht. If both values differ si;nificantly, this indicates
that the spectrum sections generated numerically do not repre-
sent the area of the wave spectrum accurately. This maans that
tne numbar of spectrum sections should ba increased.
For the range of spectra to ba examined a numbar of parameters
have been computed with the expressions presented above. The
frequency range was taken as:

w = 0 rad/s to 2 rad/s
Tnis range was divided into 70 sections of random size. Tha
result of this is shown in table 3.2.

----------------------------------------------------
Peak ISigni1i- I Test of I Zero- IActual number

period Icant wavelsignificantlcrossin;1 of spectrum
I height Iwave heightl period I sections

(sJ I CmJ I CmJ I CsJ I (-J---------------~------------------------------------8.0 6.0 5.95 I 6.68 I 56
8.5 7.0 6.95 I 7.04 I 57
9.0 8.0 7.96 I 7.41 J 57
9.5 9.0 8.96 I 7.78 I 58

10.0 10.0 9.97 I 8.15 I 59
10.5 11.0 10.98 I 8.52 I 59
11.0 12.0 ll.99 J 8.89 I 60
11.5 13.0 12.98 1 9.27 I 60
12.0 14.0 13.99 J 9.65 I 61----------------------------------------------------

Table 3.2: Spectrum computations
10r dasi;n sea states
of the Forties field

As can be seen from table 3.2, the ·difference between th3 ac-
tual significant wave heights and the test values computed nu-
merically is less than 1 ~,. It can be concluded that the nu-
merical reprentation of the wave spectra is sufficiently accu-
rate.
In order to save computer time in both analysis methods, the
spectrum sections with a resulting wave hei;ht less than 1 mm
are neglected. The remaining number of speçtrum sections is
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printed in the last column of tabla 3.2.

3.3.4 Verification
The wave train ganaratad for the purpose of time domain ana1y-
si~, can a1so be used to verify the numerical conversion of
thè wave spectrum in a number of sinusoidal waves. Sine. it is
assumed that the excursion of the water surface is a Gaussian
process, sampling of the water excursion in the wave train
that is generated numarically, and computation of the distri-
bution function should yield a Gaussian curve again. This has
been done for the two JONSWAP spectra with the following pro-
perties:

Tp = 10 5 , Ht; '6- = 10 m

and
Tp = 12 5 , H~'6- = 14 m

-The simulation time is 3600 s.
Tha histograms of both wave trains are shown in
and 3.7, together with the theoretical Gaussian
function. It can be seen that tha curves agree
which means that the numerical generation of the
yields realistic results.

figures 3.6
distribution
very weIl,
wave train
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FIS. 3.8: HISTDSRAM OF SURFACE EXCURSICN
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FIS. 3.7: HISTDGRAM OF SURFACE !XC'.JRSIDH
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3.4 OIRECTIONAL S?READING
The model of directional wave spreading, that is introduced in
this chapter, is based on the following assumptions:

a. There is a main wave direction, which is constant
during one sea state.

b. There is no transport of ~ave energy in the direc-
tion opposite to the main wave direction.

The second assumption indicates that all possible directions
ot wave propagation during one sea state 1ie within a semicir-
el. around the main wave direction as shown in figure 3.8.

o 0.04

Figure 3.8: Wave spreading factor
Tha wave energy of a certain saa state ~s distributed ovar
this semicircle by means of a dimensionlass wave spreading
factor, Oef). Although only littla empirical information is a-
vailable about the wave spreading factor, the following ex-
pression is of ten used:

2 2-
O'~> = ~ cos '4> '3.23)

tlhere:
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9 = wave direction with respect to the main wave
direct ion

OC;> = spreading factor
Tnis expression is known as tne eosine SQuare distribution and
will be used in this study. Tne main wave direction is repre-
sented by:

f = 0

According to its definition, the integral of oet) with respect
to + is eQual to unity:

+n/l.

)OCf)df = 1 C3.24)
-rq«

Oirectional wave spreading will only be accounted for
freQueney domain, and for this reason the'application
wave spreading factor is outlined in chapter 6.

in the
of the
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4 LOADS
4.1 INTRODUCTION
For the dynamic response analysis of a jack-up platform, there
are two rel~vant types of loading:

a. Payload
b. Environmental loads

Payload has already been accounted for in the previous
ter. This paragraph deals with the environmental loads,
are subdivided into:

chap-
which

b1. water loads
b2. wind loads

As far as the dynamic part of these loads is concerned, two
loading conditions are of special interest becausa of the re-
lativa heavy platform motions they will cause:

a. Survival condition. Platform motions are governed
by tha magnitude of the loads.

b. A concentration of loads with freQuencies around
the natural freQuency of the platform. Apart from
the magnitude of the loads, the motions ar~ strong-
ly influenced by the dynamic amplification, which
occurs in this freQuency range.

The next paragraph deals with water loads and special
tion is given to their computation. Wind leads are
discussed in paragraph 4.3.

atten-
briefly

4.2 WATER LOADS
4.2.1 General
The water loads on a jack-up are caused by:

a. Waves
b. Tidal current
c. Wind-driven current

The fluid vel~cities induced by a sinusoidal wave, are given
by short wave theory:
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. 1\

uw(t,z) = u\IOI'(z)sin(wt) (4.01)

1\ c.;vH cosh(kz)
ûw( z ) =- (4.02)

2 sinh(kd)
where: .uw(t,z) = amplitude of wave-induced fluid velocity

w = angular wave frequency

t = time
H = wave height

2n
k =

L

L = wave length

z = vertical coordinate
d = water depth

Accordin; to the O.N.V. Rules, the wind-driven current,
is taken as: UW1'

u"".Cz) =
z-do

VW10-, d
o

.(4.03)

V 110", 0 = 0.017v,o (4.04)

.. where:
= wind-driven current at still water level
= reference wind velocity at 10 m above still

watar level
= refarance dapth = 50 m

The tidal fluid velocity is assumed to have a ractangular pro-
file. Figure 4.1 shows tha prctiles of all fluid velocity pro-
files.
In the next section, it is shown that the I"elationship between
water loads and fluid veloeities is non-linaar. In order to
account for this, tne velocity pl"ofiles from figure 4.1 are
added before computing the watar loads. In order to obtain the
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z=o

d

uCzJc

Fi~u~a 4.1: Fluid velocity p~ofi-
les due to waves,
tide and wind

~elative velocity, st~uctu~e velocity is included as well. Cue
to thei~ diffe~ent sou~ces, the va~ious velocity co~ponents
~ill have diffe~ent di~ections, and the~efo~e they a~e added
as vecto~s. The ~esult of this is a ~elative velocity p~ofile
havin~ a time-dependent shap. and a time-dependent di~ection.
The p~oblems a~ising f~om this fo~ frequency domain analysis
a~e hand led in chapte~ 5.
The computation of the wate~ loads exe~tad by fluid accele~a-
tions is less cumbe~some, since these a~e only ~ave-induced.
In the next pa~ag~aph it is also found that thesa loads a~a
~elated to tha fluid accele~ations in a linea~ way, which
simplifies thei~ computation even furthe~.
Additionally, the magnitude of the water loads is influenced
by the folIo win; facto~s:

a. Tha dir eet ie'na1 sp~aadin9 of wave attaek on each
leg.

b. The diffe~ent phase of wave loads on eaeh leg.
c. Va~iation of the subme~ged po~tion of the legs.

The va~iation of the subme~ged po~tion of the 1eg3 will have
two effects:

cl. A va~iation of buoyancy. Fo~ a lattice leg buoyancy
is .not ve~y significant and its' va~iation is as-
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sumed to be negligible.

e2. A changing point of action of the watar loads. This
will causa asymetry cf the loading pattern during
one wave period, as is shown in figure 4.2. In time
domain analysis, tha watardepth is updated at eaeh
time step, 50 the ~imulat~on ineludes this effaet.
This is not the case for frequeney domain analysis.
Th. nature of this method does not allow the eompu-
tation of the watardepth variations.

S.W.l. .

p..--.-------

---~----------------~------------~-----z=o
Figure 4.2: Asymmetrical profiles

of wave-induced tluid
velocity

4.2.2 Morison equation
In this report, the w~ter loads on a jack-up platform are com-
puted by ~eans of tha Morison equation. This is an empirical
formula and its usa is restricted by certain conditions, which
will b~ discussed in this section. For a slender elgment =, a
structure, say the lattice leg of a jack-up, the Horison e-
quation is given by:

fCt,z) =
C~~O{~Ct,z)-~(t,z)}I~(t,z)-;(t,z)1

2

(4.05)

where:
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t(t,z) = water load per unit langth
Cp = dra; coefficient

(' = water density
0 = diameter of the member
.uCt,z) = fluid velocity •.x(t,z) = structure velocity

CA = added mass coefficient
A = cross-sectional area of tha member
üCt,z) = fluid acceleration
)(t,z) = structure acceleration

The first term on tne right of equ~tion (4.05) represents the
so-called dra; force, while the other terms describe the mass
forces. The third term covers the mass displaced by ih. struc-
ture considered, while the the second term describes the con-
tribution from the water mass which is excitated by the mo-
tions of the structure. The ratio of this so-called added mass
and the displaced water mass is given by the added mass coef-
ficient.
The Morison equation is only valid if the tollowing conditions
are satisfied:

a. Wave scattering ne;li;ib1e (diffraction = 100 ~).
This means that the structure 'does not disturbe the
flow pattern considerably.

b. Quasi-uniform flow. This condition can be under-
stood by lookin; at figure 4.3, which shows a tu-
bular element loaded by waves, at one point in
time. The wave loads are computed by means of the
Morison equation, usin; tha velocity protile at
cross-section A, but i1 the diameter cf the tube is
not small enough, this velocity profile will not
represent the fluid veloeities at cross-section S,
cr in other words, the flow pattern will not be
quasi uniform and thus the calculated forces will
not be correct.

The validity of the Morison equation can be checked by cons1-
dering a cilinder with radius r loaded by waves and comparin;
the wave loads found by means of Horison's equation with the
wave loads found by means of diffraction theory. From litera-
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r

----~--~----~--------z=o
Figur~ 4.3: Quasi-uniform flow

ture it was found that this comp3rison yields the
approximate limitation for the use of' Morison's

following
equation:

kr < 0.5 (4.06)

where:
2n

k =
L

L = wave length
r = radius of the element loaded

This expression represents both conditions stated above. To-
gether wi~h the deep water relationship between the wave pe-
riod, Tt and the wave length:

L = 1.56T (4.01)

this limitation can be written as:
T > 2.84 r (4.08)

As the leg is a lattica structure, this condition applies to
all separate members. The chords, which are the members with
the largest diameter, will cause the most stringent limita-
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tion. They have a radius in the following order of magnitude:
r z: 0.5

This yields the followin; limitation for the usa of Morison's
equation:

T > 2 5 (4.09)

At sea, no wave ener;y is to be expected below wave periods of
about 4 s. This means that wave scattering is ne;ligible for
all relevant wave periods. This conclusion is valid for most
jack-up platforms with lattice legs. In tne case of tubular
la;s, however, wave scatterin; could ba considerable and the
validity of Morison's equation should be examined carefully.
Before lookin; at the second condition, concernin; quasi-uni-
form flow, some attention is ~iven to the conversion of the
dra; and mass coefficients, as performed by Gusto =ngineerin~.

In order to obtain one dra; coefficient and one mass coeffi-
cient per leg, the coefficients of all members of the lattice
leg are used to find the wave loads for survival flow condi-
tions. The lattice Ie; is replaced by a tubular Ie;, of which
the overall drag coefficient and mass c03fficient are scaled"
by means of these survival flow conditions and wave loads. The

• diameter of th1s tubular leg is taken as the distance between
two chords of the original lattice leg and is called the equi-
valent leg diameter (see figure 4.4).
Since the introduction of the eqUivalent tubular leg implies
the substitution of equivalent leg diameter and cross-section
values, respectively 0 and A ,but the displaced water ma ss
has te remain unchanged, the third term on the right of the
Morison e~uation is multiplied by the conversion factor of the
added mass coefficient, c, which is given by:

AL
c = (4.10)

AT
wh~re:

At = cross-sectional area of the lattice leg

Ar = cross-sectional area of the equivalent tubular
leg

In this way the equivalent tubular leg will have an added- ~a-
ter mass aqual to that of the lattice leg. Af ter this opera-
tion, the lattice Ie; with separate drag and mass coefficients
for all members is replaced by the equivalent tubular lag with
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lattice
leg

tubular
leg

----+•.

Figure 4.4: Definition of equiva-
lent tubular leg'

only one set of coefficients. Th. Morison equation for the e-
Quivalent tubular leg becomes:

f(t,z)
CO, EG. ~ D EGt. <Ü (t, z) - xC tt z)} Iu( t t z)- xe t t z) I

=

'(4.11)

wh.re:

C" ..Q.•
= equivalent drag co.fficient
= water density
= equivalent leg diameter
= equivalent added mass coefficient

A~Q. = cross-sec ti on al area of the ~quivalent leg

e = conversion factor of the added mass coeffi-
ci.nt

The equivalent drag and added mass coefficients, Cp,EQ and
CA.~~ , and the conversion factor are listed in table 1 of ap-
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pendix 5, for twenty-four loading directions with intervals of
15 degrees. A5 the legs are of the lattice type, drag forces
will ba large compared to mass forces. Oue to leg geometry the
drag coefficient slightly depends on the direction of flow,
while the mass coetficient remains constant tor all direc-
tions.
Now the second condition tor- the usa of the Morison equation
is considered. A5 the fluid velocity profile which ~ill ba u-
sed tor the computation of the water loads, now applies to one
complete leg, the second condition tor the use of Morison's e-
Quation, concerning quasi-uniform flow, should apply to the
dimensions ot the complete leg, instead of one chord. ror this
reason, condition b. is written as:

kK < 0.5 (4.12)

where:

0E~= distance between two chords
Performin; the same computations ~s listed above, using:

yields:
T > 6 s (4.13)

As can be seen from this, the uniform flow condition is more
stringent than the wave scatterin; condition. This is typical
of lattice structures, as thay combine relatively large over-
all dimensiens with only minor disturbances of the flow pat-
terne Apart from the above limitations of Morison's equation,
which can ba raprasented by a mathematical expression, some
critical ramarks are made in a more general way about the use
of drag and mass coefficients:

a. Marine growth can influence the dra; co~fficient of
the lag substantially.

b. rhe overall drag and mass coefficients of the eQui-
valent leg are influenced by the hydrodynamic in-
teraction between the members of the lattice leg.
This interaction is dependent of ~ave frequency and
direction. At the convers ion of the lattice Ie; to
an equivalent tubular leg, this effect can only be
accounted tor in a very approximate waVe

c. Lift forces, acting in the direction normal to the
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direction of drag and mass tQ~ca$, are neglected.

In the next chapters, the Morison equation will ba used very
oftan. For reasons of convenience, the following substitutions
are made:

= (4.14)

Cl. = (4.15)

C' ,
4-

;'(t,z)
;"(t,z)

= cA EG..

= Û(t,z)-~(t,z)
= üCt,z)-x(t,z)

(4.16)

(4.17)

(4.18)

where:
CJ ,C';:tC~'= modified coefficients

= relativa velocity
.= relative acceleration

The Morison equation then becomes:
1(t,z) = C,;'(t,z)I~Ct,z)1

+ C;~(t,z) + C{'~(ttz) (4.19)

This expression will be used without further explanation.

4.3 WIND LOAOS
As a storm always precedes the high waves 1t is causing,
mum wind loads and maximum wave loads wil1 not coincide,
if the period of waves preceding thase high wavas is near
natural period of the platform, the combined effect of
and water loads could become important. In this study,
ver wind loads will not be examined.

maxi-
but
the

wind
howe-
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5 DYNAMIC RESPONSE ANALYSIS
5.1 INTRODUCTIDN
The main purpose of this study is a dynamic rasponse analysis
of jack-up platforms under realistic sea conditions. In order
to enlarge the understanding of the processes involved and to
allow a thorough development of computer programs, this goal
is achieved stepwise. The follo~ing cases will be studied:

a. Motions of one leg, due to a regular wave.
b. Motions of one leg, due to a ~ave spectrum.
c. Motions of the platform, due to a wave spectrum.

This way of working is not as cumbersome as it appears to be,
because each step incorporates tne procedures developed in the
previous steps.
This sequence is performed for two metnods of analysis:

a. Frequency domain analysis (see chapter 6).
b. Time domain analysis (see"chapter 1).

Both methods differ fundamentally, as is highlignted in the
next paragraph, but they apply to one and the same dynamic mo-
del, described in paragraph 4. The assumptions underlying the
dynamic analysis in general, are listed in paragraph 3, while
the way to handle directional wave spreading is outlined in
the last paragraph of tnis chapter.

5.2 FREQUENCY OCMAIN VERSUS TIME OOMAIN
As sta~ed before, frequency domain analysis and time domain a-
nalysis differ fundamentally. Time domain analysis is a nume-
rical simulation, which is thè most accurate method for the
following reasons:

a. Non-linear properties of the structure, due t, non-
linear springs or slack in the leg-huIl connection,
can be included.

b. Non-linear loads, like the drag force in Morison's
equation, can ba included.

c. The changing point of action of the
due to the varying immers ion of ~he
accounted for.

water
legs,

loads,
can be
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Time domain analysis allows the computation of transient state
response as well as steady state response.
The results can be used for statistical analysis of all time-
dependent, parameters. This yields statistical information,
lik. the probability of exceedanca of certain lead and motion
valu.s, which is indispensable for a jack-up design mathod
with a probabilistic nature.
In this report, an attempt will be made to find mathematical
expressions for the distribution functions of the water loads
and platform motions by means of simulations. Such a mathema- .
tical description of the statistics of the dynamic behaviour
would simplity the probabilistic design of a platform consida-
rably, since the probabilities of excaedance are then availab-
le tor all levels of loads and motions.
Th3 main disadvantag3 of time domain analysis is the large
consumption of computer time.
As opposed to this, frequency domain analysis, also known as
spectral analysis, requires much less computar time, but all
non-lineair effeets need to be linearized, whieh introduees
uneertainty about the aceuraey ot the methad. It is only ap-
plicable to steady state response an~ statistical analysis of
the results is not possible. On the other hand, the hydrodyna-
mie damping percentage is eomputed, which is not the ease in
time domain analysis.
One of the major advantages of frequeney domain analysis is
the easy aeeess to the spectral representation of water loads
of the water loads and platform motions, which offers very
elear information about frequency-characteristics of these pa-
rameters. Sinca loads and motions are eomputad tor a numbe~ ot
separate fraquency intervals befor~ the results are put to-
gether to yield the overall valuas, the fraqueney-dependent
information need.d for load and wave speetra is readily avai-
lable in the frequeney domain. This is also one of the reasons
for the usa of speetral analysis methods tor fatigue analysis,
whieh will not be diseussed in this report.
Tha time domain results, on the other hand, first have to ba
transformed in order te obtain load and motion spectra. Thi~
ean be done by means of a Fourier transformation, but this
method ean be quite eleborate, whieh maans even more consump-
tion of eomputer time.
With the same information used for the motion spectrum it is
possibl~ to eompute the freQuency-eharaeteristics of the dyn~-
mie system. tor this purpose, the so-ealled Dynamic Amplifiea-
tion Faetor (O.A.F.) is introdueed, whieh offers a dimension-
less representation of the frequeney eharaetaristies. lts
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exact definition is given in section 6.6.3.
The main advantages and disadvantages of time domain and fre-
quency analysis are listed in tabla 5.1.

Time domain
----------------------------------------------------Frequency domain1----------------------------------------------------

+ Inclusion of non-li-
nearitias

+ Computation of trans-
iant and steady state

+ Statistical analysis
I of loads and motions
I
I Large consumption of
.1 computer time

I + Diract spectral repre-
1 sentation
I
I
J
I
I
I
I
I
I
I
I
I
I,
I

+ Computation of hydro-
dynamic dam ping

- Linearization of all
non-linearitias

- Steady state computa-
tion only

----------------------------------------------------
Table 5.1: Fraquency domain

versus time domain
By starting with the analysis of one leg of the jack-up, a
numbar of complicating effects, caused by tha interaction be-
tween the legs of the platform, is ruled out. This allows an
accurate comparison of frequency domain analysis and time do-
main analysis. For the same purpose some computa~ions are ma-
de for one leg loaded by a regular wave, before introducing a
wave spectrum.

5.3 ASSUMPTIONS
In the previous chapters, a number of assumptions have baen
made concerning the structure and the environmental condi-
tions. Tha major assumptions, applying to all cases to be a-
nalysed, are listed below:

a. The bending forces of the leg are carried by the
chords. This allows the usa of Steiner's rule for
the computation of the bending stiffness of th.
leg.

b. Tha shaar forces of the leg are carried by the bra-
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ces.
c. Tha pontoon is rigid compared to the lags.
d. The axial deformation of the legs is' negligible.
s. Th. rotational stiffness of th. leg-hull can be re-

placed by a lin.ar spring ~onstant.
f. Th. rotational stiffness of the lag-soil can be re-

placed by a linear spring constant.
g. All moments and horizontal forces in the elevatin9

system are carried by the guides. This means that
the rack and pinion syst3m only car~ies.the pontoon
mass and the payload.

h. All legs c~rry an equal part of the pontoon mass
and the payload.

i. Fluctuations ot axial loading of the leg5, due to
deck motions, do not influence the overall respon-
se ot th. platform.

j. The leg motions ara quasi-stacic.
k. Spud can displacements are negligible.
1. Platform motions causa the legs to rota te about ho-

rizontal axes through th3 tips of the spud cans.
m. The spud can mass does not contribute to the dyna-

mic mass of the leg.
n. Thare is no bottom slope~
o. The excursion of the ~ater surface is a Gaussian

process in time, except for deterministic analysis.
p. Short ~ave theory is applicable.
q. Variation of buoyancy of the 1ags is ne91igible.

The assumptions and rastrictions, which apply only to specific
cases of dynamic analysis, will ba mentioned at the descrip-
tion of these cases.
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5.4 DYNAMIC MODEL
5.4.1 Gene~al

As highlighted in chapte~ 2.2, t~e jack-up platfo~m is ~ep~e-
sented by a th~ae-dag~ees-of-f~eedom system, which , unde~
ce~tain conditions, can be subdivided into th~.e independent
single-degree-of-treedom systems. As shown in figure 5.1, the
fi~st two motion modes a~e t~anslational and the third mode is
a rotation about a vertical axis through the 9~avity centre of
the platfo~m. The two translational modes a~. identical.

Figu~a 5.1: Oeg~ees ot freadom of
the jack-up platform

The complete th~ee-deg~ees-of-f~eedom system is handled in
chapt.~ 6 at the description of the frequency domain analysis
methode This pa~agraph deals with the sepa~ate single-degree-
of-f~eedom systems, which are all based on the dynamic model
of one leg, described in the next section. The ma in p~operties
of the sepa~ate motion modes of the complete platfo~m are dis-
cussed in sections 5.4.3 and 5.4.4.

5.4.2 One leg

As al~eady stated in pa~agraph 2.2, ve~tical t~ansl=tion and
rotation of the deck about a ve~tical axis are neglible in the
case of a multi-legged platto~m, if the amplitude 01 the late-
~al motions is small compa~ed to the .Tree leg langth. The one
leg model is int~oduced here with the purpose of providing a
basis tor the analysis of this type of platfo~ms, and the~e-
tore it is assumed that the vertical translation and the rota-
tion of the deck about a horizontal axis is negligible fo~ the
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one leg model as we11. The one leg model resulting from this
is shown in figure 5.2. The main parameters a~e:

MD = total deck mass

ni = number of legs of the platfo~m
1 - free leg 1ength
m· = leg mass per unit length

EI' = reduced bending stiffness of the leg, including
shear stiffness ot ths le;

k" = rotational leg-soil stitfn4ss

k~ = rotational leg-hull stiffness

Figure 5.2: One leg model

In cnaptar 2, these paramete~s have already baen combined to
the mass param3te~ and the stiftness parameter, which are used
in tne single-degree-ot-freedom system representinç the dyna-
mic one leg model (see tigure 5.3):

=- (5.01)
nl.

,= dynamic deck mass, ineluding eontributions f~om
the 18gs, but no added mass
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k, = combined leg stiffness

~x

kc
F{t} i Mol rzj

css

Figure 5.3: Oynamic model of one
leg

According to the theory of sing1e-degree-of-freedom systems,
the critical damping,· c ,is:

CCIZ.IT = 2~

The structural an4 soi1 damping is given by:

= ~c,~

100
(5.03)

where:
cs~ = structural and soil damping
)ÇS = structural and soi1 damping percentage

The general equation of motion is:
C5.04)

where:
xCi) = deck displacemant
.xCt) = deck velocity
xCt) = deck acceleration
F(t) = water load transfered to lower guide level

The natural period of ihe one leg model. Tl' is given by:
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<5.05)

All physical parameters have been transtered to lower gUide
level, except tor the water load and the hydrodynamic damping.
Both are aecounted tor by ,means ot the Morison equation, and
therefore their transference will be hand led simultaneously.
Por the equivalent tubular leg, which was introduced in sec-
tion 4.2.2, Morison's equation is given by:

f(t,z) = Cl ~(t,z) l~(t,z) I
+ C{r(t,z) + C{'ü<t,Z) (5.06)

where:
f(t,z) = water load per unit length

t = time
z = vertical coordinata
C. = moditied drag coetticient
C{,C~' = moditied inertia coetticiants
•r(t,z) = relative velocity
r(t,z) = relative acceleration
ü(t,z) = tluid accalaration

The 6lemantary water load on a leg segmant. dz is equal to
f(t,z)dz. Oue to the assumed quasi-statie behaviour of the
leg, the contribution of this elementary water load to the o-
verall water load at lower guide level, F(t,z), as shown in
figure 5.4, is given by:

F(t,z) = f(t,z)g(z)dz

where
z

g(z) =
1

1 = tree leg length

(5.07)

(5.08)

The overall water load transtered to lower guide level, F<t).
can be found by means of integration with respect to the ver-
tical coordinata, z:
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t
F(t) = ) f<t,z)g(z)dz

o
(5.09)

dzl x

Flt,z)

l

t(t,Z) g{z)

Figure 5.4: Transferance of water
load to lower guide
level

This indicates that the contribution of the water loads ,
f(t,z), to the overall water load , F(t), increases going up-
wards from the saa bottom to the water surface •

.In order to simplify the above integration, which incorporates
the Morison equation, the leg motions are expressed in terms
of the deck motions, by means of the dimensionless statie de-
flection of the leg. Since the leg motions are assumed to be
quasi-statie, they can ba expressed in terms of ·the deck mo-
tions by means of the dimensionless statie leg deflectior.,
h(z), as follows:

x(t,z) = h(z)x(t) (5.10)

where:

x(t,z) = leg motions

x(t) = deck motions

h(z) = dimensionless statie 199 deflection

This was already found in chapt~r 2. Now the structure mo-
tions, x<t,z) in the Morison equation are replaced by deck mo-
tions, x(t), or in other words, they are transfered to lower
guide level as wall. This means that the right hand side of
the general equation of motion is also written in terms of
deck motions:
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d.
F(t) = 5 cc, {ü(t,z)-h(z)~(t)}lû(t,z)-h(z)~(t)1

o
+ Ci{~(t,Z)-h(Z)x(t)} + C~'ü(t,z)J9(Z)dZ (5.11)

Thi5 overall water load also includes hydrodynamic dampi~g.

5.4.3 Platform translations

In order to simplify the expressions used in this saction, itis assumed that the water loads act in the direction of the
x-axis. As different loading directions are only considereed
in the frequency domain analysis, this item is handled in pa-
ragraph 6.5.

The dynamic model tor the two translational modes of the plat-
form is exactly the same as the one leg model. It can be re-
garded as a system of one leg models, which are connected at
lower guide level by the rigid pontoon. Oue to the quasi-sta-
tie leg behaviour, this system reduees to a single-degree-of-
freedom system, as shown in tigure 5.5,' with the following
equation of motion:

Mp'fNX·(t)+ cC;STIl. x(t) + kT,( x(t) = F(t), (5.12)
",here:

MD'N .= dynamic deek mass
cSs,r( = struetural and soil damping of translation
kT,( = translational platform stiffness

Fm

Css,tr

Figure 5~5: Cynamie model tor
platform translation

In chapter Z, the stiftness and dampin; properties for trans-
lation ot the Russian jaek-up platform, which is symmetrieal,
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were found by multiplying tne one leg values by tne number of
legs:

(5.13)

(5.14)

wnere:
nt = number of legs
kC = eombined leg stiffness
e~~ = struetural and soil damping

As a result of tnis, Tne natural period ot platform transla-
tions beeomes:

2"
TTR = .Vkn../Mp~N'

2n
= Vnlk,/n{M{

2n
= vi; /M.l'

TTR.. = TL (5.15)

'As to ba expeeted, tne natural period of tne platform transla-
tions , TT~' is equal to tne natural period of tne one leg mo-
del, TL.
Tna water loads on tne eomplete platform eannot be found by
simply multiplying tne water load on one leg with the number
of legs. Oue to tne pnasè diffarenee between wave loads on the
1egs, tne water loads on eaen leg must be eomputed separately,
bafore thay are added:

IV\l
F(t) = ,L F~F (t) (5.16)

L - I ~t-

where:
F(t) = IlIaterload on the eomplete platform

i.(. = leg number
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n~ = total number of legs

FL~ Ct) = water load on leg i.t

5.4.4 Platform rotation
The parameters of the single-degree-of-freedom system repre-
senting the rotational mode o~ the pl~tform are different from
those used for translation. The motions are not axpressed in
terms of displacement, but in terms of rotation about the ver-
tical axis through the gravity centra of the platform, as
shown in figure 5.6. The general eQuation of motion is given
by: .. .

J ,<t, l) + c~c,,I{Ol" f Ct,l) + k 'OT f <t, l) = T<t) <5.17)
where:

~Ct,l) = rotation of the deck.
'<t,l) = angular velo city of the deck..
tCt,l) = angular accaleration of the deck

J = mass moment of inertia
CSC,,/{07" = structural and soil damping of rotat~on
k~or .=·rotational stiffness of the deck
T<t) = moment due to water loads

, Tlt)

krot

Css,rot

Figure 5.6: Jynamic model for
platform rotation

The natural period o! rotation, T~OT' is given by:
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2n
T ~OT =

Vkl(or IJ'

Since th~ stiffness properties as well as and the structural
and soil damping proparties of the legs are assumed to be con-
stant for all directions, tha legs can be represented by
springs and dashpots as shown in figure 5.7, whicn is a top-
'view of the platform.

(5.18)

Figure 5.7: Struct~ral and soil
dampin~ of platform
,.otation

F,.om this figu,.e it can be seen that a rotation
causes a moment T:

of the deck

T

't\l
= Ir. 'l.k A,
. l D c 'I''e =1 t.

(5.19)

where:
= leg number
= total number of legs
= distance batween the leg and tha gr3vity centr9

of the platfo,.m

= combined leg stiffness
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The rotational stiffness of the platform is defined as:

T
k IZ.ClT = -

f
Substitution of (5.19) into C5.20) yields:

(5.21)

By considering the relationship between an externa1 moment and
the an;ular velocity of the deck, the structural and soi1 dam-
ping of rotation,cc;c;(or' is found in a similar way:,

""'l
e =Lr.l.c (5.22)c..~ , . L, sc:.",,...or te:1 .1.

where:
C~,~OT = structural and soil damping of rotation
cst, = structural and soil damping of one leg

In the same way, the hydrodynamic damping of the platform is
d.rived from the hydrodynamic damping of one l.g_ ConseQuent-
ly, t~e overall rotational damping can be found by first com-
puting the overall damping of one leg. This procedure is· used
in the computer program.
It shoul~ be noted that the dimensions of the
and stiffness parameters of the rotation model
from those used in the translation models.

mass, damping
are different

Tha moment on the platform dua to water loads is given by:
"'1

= r Fl,f (t)ri.~e~I 'i.. J..
T(t) (5.23)

where:
T(t) = moment on platform due to water loads
Ftl (t) = water load on one leg

Since exp~ession for the w~ter load on the leg incorporates
th. l.g motions, these must be derived from the deCK motions.
In the case of translational mot ion modes, thi5 can be done
directly by means of the dimensionless static deflection,
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h(z), which has alraady been included in the expres sion for
the water loads on one leg. For the rotational platform mode,
the platform rotations are tra~sformed to leg motions in x-
and y-direction, as shown in figure 5.8, by means of the 101-
lowing expressions:

(5.24)

(5.25)

where:
Xl.i Ct,ll = motion of leg il at lower guide level in

x-direction
Yi../.Ct,l)= motion of leg il at lower guide level in

y~direction

y

x

I
I
I I
t---t
x( t)

Figure 5.8: Convers ion of plat-
form rotation into
leg displacements

This approximation is valid for small angles of rotation.
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5.4.5 Leg sections

In tne numerical model, all integrals witn respect to the ver-
tical coordinate, z, are replaced by a discrete summation. For
tnis purpose, tne free leg lentn is divided into a number of
leg sections Csee figure 5.9). All section parameters are com-
puted by taking the average of tne values at the boundaries of
tn. leg section.

d

n+1
S~.L.

n

n-1

------~--~-----z=o
1

Figure 5.9: Numerical discretiza-
tion of the leg

are relatively
the platform,
downward from

Since the leg sections near the sea bottom
si;nificant for tne dynamic behaviour of
size of the leg sections incr~ases going
sea surface.

un-
tne
the

It should ba not.d that the leg section between the sea surfa-
ce and lower guide level nas no impact on the platform behavi-
our, except for its mass. This nas been accounted for.
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6 FREQUENCY OOMAlN
6.1 !NTROOUCTION
As stated before, the frequency domain analysis method is . de-
veloped for the complete three-degrees-of-freedom system. This
is done in order to allow ths analysis of assymetric platform
configura~ions. The numerical model is be capable of handli~g
deterministic as weIl as stoc~astic wave loads. The stochastic
wave model will be combined with currsnt. Apart from numerical
limitations, the fraquency domain analysis method can handle
a"y number of 19;s, including the one leg model, as the number
of le;s is an input parameter of the computer program.
Frequency domain analysis is based on the linearization of the
drag term in Morison's equation, by means of a linearization
coeffici.nt. For the case of a deterministic wave model, this
linearization coefficient is different from the one 'used for
the stochastic wave model. Paragraph 6.2 deals with both ex-
prassions for the linearization coefficient.
Basically, the solution of the equation of motion of the com-
plete three-degreas-of-freedom system is not different from
the solution of a one-degrea-of-freadom system. Howaver, as
the rewriting of the equation of motion, due to the lineariza-
tion of the wat.r load, is quite cumbarsome, the solution for
the one leg model will be presented first. This is do ne in pa-
ragraph 3 of thi$ chapter.

Paragraph 6.4 deals with the computation procedure for the
three-degrees-of-freedom-system. The mathematical baCkground
of the equation of motion is given in chapter 4 of the appen-
dix.
At the completion of the dynamic model for the separate motion
models, in chapter S, all water loads were assumed to act in
the x-direction. Sine. different loading dir.ctions and direc-
tional spreading of th~ waves are only considered for frequen-
cy domain analysis, these items are handled respectively in
paragraphs 5 and 7 of this chapter. The frequency domain iter-
ation for one loading direction is presented by means of a
flowchart in p:tragraph 6.6.

Ouring this study of jack-up dynamics, the computer program
Jacquelin has been developed for frequency domain computations
of the parameters discussed in this chapter. A complete lis-
ting of the inpu~ and output of this program is given in para-
grap;' 6.8.
Again, it is pointed out that frequency domain theory is not
valid for transient state computations, so all load and motion
parameters apply to the steady state.
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6.2 lINEARIZATIDN CDEFFICIENT
6.2.1 General
A more complete derivation ot the expression for the lineari-
zation coefficient is given in appendix 3. This paragraph
deals with the starting points and the results. Currant is on-
ly considered in the stochastic wave model.

The drag force per unit length on the equivalent
is given by: . .

fo(t,z) = C,r(t,z»)r(t,z)1
wh.re:

10(t,z) = drag force par unit langth

tubular lag

(6.01)

t = til1le
z = vertical coordinate
C, = modified drag coefficient·
.r(t,'z) = relativa valocity

Th. relative velocity is split into two components:
;(t,z) = v(z) + ;-(t,z) (6.02)

where:
v(z) = current
;-(t,z) = relative velocity dua to waves

As the de~ermistie wave model is only used as a basis 10r the
complete frequency domain analysis method, eurrent is not ac-
counted for in the computation of the deterministic lineariza-
tion coefficient. Tha stochastic coafficients, however, inclu-
de the influence of current.
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6.2.2 Oeterministic approach
For the deterministic case without current, the steady state
relative velocity consists of a harmonie platform velocity and
a harmonie fluid velocity. Since both components have the same
period, the relativa v910city can be written as:

1\

~(t,z) = r(z)sin(wt') (6.03)

where:
1\

~(z) = amplitude of the'relative velocity

= lAlt + IJ'
= an;ular wave frequency

= constant phase difference betw~en structure
and fluid motions .

Now the dra; force becomes:
(6.04)

where:

= sin(wt')lsin(~')1 (6.05)

This expression is linearized to:
(6.06)

whera:

= deterministic linearization coefficient
This linearization coefficient is found by developin; the dra;
force in a Fourier progressi~n. All eosine terms of this pro-
gres sion are zero, 50 only the sine components are left. Equa-
tion of first Fourier term of the dra; force and the lineari-
zed drag force from (6.06) yialds the detarministic lineariza-
tion coefficient:

8 t:-
re:) (6.07)

3n
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6.2.3 Stochastic approach
In the case of the stochastic wave model, the excursion of the
sea surf ace is assumad to be a Gaussian process in time, and
thus the fluid veloçity has a Gaussian distribution as weIl.
The dra; force is linearizad to:

(6.08)

where:

;'(t,z) = relative velocity due to waves

as(z),bç(z) = stochastic linearization coafficients

The linearization coefficients are found by minimizing the ex-
pectation value of the error, due to this linearization ot the
dra~ force. This yields:

• 2 •as(z)ECr'(t,z) J + bs(z)ECr'(t,z)J =
ECr'(t,z)r(t,z)lr(t,z)IJ (6.09)

•a~(z)ECr'(tjz)J + b~(z) =
• •ECr(t,z)lr(t,z)IJ (6.10)

Tha rasult is:

a ~(z)

1.
4 (T-i ' - v ( z )= ----axp{ }W 2 cri?-

v(z)
+ 4v(z)arf{----}

O""-i I
(6.11)

~
2 O'"i'v (z) + v Cz )= exp{ }
\j2n 2 o:-i ,"-

1. 2. y(z)
+ 2{v(z) +O'"i' }erf{----}

0"";"
(6.12)

where:

1
X. '1
( -y
tXP<-;-}dY
o

erf(x) =
(J. ,
1.

-= standard deviation of the relativa valocity
·due tQ waves

v(z) :.currant
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If there is no current, expressions (6.11) and (6.12) reduce
to:

a~Cz) =
4a:"1. (6.13)

(6.14)

6.3 ONE LEG MOOEl
In this paragraph, the application of the linearization coef-
ficients is demonstrated for the one leg model, a~ a prepara-
tion for tha complete three-degree-of-freedom-system. Tha
mathematic description to account for the phase differences
between the water loads on the legs is already introduced
here. Tha equation of motion for tha one leg model is given
by: .. .Mtx(t) + cse,xC'i:)+ kc x(t) = FCt) (6.15)

whera:
xCt) = deèk displacement
xCt) = deck velocity..x(t) = deck acceleration

= dynamic deck mass for one leg, including the
mass contribution from tha leg, but no added
water mass

Ct;G, = structural and soil damping
k~ = combined lag stiffness
F(t) = water load transfer.d to lower guide level

In section 5.4.2, an expression was found for the water load
on the one leg model shown in figura 6.1.
Using a sli~htly different notation, this expression bacomes:

FCt)
ti
S CCI ~(t,x,z)I;Ct,x,z)1=
o..

+ C~r(t,x,z) + C{'ü(t,x,z»)gCZ)dZ (6.16)

wh.re:
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Cl = modified drag coefficient

~x

kc

F(tl i Mol t:1
css

Figure 6.1: Oynamic one leg model

Ci' C{" = modified inert ia coefficients
r(t,x,z) = relative velocity
,. relativa accelerationr(t,x,z) =
ü(t,x,z) = fluid acceleration

z
gCz) = (6.17)

1

1 = free leg length
The wave induced fluid velocity and thus the relative velocity
are written as function of x, in order to allow the introduc-
tion of phase ditferences' between the water loads on the legs
in the analysis of the complete platform. The fluid velocity
and fluid acceleration, due to sinusoidal wave i, are given
by:

•ui('t,x,z)
ü Ct,x,z)

~= ui (z)sinCwit-ki x) (6.18)
"= û· CZ)(...V·cosCw·t-k· x)

l L L l
(6.19)

wher~:
ÛiCt,X,Z) = fluid velocity
ülCt,x,z) = fluid acceleration

= amplitude of fluid velocity
W'c. = angular wave frequency
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k·
(.

= wave number
Usinç trigonometry to re~rite these expressions and
cing the linearization coefficiant in the drag force
the water load, due to wave i, to ba split as follows:

introdu-
allows

'" "F~ (t) = Fe: + Fsi sin(Wi.t) + Fc.: cos(wi.t)
+ M,,;t( 1, t) + C ";"0 ~ (1, t ) <6.20)

where:
J

F· = ~ Clb(z)g(z)dz (6.21)~

Or)
J\ ){C

I
a(z)cos(kFC,L = x)

0
/\

+ Ctw~sin(ktx)}ui(z)g(z)dz (ó.22)
J..

J\ ){-C, a(z)sin(k.: x)F,,- =
0

.1\

+ C1.Wicos(k~x)}u, (z)g(z)dz (6.23)
J.

M" = .)C; h(z~9(z)dz <6.24)
g

~
c = ) Cla(z)h(z)g(z)dz (6.25).
""10

0

= added water ma ss
= hydrodynamic damping
= C" + C ....

1. 1

The first term on the right of sq~ation (6.20) is ths constant
part of ths water load, whila ths second and the third term
are the harmonic components of ths water load.
The last two term respectively reprasent the acceleration for-
ce due to the added water mass and the damping force due to
the hydrodynamic damping. They can be transfared to the left
side of the equation of motion, which thsn becomes:
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ME4 ~. ( t) + C EQ. ~ ( t ) + k, x ( t) =
1\F, + Fc;isin(Wi.'t) + Fc.icos(w~t) (6.26)

where:
(6.27)

<6.28)

Now tha Ieft side of equation (6.26) contains all deck mo-
tions, while all fluid motions are on the right side. Tha so-
lution of this equation is:

c 6.29),

F·t. (6.30)X'I. =

1\
x~i. (6.31)=

"x "c.~

(kc:: -M et:t w~1.)"1.. + C E.w_1.. Wi.1..

" 1. "-cEctwLFc.~+ (kc.-ME(Lw~ )Fc.i
( k 1. )1.. 1. 1-

c, -M Eet c.v, + C E.(L tAl ~

(6.32)::

These expressions complete the solution of the equation ot mo-
tion. As can be seen, the water loads de~end on the platform
motions, and there10re the correct values of motions and loads
can only be found by means ot an iteration procedure, which is
discussad in paragraph 6.6.

6.4 PLATFORM
Th. equation of motion of the complete platform anà the solu-
tion of this equation are both basad on the results trom the
previous paragraph. The three-da;rees-of-fr~edom model is
shown in figure 6.2.

The equation of motien ot this system is
given by:

.MX + ex + KX = F (6.33)

where:
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x<t) x(t) x<t)
•• yCt), X = ..

f<t)
X = y(t)

+<t)

•

•
,Ct)

•, X = yet)

x

Figure 6.2: Dynamic platform
model

"'II.~

MO'fN + [MA 0 0
'<;"1 ,tt

M +f M"M = 0 O·
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0 0 J
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~l ""1
[ Cx 0 - Lc v .

1.. l{ Lt:'i:t ,~t '~:I '

""L r e . x-C = 0 Ic. '1, l { . ,/,' ~ l t
'1=' L(-I

"'t 'Mi [ce
x

y;-[c 'I rc .x·
1- J+c

'I, i.{X;. 1.. lt."l "L 't::1 ~,ll Li i.~:, ,~!'t'(:1

"'L "".t
Lk 0 - rk v:. c. . 'l ..{
ti:1 /kt t{: 1

K = 0 Lk rkc; x
"Y\1

L{':I c i(~1 l ~

""..t t kc.CYi..('--Lk 'I' ?: k{.x'i +x. l. J
• ,- l i l!'t~, '.r' 'J..':' .

C I.{ = C + C
<;c, ,l. ( "''1°,'-L

MD"", = dynamic deck mass

M ft • .t = added Ulater mass per leg....
J = mass moment of inertia of ·the platform

it = leg number

n{ = tota1 number of legs

c\\è.l = structural and soi1 damping of one leg

c . = hydrodynamic damping of one leg
Jot'fO, ... t

kc = combined leg stiffness

Xl.! = x-coordinate of leg i{

yi..t = y-coordinate of leg i~
The load vector, Ft is computed by using the exprass~on found
tor the linearized Ulater loads on the one leg model. A~ain,
the linearized Ulater load due to Ulave i eonsists of one con-
stant term and two harmonic terms:

,. .
F = Fi ~ F~i.sin(wi 1:) + Fei cos(w~ t) (6.34)
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exp~essed in te~ms of the wata~ loads on the legs,
stant pa~t of the load vecto~ becomes:

the con-

F· =,

Ulhe~e:
F . -
J(. l l I, , 't.

= constant load in x-di~eetion on leg it
= constant load in y-di~ection on leg il

The exp~essions fo~ the amplitudes of the sine and eosine com-
ponents of the load veeto~, ~espeetively F and F ,are
identical. Using the index of the sine component, the exp~es-
sion fo~ these amplitudes is given oy:

whe~e:
"F '. = sine component ot the load in x-diraction on

lI. C,l li' . leg Ie
"F .- = sine component of the load in y-di~ection on'1,C,l,ll leg ie

In vector notation, the solution ct the equation ot motion be-
eomes:

(6.35)
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where:
F·
LX· =c.

K

CK-Mw·t)F. . + Cwt,;, Co,
X4~ =

CK-Mw·1)"1. + C~w·'__
c. ,

-Cw.;Ft;i 2-+ CK-Mw, )F~iX . =u
CK-Mw·'7.j"- C1. 1..+ w·~ L

6.5 LOADING DIRECTION

(6.36)

(6.37)

(6.38)

For loading direct10ns different trom the x-direction, a new
coodinate system with the axes xx and yy is introduced. As
shown in figure 6.3,·the xx-direction is equal to the main di-
rection of wave propagation, which was defined in paragraph
3.4. 'The two coordinate systems are linked by the angle of
wave propagation, f, of whicn the definition is shown in figu-
.re 6.3. Tne coordinate conversion is performred as follows:

xx = xcos(1) + YSin<?)
yy = xSin(f) - .ycos(q)

(6.39)

(6.40)

Figure 6.3: Conversion of coordi-
nate system
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Tha coordinata syst~m xx,yy is tha referanca for
and motions. All rasults will ba presanted with
this coordinate system.

all loads
respect to

For the dynamic response analysis of the platform, the mass,
stiffness and damp in; properties have to be related to the new
rafarence as weIl. By definition, tha dynamic deck mass is in-
dependent of the coordinate system. The gravity centre of the
platform is the ori;in of both coordinate syustems, 50 the
mass moment of inertia of the platform also remains unchanged.
Since it is assumed that the combined leg stiffness is con-
stant for all directions, it can easily be seen that the
stiffness properties of the platform are not affected by the
coordinate change. The expression for the rotational stiffnass
of thepI atf 0r m, kRoT' is val id f0raIl 10adin 9 dir eeti0ns:

'"'1
kRor= J_ ri 2. kc. (6.41)

'.t=. ~
where:

ktor = rotational stiffness of tne platform
k, = combined leg stiffness
r· = distance between leg il and the ;ravity centra
,{ of the platform '

This independence of the loading direction is 'also true for
structural and soil damping, b~t not for hydrodynamic damping,
which is computed usin; tha direction-dependent drag c09tfi-
cient. Therefore, the computed values ot hydrodynamic damping
refer to the loading direction considered, as is the case for
load and motion values.
It should be not.d that the added mass is also direction-de-
pendant, since th. addad mass coefficient is direction-depen-
d3nt. For this reason, the added mass and the natural periods
of the platform are computed separately for each loading di-
rection. Oue to the symmetry of the 1ags, this effect does not
occur at the ~ussian jack-up.
Seing wind driven, the direction of waves probably
with the direction of the wind-driven current. This

coincide
nead not

be the case for tidal current, which originates from a comple-
tely different source. I1 the directions of waves and current
do not coincide, the resulting horizontal fluid velocity will
have a direction varyin; in time. In the frequency domain this
problem is handled by splitting the current into a component
alon; the direction of wave propagation, xx, and ,a component
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orthogonal to this direction, yy. The linearization procedure
is carried out for both directions.

6.6 ITERATION PROCEDURE
6.6.1 General
Oue to the tact that the water loads and the hydrodynamic dam-
ping are dependent of the platform motions, the steady state
motions h~ve to be computed by means of an iteration procedu-
re, of which the general flowch~rt is shown in figure 6.4.
As stated in section 5.4.5, the integrals with respect to the
vertical coordinate, z, are replaced by summations in the nu-
marical model and for this purpose, the 1egs are divided into
sections. Oue to waves, the water depth is constantly chan-
ging. In the freQuency domain, th is effect cannot be included
and the division of the legs into sections is only carried out
once, at the start of the computations.
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Figure 6.4: Frequency domain

iteration flowchart
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This iteration process is continued until the computad ampli-
tude of the deck motions ramains constant.
In the naxt sections, some details of the numerical analysis
of several cases are highlighted.

6.6.2 Oeterministic analysis
In the case of a regular wave, the detarministic linearization
coefficient from section 6.2.2 is used, tor which the amplitu-
de of the relative velocity is needed. Per leg section this
amplitude is found in the following way:

'"r(z) = 1'\ .A ~ ..-:- 'l..(u~(Z)+h(Z)xxs) +(uc(z)+h(z)xxc) (6.42)

where:
"r(z) = relative velocity
A.u~Cz) = sine amplitude of 1luid velocity
A

û,Cz) = cosine amplitude 01 1luid velocity
~xxS = sine amplitude of deck velocity
~xx, = cosine amplitude of deck velocity
hez) = dimensionless static leg displacement

Af ter the iteration proces is completed, the amplitudes of the
deck displacament and the water loads, respectively xx and
F ,are computed by combining the sine and cosine components:

f\xx VI\.'L /\'1.'= xx~ +xx,

VA 1.. A. 1. '= F j(.( c, +F)()( c, ,

(6.4~)
r.
F (6.44)

6.6.3 Wave spectrum
As already outlined in chapter 3"the wave spectrum used for
tha stochastic description of the sea surface, is transformed
to a number of sinusoidal waves. In 1requency domsin analysis,
water loads and platform motions are computed for each of
these waves, while the linearization coefficiant and the hy-
drodynamic dampin; are computed for the complete spectru~.
This is also shown in the iteration flowchart (see figure
6.4).

The stochastic linearization coefficient contains the standard
deviation of the relative velocity, which is ;iven by:
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(J. (z) =
'"1"~

where:
(T. <z) = standard deviation of relative velocity
1.'~
i = number of wave
n = total number of waves
~
rd.<z) = relative velocity due to lIfavai

The expression for the relativa velocity due to wave i
dentical to the expression for the rel3tive velocity
case of a regular wave:

106

(6.45)

is i-
in the

(6.46)

At the end of the iteration procedure, the amplitudes of A the
dec k dis p1ace men t and wat e r 10ad, re spe ct ivel y f'x i. .and F"x. ~ ,
for each of the waves i represen'ting a spectrum section, àre
give'n by:

"xx~
"F ')(.( ,,

(6.47)

<6.48)

As a result of their stochastic nature, the overall deck mo-
tion and water load are representad by their standard devia-
tions:

~ A 7..Lxx. /2~
t :q

'ft

[" 1-F" ' /2i.:, A., L

whera:
~~A. = standard deviation of deck mot ion
~~ = standard deviation of water load

l(..<
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6.6.4 Dynamic Amplification Factor
In order to obtain a dimensionlass frequency characteristic of
the platform in the case of a wave spectrum, tha Oynamic Am-
plification Factor CO.A.F.) is introduced. The D.A.F. is defi-
nad as the ratio between the ~ynamic motion amplitude, xxL'
due to a load with amplitude Fl(.I(.~, and the statie deflection,
due to a statie load, F~,,, t of the same magnitude:

/\
xXi.k

O.A.F. = (6.51)

where:
k = stiffness for the motion mode considered

For a single_degree-of-freedom system, the O.A.F. is computed
by means of tha following expression:

1
O.A.F. = (6.52)v w:z.. w' '1.. \

(1-(--) )+4) (--). )
W"", IN~

where:
w = angular frequency

= natural frequency
= damping percentage

The D.A.F. has be3n plotted in figure 6.5 tor several damping
values.
Theoretically, the behaviour of the O.A.F. is as follows. It
the excitation frequency is very low, the platform motions are
quasi-statie and the C.A.F. is aqual to 1. For excitation fre-
quencies near tha natural frequancy of the platform, the mo-
tions become severe and the O.A.F. is much greater than 1. It
there is no damping, the O.A.F. has an asymptota at the natu-
ral frequency. For increasing values of the excitation fre-
quency, the O.A.~. asymptoti~ally reaches O. This is due to
the increasing influence of the platform inertia in the upper
frequency ranga~
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FIS. II.!I: DYNAMIC AMPLlFICATIDH FACTOR FOR SEYERAL. CAMPING VALUES
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6.7 DIRECTIONAL wAVE SPREADING
As already ~entioned in paragraph 3.4, the directional sprea-
ding ot the wave anergy is accounted for by means of a dimen-
sionless wave spreading factor, OCf):

2 1..
OC+) = - cos (1) C6.53)

n

where:
~ = wave direction with respect to the main wave

direct ion
OCf) = spreading factor

In trequency domain analysis, wave spreading is included by
means 01 the followin; procedure. First, a complete motion
computation is performed tor a number ot directions within the
semicircle around the main wave direction. In this study, the
directions are chosen at constant intervals ot lS degrees. The
resulting 13 directions are shown in tigure 6.6, together with
the va lues of the spreadin; factor.

o 0.04

Figure 6.6: Wave spreading factor
For .ach of the directions, the complete iteration procedure
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is performed, assuming that all waves propagata in the direc-
tion considered. Finally, the result of this operation con-
sists of 13 values of each of the following parameters:

xx(~)

GtÁ ,~)

FxJl.. (1)

"= mean deck displacement
= standard deviation of deck motion

= mean water load
~ (~) = standard deviation of water load

r.(.J. T
~ (~) = hydrodynamic damping percentage
)H'1f1,A1IC. 7

It should be noted that each of the 13 values of one of the a-
bove parameters belongs to a different wave direction, and all
of them refer to that direction.
The 13 values of a parameter are multiplied by the directional
spreading factor, before an integration with respect to q is
carried out. For parameter ?Cf), the value including the ef-
fect of directional wave spreading is now given by:

.. nI""
P" = ( )p(ti'hO'~)d1}-'"

-"'/2.
(6.54)

where:
P" = parameter value including directional wave sprea-

ding
In this general expression, the power n is determined by the
fact that ûC~) is related to the transport of wave energy, and
therefore shbuld be appliad to energy- or varianc.-related pa-
rameters, before performing the above integration. This means
tnat n = 2 for the standard deviations, in order to octain va-
riances, which are related linearly to energy. Oue to the li-
near relationship between damping values and damping energy,
the hydrodynamic dampin; values need not be squared and thus
n = 1.

At first sight, it may seem strange to account for directional
spreading in the case of mean valuas of deck motion and water
load, since they are governed by current, which shows no di-
rectional spreading. Nevertheless, as a result of the non-1i-
nearity of the drag force in Morison's ~quatian, th~ mean va-
lues are influenced by the waves and thu$ by the direction of
wave propagation.
In a general way, this is a physical justification for the in-
clusion of wave spreading in the computation of maan displace-
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ment and load values, in a general sence. However, the a~pli-
cation the energy spreading factor, O<q), in particular, is
not justified by this, since the mean displacement and water
load are not related to the transference of energy, as is the
case tor the other parameters listed ~bove. Oue to the lack of
empirical information about this subject, it is assumed that
n = 1 for the mean values.

6.8 COMPUTER PROGRAM JACQUELIN

6.8.1 General
The frequency domain theory discussed in th is chapter has been
implemented in the computer program Jacquelin (JACk-Up LINea-
rization method). The program is written in Fortran 77 and has
been tested on the Vax 11/750 from Oigital. It computes the
loads on and the motions of a jack-up platform in alevated
co~dition, due to waves and current. Hydrodynamic damping per-
centages are also computed. The platform legs must ba of the
lattice type.
The computer program has a number of options, concerning plat-
form configuration, deck elevation, sea states and currents.
They are best described by the listing of input variables, as
presented in the next section.

6.8.2 Input
All input variables of the computer program Jacquelin are lis-
ted in tabla 6.1.

/
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----------------------------------------------------
gravity acceleration

Cm/s1.J----------------------------------------------------1
pontoon
mass
CkgJ

leg mass per
unit length

Ckg/mJ
mass moment of iner-
tia ot the pontoon

Ckgmt.J----------------------------------------------------1
leg

length
CmJ

'free 'leg
length

CmJ
equivalant

leg diameter
CmJ

number of I
leg sections I

C-J 1----------------------------------------------------)rotational leg-
t bottom stiffn95s
I CNm/radJ

rotational leg-
hull stiffness

CNm/radJ

reduced leg
stitfness

CNm'1.J1----------------------------------------------------1
I structural and soil damping
I C%J I1----------------------------------------------------1
I number of legs I
I C-J1----------------------------------------------------I per" leg:
t --------------------------------------------------I' I x-c~or"dinate y-coordinate
I I CmJ CmJI I-------------------------------------------~------
I 24 valuas of
I ------------------------------------------------

equivalent drag
coefficient

C-J
equivalent masscoefficient

C-J----------------------------------------------------
water density

Ckg/m)J
water depth

CmJ----------------------------------------------------switch : 0 = regular wave
: 1 = JONSWAP spectrum----------------------------------------------------

number of spec-
trum sections

C-J
lower

boundary
Crad/sJ

upper
boundary
Crad/sJ

peak enhance-
mant factor

C-J----------------------------------------------------
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----------------------------------------------------
I (switch = 0, per regular wave:)
I
I
I
I,
I number of regular waves
I (-JI------------------------------------------~-------wave period

(sJ
wave height

Cml
main direction

c 0J----------------------------------------------------
(switch = 1, per spectrum:)
I number of spectra
I C-J1--------------------------------------------------
I peak
I period
I CsJ

significant
wave hei;ht

CmJ
main

direction
C 0J----------------------------------------------------tid al

current
Cm/sJ

direction
of tide

C oJ
wind speed at 10 m
above sea level

(m/sJ
wind

direction
( 0J

termination criterion
(-J'

Table 6.1: Input tor compüter
program Jacquelin

Most of the options are weIl described by tabla 6.1. In addi-
tion, tne followin; snould ba noted:

a. Tna origin of tne coordinate system, used tor tne
positionin; of tna 1ags, is defined as tne gravity
cantre of the legs. Consequently, an eccentric gra-
ty centre can be included by changin~ the coordina-
tes of the l89s.

b. ~pectrum sections with wave heights less than 1 mm
are neglected for tn. computation of tne platform
responsa and tne number of spectrum sactions is re-
duced accordingly. This is done in order to s~ve
computer time.

c. All loading directions must ba in iha range of
to 3450 , witn steps of 15° • Tha 24 vzlues of
drag and mass coafficients also apply to tnase
rections.

oei
tne
di-

d. Th. directions of wave propagation, tidal current
and wind-driven current are independent.
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a. The termination criterion is a relativa criterion.
In other words, the iteration procedure is moni-
tored by means of tha rel~tive difterancas between
two iteration loops. To ba more specific, this .mo-
nitoring consists of comparing the standard d9via-
tion of the deck displacement in the last two itar-
ation loops.

6.8.3 Output
The output of the computer program Jacquelin consists of all
input param~ters, the regular wave or sp9ctrum parameters and
the actual output parameters listed in tabla 6.3. Apart from
the input, the following parameters are computed per spectrum:

a. Tast wave height for the purpose of
numerical representation of tha

checking the
wave spectrum.

b. Number of spectrum sections with wave heights grea-
ter than 1 mme

c. Natural period of platform translation.
d. Natural period of platform r6tation.
e. Mean value of water load.
f. Standard deviation of water load.
g. Mean value of deck displacement.
h. Standard deviation ot deck displacement.
i. Hydrodynamic damping percentage.

The water loads, deck displacements and hydrodynamic damping
are computed for all three motion modes, with and without the
effect of directional wave spreading.
The computer program is capable of generating plots of the
frequency characteristics of the water loads snc the plat40rm
motions and of the dynamic amplification factor tor transla-
tions and rotations per loading directions. It should be notad
that these plots include the effect of non-linear interaction
between the frequency intervals, which is accounted for by
means of the linearization coefficient. The influence of hy-
drodynamic damping is included as weIl.
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7 TIME OOMAIN
7.1 INTRODUCTION
In time domain analysis, the platform responsa is simulated
numerically with a computer. Since the time consumption of nu-
merical simulations is very large, the following restrictions
are made for the time domain analysis method:

a. Only one translational mode of the platform is con-
sidered.

b. Oirectional spreading of the waves is neglected.
The method consists of solving the equation of mot ion tor anumber of time steps. This procedure is applic.ble to the
stochastic model as well as the deterministic model and is
briefly discussed in the next paragraph.
In the case of a stochastic model, the motion and load values
resulting from a time seri.es can ba transformad to statistic
distribution functions and probabilities ot axceedance, which
is of particular importance for the purpose of jack-up design.
The statistical procedures are discussed in paragraph 7.3.

During this study of jack-up dynamics, the computer program
Jacques has been developed for time domain analysis of the pa-
rameters discussed in this chapter. A listing of the input and
output of this program is given in paragraph 7.4.

7.2 GENERAL PROCEDU~E
Tha time domain analysis procedure will be outlined tor the
spectral representation of the sea state. In paragraph 5.4,
the equation of motion for platform translations was written
as:

+ Cc,t;,r/t
,eet) + F(t) (7.01)

wher'.:

MD~,.v = dynamic deck mass

c~l, t t: = structura1 and soi1 damping of translation,
krR = translational stiffness of the platform
x('t) = deck displacement
•x(t> = deck velocity
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..
x(t) = deck acceleration
F(t) = water load on the complete platform

For time domain computations it is more convenient to writa
the equation of motion as:

;;(t) = FCt)-c~c"l'lt
(7.02)

M 0'1JI/

The water load on the complete platform is found by summation
of the water loads per le~:

F(t) (7.03)

where:
i~ = leg number
n~ = total number of legs
Fi..{Ct) = water load on leg iL

The water load per leg
J

Fi.tCt) = ) CC,
()

is given by the Morison equation:

where:

Cl = modified drag coefficient
C" C .... = modified mass coe1'ficients1..' 1-

•ui.fCt,z) = 1luid veloci'ty at leg i(... fluidUL~ Ct,z) = acceleration at leg ie
h(z) = dimensionless leg deflection

For the purpose of simulating the platform response the requi-
red simulation time is divided into a number of time steps,
~t. For each time step, it, a number 01' computations is per-
formad. The numarical scheme of one time step will be discus-
s.d below.·
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As already mentioned in chapter 3, the wave spectrum is trans-
formed to a wave train by dividin; it into a number of sec-
tions, n, and superimposing the resulting sinusoidal waves
with a random phase angle~ For aach time step, it, the fluid
velocities and accelerations are found by a similar superposi-
tion of the individual fluid velocities and accelerations:

.
u' . (z)
't ''t

......::r-~. _ (z)
~:-I l,l.t,tt

(7.05)

:: (7.06)

where:
u', . (z) :: fluid velocity at leg ii dua to wave i~, te I t. t
Ûill~'i(Z) :: fluid ,velocity at leg i{
Üi.,~.(.,if (z) :: fluid acceleration at leg it. due to

wave i
Üill~f (z) :: fluid acceleration at leg if

The resulting fluid velocities and accelerations at aach
are substituted into the Morison equation, together with
deck displacement and velocity computed in the pr9vious
step, it-1:

leg
the

time

* lUit ,t f (Z)-h(Z)Xit_,
+.C~{Ü'l.(.~(Z)-h(Z)X'f_1 )
+ C;'~ 'LCz)JgCz)dz C7.07)

'1.,'..:;
Thi5 is done for all legs and addition of the results yi~lcs
tha overall water load:

"".I.--F' ::)_F' .tt tt~1 lf,tf
(7.08)

Substitution ot this water load and substitution of the deck
veloctity and acceleration from the previous time step into
the rewritten equation of motion yields:
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M 0'1/V

The deck velocity and displacement are found by maans of the
following expressions:

••
x''f (7.09)

• ••
x(.~ = Xii- + Xtt *At_,
x Lt = X· + X Lt *óttt- ,

(7.10)
(7.11)

Thi5 comp Le t es the .basic computations made at each tima step.
In order to gat an accurate approximation of physical reality,
the time steps should be smal I compared to the wave periods
and the natural periods of the platform. Several time staps
have been tested and .it was tound that there are no signifi-
cant chan~es of results for more than 20 time steps per regu-
lar wave period or 20 steps per zero-crossing period of a wave
spectrum. Therefore this is the ratio used tor all simula-
tions.

7.3 STATISTICAl ANAlYSIS
In the case of a stochastic wave model, it is impossible to
datine a maximum wave height. Instead of this, during one sea
state, each wave height has a probability of occurence, des-
eribed by the distribution function, and a probability of ex-
ceedance. The second paramèter will depend on the duration
time of the sea state.
For the purpose of structural design it is of graat importance
to define the probability of exceedance of certain stress and
strain levels. Therefore it is naeded to know the distribution
of these parameters and thus the distribution of the water
loads and the platform motions.
Since the distribution function of the excursion of the water
surface is assumed to be Gaussian, it is possible to predict
the distribution function of the water loads tor certain flow
regiT.es. For this prediction it is assumeo th3t the relatior.-
ship between the surface excursion and the fluid motions is
linear, or in other words, that short wave theory is a r~alis-
tic description of hydrodynamics at sea. Apart from minor er-
rors, this assumption is correct.

In the case of mass forces being dominant, the relationship
between water loads and surface excursion is linear, and thus
the water loads will have a G~ussian distribution, as shown in
figur. 7.1 •.
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FIS. 7.1: SAUSSlAH DIS'TRISUTICN
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If the d~ag fo~ces a~e dominant, the wate~
nal to the squa~ed su~face excursion. F~om
known that a variabie, p~opo~tional to a Gaussian va~iable,
will have an exponential dist~ibution function. Therefore,
this is the distribution to be expected fo~ the d~ag fo~ces.

loads a~e p~opotio-
statistics it is

The general expression for the exponential dist~ibution is:

p(X)
a IX-ft", I= ---exp{-a }

2~ «,
(7.12)

where:
p(X) = probability of occu~ence
a = shape factor
~~ = standa~d deviation

fA-J( = mean value
This dist~ibution has been plottad in figu~e 7.2 for values of
thes hap e fact 0 r, a, r-a ngin 9 f~0 m 1.0 t0 . 2.0 wit hst eps 0 t
0.1.
If drag and mass f er-ees are of the same o·~de~ of magnitude,
the distribution of the water loads cannot ba dascribed by a
theoretical expression.
Que to the influence of the non-linear hyd~odynamic damping,
the t~ansfer function between ~ate~ loads and platfo~m motions
is non-linea~ as weIl, and therefo~e it is not possible to
predict the statistical distribution of the platfo~m motions.
Tha results of a numerical simulation can be subdue to statis-
tical analysis very easily. In the time domain computer pro-
gram, the distribution func~ions and the probabilities of ex-
ceedance· are computed for the following pa~ameters:

a. Excu~sion of the wate~ surface
b. Mass fo~ce
e, D~ag force
d. Total water load
e. Deck displacement

The maan value and the standard deviation of each parameter
are computed from a time series by means of the following ex-
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FIS. 7.2: !XPCIEiTIAL DISTRIeUT:CH
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p~essions:

=--- (7.13)
nt

O-p = (7.14)

wha~e:

nt = total numba~ of time steps
if = time step conside~ed
p. = pa~amete~ consida~ed
't

JXp = mean value
(Jp = standa~d deviation

7.4 COMPUTER PROGRAM 'JACQUES
7.4.1 Gene~al
The time domain theo~y discussed in this chapte~.has been im-
plemented in the compute~ p~og~am Jacques (JACk-Up Simula-
tion). The prog~am is w~ittan in Fo~t~an 77 and has been tes-
ted on the Vax 11/750 from Digital. It computas the loads on
and the motions ot a jack-up platform in .levated condition,
due to waves. The platfo~m legs must ba of the lattice type.
The computer p~ogram has a number of options, concerning ~lat-
form configuration, deck elevation and sea states. They a~e
best desc~ibed by the listing of input variables, 3S presented
in the next section.

7.4.2 Input
All input variables of the computer pr09~am Jacques a~e listed
in tabla 7.1.
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I gravity acceleration
I Cm/s'2.J(----------------------------------------------------

pontoon
mass
(kg)

leg mass per
unit length

Ckg/mJ
mass moment of iner-
tia of the pontoon

(kgm1.JI--------------------------------------------------~-
I leg
I length
I CmJ

free leg
length

Cml
equivalent

lag diameter
CmJ

number of
leg s<3ctions

C-J
rotational leg-

bottom stiffness
CNm/radJ

rotational leg-
hull stiffness

CNm/radJ
reduced leg
stiffness

CNm1...J
structural and soil damping

C~J----------------------------------------------------
number of legs

C-)
/ ----------------------------------------------------

per leg:----------------------------------------~---------I x-coordinate
I Cm)

y-co'ordinate
CmJ1--------------------------------------------------

I 24 values of
I ------------------------------------------------

J I I equivalent drag equivalent mass
I I I coefficient coefficiant
I I I C-J C-JI-----------------~----------------------------------I water density water depth
I Ckg/m1J CmJ1----------------------------------------------------
I switch : 0 = regular wave
I : 1 = JONSWAP spectrumI----------------------------~-----------------------I. number of spec-
I trum sections
I C-J

lower upper
boundary
Crad/sJ

peak enhance-
ment factor

C-J
boundary
C,..ad/sJ
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----------------------------------------------------
(switch = 0, r9gular wave:)--------------------------------------------------

wave period
CsJ

wave neignt
CmJ

main direction
t: DJ----------------------------------------------------

(switch = 1, spectrum:)---~----------------------------------------------I paak
I period
I CsJ

significant
wave neight

CmJ

main
direction

C 0J~---------------------------------------------------
CsJ

number of time
steps per zero-
crossing period

C-J

estimated transient
time (in zero-

crossing periods)
C-J

simulation
time

----------------------------------------------------
Table 7.1: Input for computer

program JacQues
Most of the options are well dascribed by table 7.1. In addi-
tion, tne following should ba noted:

a. The origin of the coordinate system, used for the
positioning of the 1egs, is defined as the gravity
centre of the 18g5. Consequently, an eccantric gra-
ty centre can be included by changing the coordina-
tes of tne legs.

b. Spectrum sections with wave heights less than 1 mm
ara ignored for'the computation of the platform
response and the number of spectrum sections is re-
duced accordingly. .

c. All loading directions must ba in the range of
to 3450 , with steps of 15° • The 24 values of
drag and mass coefficients also apply to these
rections.

d. In order to obtain the statistical figuras applying
to the steady state motion only, it is possiele to
neglact an estimated transiant time tor the statis-
tic computations. Tha astimated transiant time is
maasured in zero crossing periods. This option is
built in to allow the comparision with the frequen-
cy results, which apply to the ~taady state motions
ot the platform.

e. Tha effect of tha changing water dapth due to the
waves is included in the computation of the profi-
les of the relativa velocity and the relativa ac-
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caleration. This means that complete structure ve-
locity profiles and fluid velocity and acceleration
profiles are computed at each time step.

7.4.3 Output
Th. o~tput of the computer program Jac~ues consists of all in-
put parameters, the regular wave or spectrum parameters and
the actual output parameters listed in table 6.3. Apart from
the input, the followin~ parameters are computed per spectrum:

a. Test wave height.
b. Number of spectrum sections with wave heights ~rea-

ter than 1 mme
c. Natural period of platform translation.
d. Standard deviation of ~ater load.
e. Maximum amplitude of water load.
f. Standard deviation of deck displacement.
g. Maximum amplitude of deck displacement.

Tne water loads, deck displacements and hydrodynamic damping
are computed for the translational mode, while the effect of
directional wave spreading is neglected.
The computer program is capable of generating
distribution function and the probabilities of
the following parameters:

plots of
exceedance

the
of

a. Excursion of water surf ace
b. Dra; force
c. Mass force
d. Total water load
e. ~eck displacement

All plotted parameters are present~d in a dimensionless torm.
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8 RESULTS ANO CONCLUSIONS
8.1 INTROCUCTION
In this chapter, the results from the dynamic response analy-
sis of the Russian jack-up plattorm, the Kolskaya, located at
the Forties tield" on the North Sea, ~ill ba discussed.
Th. results from time domain analysis of the three-Iegged
platform loaded by a JONSWAP spectrum are presented in the
next paragraph. This case will serve as a basis for several
comparisons made in this chapter and will be called the refa-
rence case for convenience.
The influence of structural and soil damping
water loads and motions as weIl as on their
examined in paragraph 8.3.

on the overall
distributions is

The one leg model is hand led in paragraph 4 ot
while the results of deterministic analysis
in paragraph 5.

this chapter,
are discussad

In paragraph 6 of this chapter, a comparison is made between
the results from freQuency domain analysis and time dQmain a-
nalysis. The freQuency domain res~lts for a stochastic sea
state are also used for plots of the O.A.F. and the freQuency
characteristies of loads and motions.
Paragraph 8.7 deals with the hydrodynamic damping percentages
computed in the tre~uency domain.
Several conclusions are drawn during the discussion of the re-
sults. A resume of these conclusions is given in paragraph
8.8.
It should be noted that the transient state response of the
platform, occuring during the 'transition' of one stationary
sea state to another, will not be examined. This is done tor
the following reasons:

a. The transient response of the platform will be in-
fluenced by the properties of both adjacent saa
states. As it is desirable to link c~rtain load and
motion values to one specific saa state, trom the
viewpoint of jack-up design, it is logical to exa-
mine the loads and motions during one stationary
sea state and to neglect the transient state.

b. Transient state response cannot be - computed by
- means of freQuency domain analysis, so there is no

basis tor checking time domain results.
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In time domain analysis, the start of a time series will al-
ways have a transient nature. By estimating the transient
time and neglecting the results from th1s period, the remai-
ning results will reflect the steady state. It was found that
a time interval of 20 average zero-crossing periods at the be-
ginning of a simulation is sufficient to cover the transient
time. This is the estimation of the transient time used for
all simulations. Consequentially, the estimated transient time
d.pends on the prop.rties of the waves, as is the case for the
time step used Csee paragraph 7.2).

8.2 REFERENCE CASE
8.2.1 Properties
The r.ference case for the discussion of the results obtained
by means of the computer programs Jacques and Jacquelin is the
three le;ged jack-up platform Kolskaya loaded by a JONSWAP
wave spectrum. The basic parameters of this reference case are
listad in table 8.1, while the values used for the numarical
discretization of the model are listed in tabla 8.2.

----------------------------------------------------
Pontoon mass
Mass moment of inartia
L~g mass per unit l.n;th
Total leg length
Free leg length
Equivalent leg diameter
Leg-soil stiffn.ss
Leg huil stiffness
Reduced lag stiffness
Structural and soil damping
Water depth
Water density
Peak .nhanc.ment factor
Lower sp.ctrum boundary
Upper sp.ctrum boundary
Main wave direction
Total simulation time
Estimated transient time

(in zero-crossin~ periods)

= 10610= 4.3*là6= 8= 140= 120
= 10.S0= 0= 8::HOt-
=·1.93*10~
= 0
= 95= 1024
= 3.3= 0
= 2= 0= 3600

I
I
I
I
I

m I
kNm/rad I
kNm/rad I
k Nm 1. I
% I

I
I
I
I
I
I
I
I
I----------------------------------------------------

tons
tonml.·
tons/m
m
m

m
kg/m'
rad/s
rad/s
d.grees
s

= 20

Table 8.1: ?roperties of
raterence case

The platform with the properties trom tabla S.1 has the fol-
lowin; natural geriods for translation, TT~' and for rotation,
T t.OT :
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Tn~ = 9.81 5

T = 7.10 stor
Again it is pointad out that time domain analysis is carried
out for one translational degree of freedom with neglection of
directional wave spreading

----------------------------------------------------Number of leg sections = 15
I Number of spectrum sections = 70
I Number of time step per zero-crossing period = 20----------------------------------------------------

Table 8.2: Num9rical descreti-
zation values

8.2.2 Results "

The results of three 1 hour simulations.are listed in I tabla
8.3. Looking at the standard deviation of the water loads and
of the deck displacement, it can be seen that the laads in-
crease with the increasing significant wave height, as to be
expected, but that there is hardly any difference between the
standard deviations of displacement of the last two cases.
This indicates the presence of a relatively large dynamic am-
plification at the second spectrum. Considering the natural
period of 9.81, it seems that the dynamic amplification is 90-
verned by the energy peak of the spectr.um rather than by its
average zero-crossing periode This is in agreement with the
sharp-peaked nature of the Jonswap spectrum used in this stu-
dy, but need not be the case for other types of wave spectra.
Tha item will be dealt with during the discussion of the fre-
quency domain results.

----------------------------------------------------
I peak I sign.1 zero-I water load I deck displ. I
Iperiodl wave Icross.I-------------------------------1
I Iheightlperiodl s.d. I max. I s.d. 1 max. I1----------------------------------------------------11 CsJ·1 CmJ 1 CmJ I CkNJ 1 CkNJ I Cm) I Cm) 11----------------------------------------------------1
I 8.0 I 6.0 1 6.68 I 66.7 1 473.4 I 0.101 1 0.248 J
J 10.0 J 10.0 J 8.15 I 174.1 11139.0 1 0.397 J 1.031 I
I 12.0 J 14.0 I 9.65 1 405.7 13789.3 I 0.409 I 1.253 I----------------------------------------------------

\

Table 8.3: Results of the
rat. rance case

The maximum water load and deck displacement, on the other
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hand, a~a gove~nad by the amount of ove~all spect~al ena~gy,
repres.nted by the significant wave height,_ rather than by dy-
namic amplification. This can ba explained by realizing that
the large waves causing these loads and motions will have pe-
riods much greater- than the natural period and thus will be
weIl outside the frequancy range affected by dynamic amplifi-
cation.
In table 8.4, the comparison of drag and mas! farces clearly
shows the dominanee of the drag forces, as to b~ expected Tor
legs of the lattice type. There is a trend of increasing drag
force dominanee for increasing wave periods. This is dU3 to
the fact that the flow regime approaches stationary flow for
increasing wave periods. For stationary flow, the fluid acce-
lerations, and thus the mass forces, are zero.

----------------------------------------------------
1 peak I sign.1 standard standard I ratio of I
Iperiodl wave 1 deviation d9viation 1 mass and I
1 Ih.ightlof drag forcelof mass forceldrag forcel1----------------------------------------------------1CsJ 1 CmJ 1 CkNJ CkNJ ctJ1----------------------------------------------------1
I 8.0 I 6.0 1
1 10.0 1 10.0 1
1 12.0 I 14.0 I

65.0
175.2
408.5

1,I
1

12.9
15.8
17.0

19.8
9.0
4.2.----------------------------------------------------

Table 8.4: Ratio of dra;
'and mass fo~ce

Tha histograms of the watar loads and tha deck displacements
in the retarence case are plotted in figures 8.1 to 8.6. Figu-
res 8.1 to 8.3 show the histo;rams of the watar loads. As al-
ready mentioned in parag~aph 7.3, the dist~ibution of the wa-
te~ loads should approximata an exponenti.l distribution, if
the dra; forces are dominant.
The exponential distribution best fitting th. wate~ lead his-
tograms is found' te be:

1.5 IX-f-tl(,1
p(X) = ---exp{-1.5------}

2 fTx (I"

C8.01)

wh~~e:
p(X) = probability cf, occu~ence
~x = standa~d deviatien
IAx = mean value
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FIG. 8.1: HISTOGRAM OF iHE TOTAL WATER LOAO ON iHE PLATFORM

1.00
TOTA!. DECC MASS • 11090 TONS
FR!! LES LENIiiH • 120 M
AEIlJCED LES STIFFNESS • 1. g3E9 KtI42
U:&-SOIL STIFFNESS • 0 Kftit/FWl
LEIHU.J.. STIFFNESS • 8 KNMIRAO
STAJCllRL AIIJ SDlL IWPIN& • 0 .l
IIATEROEPTH • 95 M
PElK PERIIlD • 8 S
SIGNIFICANT WAVEHElGHT • 6 M
SIMULATICN TIME • 3600 S

A
I \

I I 1\ I 1

I1 \ I
I

- ~ I

I \
V H

~

/ \
V \
f --

~

L ~

~

L ~

~.L
~ ~ ~r:=::::

rr1 :--.... cr--
.50 0 -1.50 0 -0.50 0 a.so 0 i.sa 0 2.50 o

0.90

0.80

0.70

0.60

0.50

0.40

0.30

....
I 0.20-
za..,
I-
::J
al..,
a:
I- 0.10en..,
c

0.00
-2

TOTAL WATER LOAO [-j

Copyright of GUSTO ENGINEERING CV whose property this document remains. No part thereof may be disclosed,
copied, duplicated, or in any other way made use of, except with approval of GUSTO ENGINEERING CV SCHIEDAM.



131
Oynamics of jack-up platforms

in elavated condition

FIG. 8.~ HISTOGRAM OF THE TOTAL WATER LaAD ON THE PLATFORM
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FIG. 8.3: HISTOGRAM OF THE TOTAL WATER LCAD ON THE PLATFORM
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This distribution has been plotted in the load histograms and
it can be seen that there is a very good fit. This is as tO be
expected, since the water load is drag force dominated.
Comparison ·of tigures 8.1 to 8.3 reveals a waak trend of in-
creasing asymmetry for an increasing significant wave height.
This can be explained by eonsidering the effect of the chan-
ging ~at.r depth during on. wave period, as daseribed in sec-
tion 4~2.1. Th. maximum wave load in the positive direction,
occuring 'under' the wave erest, will be greater than the
maximum load in the negative direction, occuring 'under' the
wave trough. This effect will increasa tor an increasing si9-
niticant wave height, causing the asymmetry of the load histo-
;rams.
Figures 8.4 to 8.6 show tha deck dis~lac.ment histograms of
the ref.rence case. Although no mathematical distribution cur-
ve was predicted tor the deck displacement, tha histograms
showastrong resemblance to the Gaussian curve, which has al-
50 been plotted in figures 8.4 tO 8.6. It is not quite under-
stood how the exponential distribution of the wat9r load yieds
a Gaussian distribution of the deck displacement. One possible
theory will ba presented below in a general, qualitative waVe
The deck displacement at one point in time, Ot, is not only de-
tarmined by the water load at time ot, but by the loading his-
tory of a time interval previous to t, called 6t. It this
loading history is thOught to ba split into a number ot moman-
tary water loads, each of this momentary loads will contribu~a
to the deck displacement at time t. The relativa importance of
these con~ributions is ;overned by the ·following two items:

a. Tha time interval between the momentary
the deck displacement considered. Going
in time trom t, tha intluence ot tha
loads on the deck displacement at time ~
erease.

load and
backwzrds
momentary
will de-

b. The periods of the w.ves causing th. momentary
loads. The frequency characteristics ot the strue-
ture will determine the transfer of loads t~ mo-
tions.

If the correlation between the various momentary water loads
in the interval is low, the deek displaeement at time t will
be a summation of low correlated displacement eomponents. From
statistics it is known that a summation of a large number ot
stochastically independent distributions yields a Gaussian
distribution. 1f the components of the _ deck displacement at
time t, caused by the momentary loads in the time interval ~t,
could be assumed to be stochastieally independent. this would
explain the approximate Gaussian distribution observed tor the
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FIG. 8.4: HISTOGRAM CF THE CECK DISPLACEMENT CF THE PLATFORM
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FIS. 8.!5: HISTDGRAM OP' THE DEC< CISPL.ACEMENT CF THE PLATFDfU4
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FIS. 8.B: HISTOGRAM CF THE DEC< DISPLACEMENT OF THE PLATFORM
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deck di~placement.
This theory yields two direct consequences:

a. For a deterministic sea state, the wave loads at
all points in time are fully correlated and their
distribution is uniform, with a rectangular profi-
le. As a result of this, their contributions to the
deck displacement are fully correlated as well~ and
th US the distribution of the deck displacement wi1l
not be Gaussian. Instead of this, for a linear
transfer between loads and motioris, this distribu-
tion will a1so be uniform. For a stochastic sea
state, this extreme case will be approached if the
platform response has a narrow-banded frequency
characteristic. The correlation of the deck displa-
cement components contributions will not be small
enough to yield a Gaussian distribution and the
deck displacement histogram will move towards the
uniform distribution function found for a determi-
nistic wave load. A narrow-bandad response can be
induced by a narrow-banded load spectrum or a wide-
banded .load spectrum filtered by a sharp-peaked
transfer function.

b. An increasing length of the time interval influen-
cing the deck displacement at time t allows this
interval to contain more low correlated momentary
loads and thus yields a more accurate reproduction
of the Gaus~ian curve for the deck displacement.
1f the time interval is too short to contain virtu-
ally uncorrelated momentary loads, the deck displa-
cement at time t is governed by the momentary load
at time t. In the case of a linear transfer betwaen
the water 10ad and the deck displacement, a expo-
nential load distribution will yield an exponential
distribution of the deck displacement.,

1t should ba noted that the validity of this theory depends onthe corre1ation of the momentary loads in a certain time in-
terval, but not on t!,a actual distribution of these momentary
loads. ïhis means that a Gaussian distribution of the deck
displacement is predicted for drag force dominance as well as
mass force dominanca.
The best fit of the Gaussian curve is found for the 12 s spec-
trum. The other two histograms show a trend towards the rec-
tangular distribution ·mentioned above, which could indicate a
narrow-banded response for the 8 5 and 10 5 wave spectra. An
effort to confirm this wil1 be made at the discussion of the
frequency characteristics obtained from frequency domain ana-
lysis.
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8.3 STRUCTURAL ANO SOIL OAMPING
In the rafaranca case, the structu~al and soil damping percen-
tage is aqual to o. In this paragraph the influence of struc-
tural and 50il damping will be examined for the 12 s wave
spectrum. The dampin; percentages considered are 0, 1 and 2 ~.
Higher structural and soil damping values are not includad,
sinee the physical relevance of these va lues is dabatable. A-
part from this, they do not enlarge the fundamental understan-
ding of the effects involvad.
Tabla 8.5 shows the influence of structural and soil damp!ng.
Theoretically, tha water loads ara virtually independent of
this damping, since a load reduction due to an increase of
damping can only ba caused by a reduction of the platform mo-
tion component of the relativa velocity and this component
will be relatively smal 1 compared to the fluid velocity. This
theory is confirmed by the results listed in table 8.5.

Istruct. 1 peak I sign.1 water load I deck displ. I
land soillperiodl wave I~----------------------------IIdamping I Iheightl s.d. 1 max. I s.d. 1 max. 11----------------------------------------------------1

c~J. Cs) 1 Cm) lek N J lek N J 1 Cm J lCm JI--------~-------------------------------------------I0.0 1 12.0 I 14.0 I 405.7 13789.3 10.409 11.253 I
1.0 I 12.0 1 14.0 I 400.9 13698.2 10.346 11.166 1
2.0 I 12.0 I 14.0 I 398.3 13637.5 10.309 11.108 1-----------------------~----------------------------

Tabla 8.5: Influence of structu-
ral and soil damping

From the theo~y of dynamics it is known that the influence of
damping on the response of a system is rastricted to tha exci-
tation periods near the natural periode The relatively modera-
te motion reductions from tabla 8.5 indicate that this influ-
ence of damping is not very strong in the esse of the 12 s
wave spectrum, in partieular for the .maximum deck disp13ce-
ment. Again, it is coneluded that t.he dynamic amplification is
governed by the spectral energy peak rather than the zero-
crossing period and that the large waves causing the maximum
deck displacement are outside the a~plification range.
Figures 8.7 and 8.8 show the load histogra~s for 1 and 2 t
damping. Th. good 'fit of the exponential distribution confirms
the independency of the damping stated above. Again, the his~
tograms are slightly asymet~ical due to the effect of changing
waterdepth on the water loads.
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FIS. 8.7: HISTD&RAM OF THe TOTA!. MATER LDAD OH THE PLATJI'tH4
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With respect to the deck displacement, the following remark is
made. For increasing damping percentages, the momentary con-
tributions to the deck displacement, t, will damp out 1aster,
and thus the length of the in1luencing time interval, At, will
deerease. ~ccording to the ~heory trom the previous paragraph,
this decrease should yield deck displacement histograms with
an increasing deviation trem the Gaussian curve.
In 1i;ures 8.9 and 8.10, showing the deck displacement histo-

.grams for 1 and 2 ~ structural and soil damping, a slight de-
viation is observed indeed. It should be noted that these his-
tograms see~ to move towards an exponential distributien,
which would indicate a nearly-linear transfer or water loads
to deck displacement, i1 the theory presented above is cor-
rect.
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,..18. 1.9: HISTOSRAM OP' THI! DECK DISPLACa4ENT OP' THE PL.ATFCF14
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8.4 QNE L:G MODEL
In this paragraph, the reference case will be compared to a
one leg medel with a total deck mass aqual to one third of the
total deck mass ot the three-leggod platform, in order to ob-
tain identical dynamic characteristics Tor both models. This
öllows the examination ot the load reduction in the multi-leg-
gsd case dua to phasa ditterences between the lags.
If these phase differences are neglected, the water load on
the three-legged platform will exactly be three times the load
on the one leg model and the response of both models will be
identical, but in reality, the phase differences between the
lags causa a load reduction and conseQuentially the platform
response will always be ,less than the one leg response.
Tabla 8.6 shows the results tor the one leg model. As in
reference case, the motions are relatively severe for the
wave spectrum. This could be expected since both models
the same dynamic characteristics.

the
10 s
have

I peak I sign.1 zero-I water load 1 deck displ. I
periodl wave Icross.~-------------------------------~

Ihei~htlperiodl s.d. 1 max. 1 s.d. J max. 1----------------------------------------------------1CsJ 1 Cml I Cml 1 CkNJ 1 CkNl J Cml I Cml J

One leg
8.0 1 6.0 I 6.68 1 38.6 I 302.3 I 0.165 I 0.415

10.0 1 10.0 1 8.15 I 89.0 I 613.7 I 0.655 I 1.626
12.0 1 14.0 1 9.65 1 182.2 11618.7 1 0.642 1 1.927

Platform

8.0 1 6.0 1 6.68 I 66.7 I 473.4 1 0.101 I 0.248
10.0 I 10.0 I 8.15 I 174.1 11133.0 1 0.397 I 1.031
12.0 I 14.0 1 9.65 I 405.7 13789.3 I 0.409 I 1.253

Tabla 8.6":Rasults f o r- th3 cne
leg model

!t can be seen that, according to the theory prasented above,
tha motions of the one leg model ara more severe, while the
loads are significantly greater than o~e third of the water
load on the three-legged platform. This indicates important
load and motion reductions due to the phasa differences oe-
tween the lags.
In tabla 8.7, the standard deviations of the loads and motions
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cf both cases are compared. The following comarisons are made:
a. The deck displacement of the platform versus the

deck displacement of the platform •.

b. The water load on the platform versus three times
the water load on the one Ie; model.

As can be saen, the reduction of loads as weIl as motions in
the range trom 25 ~ to 40 t, which is quite significant. Th.
load reduction decreases tor increasing peak periods and the
reduction of the deck di.placement shows the same trend, ex-
cept tor the 10 s spectrum. This is probably due to the fact
that the wave periods 'affected' by dynamic amplification,
which was found to govern the motions for the 10 s spectrum,
are also 'affected' by the phase differences between the lags.
Tharefore a reduction of the water loads caused by th is spec-
trum has an enhanced effect on the deck displacement.

----------------------------------------------------
1 peak 1 sign.1 zero-I reduction due to phase dit-
Iperiodl wave Icross.1 ferences between the legs I
I Iheightlpariodl-------------------------------I
I I I I water load I deck displ. I
I-----------------------------------~----------------I
I CsJ I CmJ I CmJ I C%J I C%J I1----------------------------------------------------1
I 8.0 I 6.0 I 6.68 I
I 1 0 •0 I 1 0 •0 I 8. 1.5 I
I 12.0 I 14.0 I 9.65 I

42.4
34.8
25.8

38.8
39.4
26-.3----------------------------------------------------

Table 8.7: Reduction of loads
and motions due to
phase differences
between the legs

In the referenca wave direction, which is parallel to the
x-axis of the platform fixed coordinate system, the wave
crests hit the tirst two legs simultaneously, while they have
to tra vel 57.8 Metres in this direction to reach the 'third.
For a re;ular wave, the maximum l02d raduction occurs if the
wave langth is equ~l to 2 * 51.9 ~ 115.6 m. According tó short
wave theory, the correspcndin~ wave pariod is 8.61 s. These
figures will depend on the loadin~ direction.
If this is compared to the p~rameters ot tha wave spectra, it
can be concluded that reductions due to phase differences are
related to the peak period rather than the zero-crossing pe-
riod. This is the same conclusion drawn fo~ the dynamic ampli-
fication.

Copyright of GUSTO ENGINEERING CV whose property this document remains. No part thereof may be disclosed.
copied, duplicated, or in any other way made use 'of, except .with approval of GUSTO ENGINEERING CV SCHIEDAM.



146
Dynamics ot jack-up pla~forms

in elevated condi~ion

The above conclusion supports the explanation for the high re-
duction et the deck displacement in the case, of the 10 s wave
spectrum, since the peak period of this spectrum is relatively
near the pariod of the regular wave subdue to maximum load re-
duction.
The examination of the phase diffarencas betwean the 139S
yields the impor~ant conclusion that the motions and loads due
to a certain sea state can be influenced by the choice of the
platform g30metry.
The histograms of tha loads and metion have been plotted in
tigures 8.11 to 8.16. The difterences with tha plots made tor
tha referance case are only marginal, as to be expected, since
the dynamic properties do not differ fundamentally. For in-
creasing peak periods there seems to be a tendency towards
more peaked load distributions for the one leg model, but no
explanation could be tound tor this. All other trends coincide
with those observed tor the three-Iaggad platform.
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FIG. a.i~ HISTOGRAM OF THE WATER LaAD ON THE ONE LES MODEL
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FIG. 8.13: HISTOGRAM OF THE WATER LOAD ON THE ONE LEG MODEL
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FIS. 8. 14: HISTOGRAM OF THE CEK DISPLACEMENT OF THE DNE LEG MCDEL
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FIG. 8. 1!5: HISTOGRAM OF THE CECK OISPLACEMENT OF THE ONE LEG MODEL
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FIG. 8.18: HISTOGRAM CF THE CECK CISPLACEMENT OF THE ONE LEB MCCEl.

1.00
mAL DED<NASI - U090 TH
fR!E LEI LEHS1H • 120 M
fEIlC!D LES ITIPFH!liI • i. S3U lOIC2
LEHQlL STIFfN!SS - 0 ICNC/RAD
LEIHII.L STIfPN!SS • • JafIND
S'lJIJC'T\JW. ANl SUIL IWFIN& • 0 I
lATER DEFrH • ss IC
P!AK PERlDD • i2 S
Sl&NlFlCANT WAVE HElSHT • i" IC
SIMULATIDH TIME • 3800 S

I
.

V -- ...........
10- <,

cl f\- PI.v- CS
.~ K

_.J. 1\
V \

b,L ~

/ ~

V ~ i":~
~ ~

.500 -i.SO 0 -0.50 0 e.se 0 1.1500 2.S0 0

0.90

0.80

0.70

0.60

O.!!O

0.40

0.30

I 0.20
%
Q...
i...
~ 0.10...
a

0.00
-2

DECK DISPUCEMENT [-]

Copyright of GUSTO ENGINEERING CV whose property th is document remains. No part thereof may be disclosed,
copied, duplicated, or in any other way made use of, except with approval of GUSTO ENGINEERINGCV SCHIEDAM.



GUSTO
ENGINEERING

153
Oynamics of jack-up platforms

in elevated condition

8.5 OETERMINISTIC ANALYSIS
In this paragraph, the results from deterministic an~lysis
will be presented. This type of analysis is applied to the
three-legged platform Kolskaya and the one leg model, both as
described in the previous paragraphs.
In the discussion of these results special attention will ba
;iven to comparing them with the results from stochastic ana-
lysiS presented in the previous paragraphs.
Since the steady state motion of the platform due to a regu-
lar, sinusoidal wave will be sinusoidal as well, with constant
period and amplitude, the time domain simulation time need not
be taken as long as for a wave spectrum in order to obtain re-
liable steady state results. Therafore the total simulation
time for deterministic analysis is taken as 1000 $.

Three of the ~ave periods examined are chosen near the natural
period of the platform, while the fourth regular wave has the
maximum relevant period stated by O.N.V. and is cal led the de-
sign wave.
The wave height is related to the wave period by means of the
O.N.V. 100 year wave steepnass criterion from chapter 3.

----------------------------------------------------wave I wave I water load I deck displ. I
periodlhei;htl--------------------------------------I

I I s.d. 1 max. 1 s.d. I max. I s.d./I
1 1 1 I I I max. 1---------------------------------------~------------ICsJ 1 CmJ I CkNJ I CkNJ I CmJ I CmJ I C-J I----------------------------------------------------1One leg I

----------------------------------------------------- J
9.0 I 15.221 348.9 1 619.1

10.0 I 17.621 242.2 I 426.7
11.0 1 19.951 519.3 1 919.1
18.0 I 32.0011447.6 12423.4

1.084
2.968
1.359
1.216

1.571 I 0.6901
4.276 t 0.6941
1.914 I 0.7101
2.013 I 0.6041----------------------------------------------------1Platform------------------------------~---------------------I9.0

10.0
11.0
18.0

15.221 591.4 11096.0
17.621 476.3 I 848.4
19.9511114.9 11423.3
32.0014075.7 16552.5

0.591
1.793
0.977
1.129

0.856
2.562
1.3B9
1.826

0.6901
0.7001
0.1031
0.6181----------------------------------------------------

Table 8.8: Results of regular
wave analysis
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From tne results listed in table 8.8, first the ratio of the
standard deviation and tha maximum value of the deck displace-
ment is considered. For an harmonie motion with constant pe-
riod and amplitude ths theoretical value of this ratio is gi-
ven by:

s.d. 1
=-VZ'=0.707

Z
(8.02)

max.
A deviation from this ratio in table 8.8 indicates that
results do not apply solely t~ the staady state, but are
fluenced by the preceeding transient state. This means
th~ transient time is estimatad too short.

the
in-

that

Since tha standard deviation is computed from the results of
all time steps, the steady state standard deviations will
hardly be influenced by the relatively short transient time,
which is included in the computations due to an underestima-
tion of the total transient time. As a result of this, a di-
vergence from the theoretical ratio stated abo~e will be cau-
~ed by an error in the maximum value.
As can be seen in tabla 8.8, the only
found for the design.wave, for which
transient time is obviously too short.
ratio is too sm~ll it can be concluded
deck displacement is ~n overestimation
state motion amplitud~.

significant deviation is
the estimation of the
From the fact that tne
that the stated maximum
of the actual steady

Althcugh the maximum wave loads are found tor the design wave,
as to be expected, tne maximum motions are found Tor the 10 5
regular wave, which is nearest to the natural period of the
platform. This means that the response of the structure is go-
verned by the dynamic amplification near the natural period,
as oPPQsed to the response due to wave spectra, which is go-
verned by the amount of spectral energy, rather than by ampli-
fication effects.
Another conclusion is that the loads and motions due to a re-
;ular wave are much greater than those due to a stochastic sea
state. In a stochastic sea state, the waves resulting from va-
rious spectrum s3ctions will ·compensate sjch other partially
and thus the loads and motions cannot as 5evere as for one re-
gular wave, in which case counteracting Wàves are present. In
fact, this conclusion points out the severe ove~estimation by
deterministic analysis of the physical reality concerning wa-
ter loads and deck displacements.
The ratio of the standard deviation and ihe maximum value of
th~ deck displacement for a stochastic SQa stata is much 1e5s
than thQ ratio for a'regular wave. This is merely a confirma-
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tion ot the stochastic nature ot the platform responsa in the
case ot a stochastic sea state, allowing relatively large mo-
tion peaks. For longer simulation times, the ratio will even
raduce more. It is pointed out that th is does not apply to de-
terministig analysis, tor which the theoretical ratio remains
unchanged tor longer simulations.
It should be noted that the water loads in deterministic ana-
lysis are tound to be clearly drag torce dominated. The ratio
of mass and dra; forces does not exceed 7.4 ~.
Table 8.9 shows the reduction of loads and motions due to tha
phase differences betwaen the lags of tha three-Iegged plat-
form Kolskaya. Again, the maximum reduction occurs tor the
wave with the period nearast to the 8.61 s computed in the
previous chapter and decreases for increasing wave periods.
As for the wave spectra, the loads and motions are subdue to
the same amount of reduction, except for the 10 5 wave, which
is 'affected' significantly by dynamic amplification causing
an enhanced reduction of tha deck displacement.
Generally speaking, the conclusions concerning the
motion reductions due to phase differences between
are identical tor regular and stochastic sea states.

load and
the legs

----------------------------------------------------
wave

period
wave

height
reduction due to phase dit-
terences "between the legs1---------------------------------1

water load deck displ.1----------------------------------------------------1
1 CsJ I Cm) I C%J I C~J Il---------------~------------------------------------II 9.0 I 15.22 I 43.5 I 45.5 I
I 10.0 I 17.62 1 34.4 I 39.6 I
I 11.0 I 19.95 I 28.4 I 28.1 I
I 18.0 I 32.00 1 6.2 I 7.2 I----------------------------------------------------

Table 8.9: Reduction ot loads
and motions due to
phase d~fferences
betwaen the legs
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8.6 FREQUENCY DQMAIN
8.6.1 General
In the previous .paragraphs, the rasults from time domain ana-
lysis applying to tha steady state motions have been presen-
ted. This paragraph deals wit" the comparison of these results
with those obtained trom frequency domain analysis of the same
two models. All parameters are equal to those stated for the
referenca case and the one leg model, apart trom those speci-
fically applying to time domain analysis.
As stated before, frequency domain analysis does not yield
maximum values of loads and motions for a stochastic sea
state, but only standard deviations. For this raason, the com-
parison of time domain and frequency domain is restricted to
the standard deviations of these parameters and the maximum
values found in the time domain will not be mentioned here.
In order to allow a clear comparison ot deterministic and
stochastic sea conditions, this restriction is made for deter-
ministic analysis as well. !t shouLd- be noted that the load
and motion values stated tor this type of analysis do not re-
present the amplitudes, but the standard deviations.
The frequency domain results for a stochastic sea
also used for plo~s of the D.A.F. and the frequency
ristics of loads and motions.

state are
cnaracte-

The trequency domain computer program.Jacquelin includes tne
computation ot the effect of directional wave spraading and
the result ot tnis will ba discussed in this paragraph.

8.6.2 Oeterministic analysis
Tha results from deterministic analysis of bath models are
listed in table 8.10. The frequency domain and the time do-
main are respectively denoted as f.d. and t.d •• The differen-
ces between both methods are generally less than 20~, except
for tna 10 5 wave, which is naar the natural ~eriod, and the
.~ater 10 adsin par tic u1ar. .The 0 ver est i In al tion 0 f the wat er
load by frequency domain analysis is more than 25 % for the
platform and almest 80 % for the one leg model. Tha cause of
these larGe overestimations could not ba traced, but one pos-
sible explanation is ~iven below.
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----------------------------------------------------
I wave 1 wave Istandard d9viation Istandard deviationl
Iperiodlheightl of watsr load 1 of deck displ. f
1 I 1-------------------1------------------1
1 1 1 t.d. 1 t.d. Idift.1 t.d. It.d. Iditt.11----------------------------------------------------1

CsJ I CmJ 1 CkNJ I CkNJ 1 C%J I CmJ lCm] 1 C~J I1----------------------------------------------------1
I one legI------------------------------------------------~---J1 9.0 1 15.221 330.81 348.91- 5.21 0.97111.0841-10.41
1 10.0 I 17.621 433.81 242.21+79.11 3.88012.9681+30.71
1 11.0 1 19.951 604.91 519.31+16.51 1.61311.3591+18.71
1 18.0 1 32.0011471.711447.61+ 1.71 1.13311.2161- 2.711----------------------------------------------------1Platform1----------------------------------------------------1

9.0 15.221 568.61 591.41- 3.91 0.55410.5911- 6.31
I 10.0 1 17.621 596.51 476.31+25.21 1.97111.7931+ 9.91
1 11.0 1 19.9511249.411114.91+12.11 1.11410.9771+14.01
I 18.0 I 32.0014191.314075.71+ 2.81 1.12311.1291- 0.51----------------------------------------------------

Table 8.10: Results for a detsr-
ministic sea state

For the theoretical case ot an undamped single-degrae-of-free-
dom systam subdue to an harmonic load with a period equal to
the natural period ot the 'system, .it is known that the displa-
cement and the load are ii phase. From this thaory it can ba
derived tha~ ~he minimum phase diffar~nce between loads and
motions in table 8.10 is found tor the 10 s wave.
Sinc9 1:he.platform motion are relatively large f er the 10 s
wave, ~n error in the fraquancy domain representation of this
phase ditference yields a relatively large error in the rela-
tiva velocity and thus in the water load. For the other waves,
this effect will not ba as strong, as tha platform motions are
19ss severe.
Apart from this explanation of the large load differences, it
should ba no1:ed that the tima domain water load includes the
damping force, which is not tha c~se for the frequsncy domain.
Since the direct ion of this da~ping force is always opposite
io the loading direciion, ihis will cause an overestimation ~9
frequency domain analysis of the overall water load on the
plaform.
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8.6.3 Stochastic analysis
Table 8.11 shows the loads and motions due to a stochastic sea
state. The comparison of trequency domain and time domain
water loads yields less extreme, but still significant dif-
ferences up to 30 ~••
The deck displacement $hows much more inconsistency. There is
a large frequency domain oversstimation, rapidly dacreasing
for increasing paak periods. The reason tor this is not quite
understood. Since this trend does not seem to be correlated to
ihe trend observed for the water loads, the displacement dif-
ferences could be caused by dynamic amplification effects, but
this would probably yiald a maximum error for the 10 s wave
spectrum, rather than the 8 s spectrum.
As opposed to time domain analysis, the maximum motions trom
the frequency domain are found for the.wave spectrum subdue to
maximum dynamic amplification, instead of the spectrum with
the maximum overall wave energy.
Since time domain analysis is balieved to provide an accurate
representation ot physical reality, the observed inconsisten-
cies are probably due to the frequency domain linearization
of the drag force. As opposed to the drag .force domi~ated ca-
ses examined here, the errors should become much less for mass
force dominanee.

----------------------------------------------------
I peak I sign.lstandard deviationllstàndard deviation
Iperiodl wave J ot water load I1 ot deck displ.
I Iheight1------------------II------------------
Illt.d. It.d. Jditf. Ilt.d. It.d. Iditf.I--------------------~-------------------------------

CsJ I CmJ ICkNJ ICkNJ JOn· IICmJ ICmJ I C%J----------------------------------------------------
One leg----------------------------------------------------

8~0 1 6.0 J 45.71 38.61+18.4 110.28óI0.1651+73.3
10.0 1 10.0 I 83.11 89.01- 6.6 110.92810.6551+41.7
12.0 I 14.0 1128.51182.21-29.5 110.67310.6421+ 4.8. -----------------------------------------------------Platform----------------------------------------------------
8.0 I 6.0 I 79.11 Sb.71+18.6 110.17710.1011+75.2

10.0 1 10.0 1151.SI174.1t-12.9 110.56310.3971+41.8 t
12.0 I 14.0 1279.21405.71-31.2 110.42210.40,1+ 3.2 1----------------------------------------------------

Tabl~ 8.11: Results tor a .
stochastic sea state
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Oespite the obsarved differences between fraquancy domain
time domain, again the general conclusion can be drawn
deterministic analysis yields an overestimation of load
motion valuas.

and
that
and

The conclusion that dynamic amplification is related to the
peak period of the.wave spectrum, rather than by the average
zero-crossing period is confirmed by the frequency domain com-
putations.

8.6.4 Load and motion spectra
In the previous paragraphs, only the translational motion mode
of the platform has been considered. Sinca the frequency do-
main computer program Jacquelin includes the analysis of the
rotational mode, the spectral presentation of the results in
this paragraph will also include this rotational mode as weIl.
However, the main wave direction of 0 degrees used until now
is a symmetrical loading direction of the Kolskaya, as pointed
out in chapter 6, and thus no rotational excitation occurs,
theoretically. Indeed none of the cases with thi5 loading di-
rection, examined by means of tha computer program Jacquelin,
showed any wave-induced moments and rotations.
The dynamic computations underlying the spectral plots presen-
ted in this chapter are made for a main wave direction of 30
degraes, using the same wave spectra as in the previous para-
~raphs.
As is the case for the translational water loads, the phase
differencas between the legs will influence the water loads
for the rotational mode of the platform. For the wave direc-
tion of 30 degrees shown in figure 8.17 the maximum wave-indu-
ced moments will occur if the loads on legs 1 and 3 are in
phasa, while the load on leg 3 is in countarphase with the
load o~ the other two legs. This is the case for a wave with
awave len;th equal to the distance beteen leg 1 and 3.
For the Kolskaya, the distance between leg 1 ánd 3 is 53.69 m.
A sinu50idal wave with thi5 wave len~th has ~he following tre-
Ciuency:

w = 1.07 rad/s
At thi5 frequency, the maximum enhancament of the wave-induced
momants, dus to the platform geometry, occur5. 1t 5hould be
noted that this frequency is dependent of the wave . d~rection.
Figure 8.18 shows the translational laad spectra. Thair shape
is quita similar to that of the Jonswap wave spectra, with a
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Figure 8.17: Situation tor a wave
direction of 30
degraes

clear coincidence of the peak periods. However, an increase ot
t~e overall wave energy causes a more than proportional in-
erease of the varianee of the water loads. This is due to the
tact that the water loads are dominated by the drag force,
which is proportional to the sQuared surface excursion.
Th. load spectra tor rotation, plotted in figure 8.19, do not
show such a resemblance to the Jonswap wave spectra. At all
three load spectra, there still is a peak near the paak period
of the wave spectra, but a second peak is obs~rved. !t is cau-
sed by tha platform geomatry, as pointed out above. The wave
freQuency of this peak is a little 1&ss than the 1.07 rad/s
computed. which is due to the tact that the geometrie al enhan-
cement is 'counteracted' by a decrease ot the spectra1 density
ot the wave spectrum, tor increasing freQuencies.
The geometrical peak in the load spectra increases tor incre!-
sing significant wave heights, due to the tact that the soec-
tral density ot the wave spect~a near the geometrical peak in-
creases.
Ägain, the conclusion can ba drawn that the motions and
due to a certain sea state can be intluenced by tWe the
form geometry.

loads
plat-

Figure 8.Z0 shows the motion spectra tor translation in the
wave direction. It the band width of the load spectra in figu-
re 8.18 is considered, it is clear that the motions computed
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FIG. 8.18: LDAD SPECTRA IN THE HAVE OIRECTIDN
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FIG. 8.19: LOAD SPECTRA FOR ROTATION
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in the frsquency domain are governed by dynamic amplification
effects, as already concluded earliar in this paragraph. Tna
motion spectra show a sharp peak at tha natural period of
translati~n. The maximum motions are caused by the 10 s wave
spectrum, with its peak period near the natural periode
-At the presentation of the th.ory explaining the Gaussian dis-
tribution of the deck displacement in paragraph 8.2, it was
sU9gested that a narrow banded mot ion spectrum would cause de-
viation from the Gaussian curve. Indeed it is observed that
the largest deviation occurs for the 8 s wave spectrum, cau-
sin9 the most narrow-banded response. The best fit of ihe
Gaussian distribution is found tor the most wide-banded res-
ponse spectrum , induced by the 12 s wave spectrum. This is in
line with the theory presented.
Tha motion spectra for rotation, shown in figure 8.21, sup-
ports the conclusions concer~ing the importance of dynamic am-
plification. There is a sharp peak at the natural period of
platform rotation.

.The dynamic amplification factors tor both motion modes, plot-
ted in figures 8.22 and 8.23, show the sharp peaks causing the
relatively narrow banded response already observed. The dyna-
mic amplification of rotation shows an increasing peak tor a
decraasing significant wave height, due to the decreasing hy-
drodynamic dampin;.
At the D.A.F tor translation this trend is disturbed by the
fact that the peak of the la's wave spectrum is very nea~ the
natural period of the platorm, causing the maximum dynamic am-
plification. The 8 s spectrum shows a second translational
p.ak at the natural period of platform rotation. For a loading
direction of 30 degrees, both mot ion modes are not completely
independent. Oue to this, the relatively larg~ rotations for
the 8 s spectrum cause a secondary peak in the grap" of the
C.A.F. for translation.
It should be noted that the interaction between the motion mo-
des, and thus secondary amplification peaks can become much
more important for pl~tforms with more assymetry than the
Kolskaya. An increase of this int~raction can be caused by:

a. An eccentric gravity centre of the pontoon.
b. Different stiffn.ss parameters per leg.
c. Different drag and mass coefficients per leg.

The frequen~y domain computer progr~m Jacquelin is capable of
handlin; an eccentric gravity centre as well as different drag
and mass coefficient per leg and can easily be modified tor
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FIG. 8.20: MOTION SPECTRA IN THE HAVE D!RECTION
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FIG. 8.21: MOTIDN SPECTRA FOR ROTATION
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FIG. 11.22: DYNAMIC AMPl.IFICATIDN FACTOR IN THE WAVE DlRECTIDN
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the use of diffe~ent stiffn.ss pa~amete~s per leg.

8.6.5 Di~ectional wave spraading
Tha di~ectional sp~eading of the waves is accountad fo~ by
maans of the eosine squa~e di3t~ibution, as outlined in ehap-
ta~ 6. The lack of 8mpi~ieal data eonfi~ming the eo~~actn8ss
of this dist~ibution nas al~eady baen mentioned, but neve~tne-
l8ss it is interesting to eonside~ tne eomputed load and mo-
tion ~eduetions, wnien a~a listed in table 8.12.

----------------------------------------------------peak 1 sign.lstanda~d deviation Istandard deviationl
pe~iodl wave I of water load 1 of deck displ. I

Inaigntl-------------------I------------------I
J I 1 1 red.1 I I ~ed. I------------------~---------------------------------I

CsJ I CmJ I CkNJ 1 CkNJ I C~J lCm) 1 CmJ I C%J----------------------------------------------------1
8.0 1
8.5 I
9.0 I
9.5 I

10.0 I
l 10.5 I
I 11.0 I
1 11.5 1
1 12.0 1

1 79.1 1 54.4
1 92.9 1 67.0
1109.8 I 82.8
1128.9 1100.8
1151.6 1121.9
1179.1 1146.8
1209.9 1174.5
1243.0 1204.1
1279.2 1236.3

6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0

31.210.17710.1521
27.910.24710.2131
24.610.35310.3061
21.810.49310.4301
19.61~.56310.4921
18.010.53710.4691
16.910.47910.4171
16.010.43810.3811
15.410.42210.3671

14.1 1
13.8 I
13.3 I
12.8 I
12.6 I
12.7 1
12.9 I
13.0 I
13.0 I----------------------------------------------------

Tabla 8.12: Load and motion ~e-
ductien due to dirac-
tional wave sp~eading

Tha di~ectional wave sp~eading factor has been applied to the
va~ianee of the water load and the deck displacement. Since
the faetor describes the di~ectional sp~eading of ene~9Y
t~anspo~t, there seems to be mo~e justification fort its use
witn the variance of motion, which is related very clea~ly ~o
ene~gy p~operties, than with the variance of loads.
This doubt concerning the method us~d tor the reduction of the
loads seems to be confirmed by the inconsistency between the
reduction percentages ot the loads and the motion3. While the
motien ~eduction is almost constant tor all wave spactra, the
load reduction shows a decreasa tor increasing peak periods.
Since no physical explanation could be tound fo~ this, there
is some suspicion about the application ~f the wave sp~eading
factor to the water loads.
It snould ba noted that di~ectional wave spreading will not
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always cause reductions. Platforms with strong asymmetry could
even show increasing loads and motions for certain main wave
directions.

8.7 HYORODYNAMIC OAMPING
As statad before, hydrodynamic damping perdentages are only
computed in the frequency domain. The results for regular wave
analysis are listed in table 8.13.

,The last column of this table shows the hydrodynamic damping
for waves with a range of periods, but all with the same wave
height. It can be seen that there is a dip in the hydrodynamic
damping at the natural periode This is explained by tha fact
that the phase difference between the fluid motions and the
platform motians is minimal at the natural period, causing mi-
nimal damping forces.

----------------------------------------------------
wave .t wave 1 hydrodynamic damping 1

period Iheight 1-----------------------------------11 "one leg 1 platform 1I I I -----------1
I 1 I Iwave heightJ
I J I I = 12.79 m I----------------------------------------------------CsJ CmJ C~J C~J C~J----------------------------------------------------

8.0 1 1'2.79 1.735 1.826 I 1.826
9.0 I 15.22 1.931 2.198 I 1.850

10.0 I 17.62 2.618 2.210 I 1.779
11.0 I 19.95 3.257 3.123 1 2.053
12.0 I· 22.18 3.594 3.530 1 2.061
13.0 I 24.28 3.928 3.890' I 2.066
14.0 1 26.t7 4.238 4.213 1 2.064
15.0 1 28.12 4.538 4.521 1 2.067
16.0 1 29.84 4.820 4.807 I 2.069
17.0 I 31.44 5.0.84 5.074 I 2.072
18.0 I 32.00 5.182 5.175 I 2.075----------------------------------------------------

,Table 8.13: Hydrodynamic dampin~
tor daterministic sea
state

For increasing wave h8ights, the hydrodynamic damping
ses, dus to the increasin; platform motions, which
increasing damping forces.

increa-
generate

Comparing tha damping values found for one 199 and 10und for
the complete platform it can ba concluded that there is hardly
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any difference and that the hydrodynamic damping percentages
for regular waves are in the range of 1 to 5 ~.
The same trend of increasing damping valuas for increasing
wave hei;ths of regular waves is observad for stochastic sea
states, for which the results are listed in tabla 8.14. Cue to
a similar machanism of decreasing platform motions, the hydro-
dynamic damping decreases for increasing values of structu-
ral and soil. Howevar, this decrease is net very significant,
which is probably caused by the fact that the increasing over-
all damping induces greater phase differences between fluid
motions and platform motiens, with the result of increased
hydrodynamic damping forces. Soth effects seem to compensate
each other by and large.
It is concluded that the influence of physically realistic
structural and soil dampin; va lues on the platform motions is
only marginal, in the case of a stochastic sea state. This
conclusion is supported by the re~ults found in the time do-
main.

----------------------------------------------------
wave

pariod
I wave
Iheight
I
1
I

1 hydrodynamic damping1-----------------------------------1 one leg I platform1-----------------------------------
----------------------------------------------------Icss=0Icss=1Icss=2Icss=0Icss=1Icss=2

CsJ CmJ 1 C~J 1 C~J 1 C'!J I C~J 1 C~J 1 C%J----------------------------------------------------
8.0
8.5
9.0
9.5

10.0
10.5
11.0
11.5
12.0

1
I
1
1
I 10.0
1 11.0
1 12.0
I 13.0
1 14.0

6.0
7.0
8.0
9.0

10.43210.40010.39710.42810.41510.414
10.51810.47510.47010.51210.49510.493
10.61510.55210.54410.60210.57710.574
10.72510.63910.62710.69510.66110.657
10.82710.74110.72610.78610.75210.747
IO.90710.84310.82910.87010.84610~840
10.97910.93610.92410.95210.93610.930
11.05111.02111.01211.03311.02111.017
11~12911.10SI1.09711.11611.10711.103-------------------------------------p--------------

Table 8.14: r.ydrody~3mic damping
for stochast ie saa
state

Tha damping values tor a stochastic sea state are much lower
than those tound by means of deterministic analysis, in the
order of 0 to 1 ~ only. Since this rep~esentation of the sea
surface is much more realistic than a deterministic represen-
tatien, its hydrodynamic damping valuas will ba more realistic
as well. From this the conclusion can be drawn that tha deter-
ministic analysis mathod yields an everestimation of the hy-
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drodynamic dampin;. This is in line with earlier conclusions
concernin; the water loads and deck displa~ements.

8.8 CONCLUS!ONS
In this paragraph, a resume is given of the
of this study of the dynamic behaviour of a
with lattice legs, in elevated condition.

main conclusions
jack-up platform

The following general conclusions can be drawn:
a. The water loads on a jack-up with lattice legs are

dra; force dominated.
b. The phase difterences between the legs of a multi-

l.gged platform cause considerable load reductions
for platform translation in comparison with the
one-legged case. The reduction of the deck displa-
cement proportional to the load reduction, except
for wave periods naar the natural period, for which
the motion reduction is enhanced by dynamic ampli-
fication effects. The reduction depend on the loa-
ding direction.

c. The load spectrum for the rotational mode shows a
geometrical peak, apart from peak of the wave spec-
trum. This peak is dependent of tha loadin; direc-
tion.

d. The motions and loads due to a certain sea state
can ba influenced by the choice of the platform
geometry. This is a more general conc Lu sLcn, concer+
ning the phase differences batween the legs.

e. Deterministic analysis yields significantly greater
values for the loads and motions as well as hydro-
dynamic damping than stochastic analysis. This is
due to the simplification ot the physical reality
by regular wave analysis, causin; an.overestimation

( .•..cf these parameters.
~ There are major inconsistencies between the results

ot the trequency domain and the time domain, parti-
cularly those trom stochastic analysis. Since time
domain analysis is believed to provide a reliable
rapres~ntation of the physical processes involved,
it seems thát this inconsistencies are caused by
the fr3quency domain linearization ot the drag for-
ce. This assumption is supported by the drag force
dominance in the cases examined. For mass force do-
minance, the errors should be much less.
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The following conclusions specifically apply to stochastic 21-
nalysis:

g. For a stochastic sea state represented by a Jonswap
spectrum, the dynamic amplification is governed by
the peak period of the wave spectrum, rather than
by its average zero-crossing periode This effect is
related to the sharp-peaked nature of the Jonswap
spectrum and need not occur tor other types of wave
spectra.

h.' Structural and soil damping values whièh can be ex-
pected to be physically relevant, less tnan 4 ~, do
not influence tne platform motions substantially,
in ,ca~e of a stocna~tic sea state.

i. In tne case of drag force dominanee, tne statisti-
cal distribution of tne water loads ean be repre-
sented by an exponential distribution function. A
snape factor equal to 1.5 generally gives good re-
sults. For increasing significant periods of the

wave spectrum, tne load distribution becomes
sligntly asymmetrical, due to tne increasin; dif-
ferences between tne tluid velocity profiles 'un-
der' a wave crest and 'under' à wave trough.

j. For low damping percentages, tne deck displacement
tollows a Gaussian distribution. A divergence from
the Gaussian curve towards a uniform distribution
is linked to a narrow-banded response spectrum. In
case of a linear transfer between loads and mo-
tions, increasing damping vàlues causa a divargence
from the Gaussian distribution towards the load
distribution curve. This conclusion is valid ter
drag torce as well as mass force dominated cases
and for a any number of platform legs.

Durin; the modelling of the relevant mechanisms and processes,
perfomed in tne previous chapters, tne following items ware
found to be of particular interest for furtner investigation:

a. The raliabilit~ of thi Morison equ~tion in gen~ral
and the correct determination cf drag and mass co-
etficients.

b. The rotational stiftness of the leg-soil connec-
tion.

c. The si~nificance of lift forces.
The examination of all threa items will have to ba carried out
on an empirical basis.
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