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                               Summary

   It is important to investigate the characteristics  of  the vibration  of  jack-up oil  rigs  in

order  to ensure  their successfu1  design. FEM  is available  for the accurate  calculation  of

natural  ftequencies, but there are a  few unknown  quantities to be studied  such  as the virtual
mass  of  a  leg vibrating  in water,  and  the supporting  condition  of  the sea bed, among  others.

   This paper, first ef  all, deals with  the calculation  of  natural  frequencies and  mode

shapes,  using  an  idealized model,  composed  ef  beam elements  and  plate elements,  and

vibration  tests of  an  aetual  jack-up oil  rig which  has been  constructed  during the past two

years. In these tests, four oil  rigs were  excited  by the wire  cutting  method  to obtain  the lower

natural  frequency and  logatithmic decrement. At the $ame  time, the vibration  of  the leg

due to wind  was  also  rneasured  in order  to obtain  its natural  frequency,

   The main  conclusions  are  as fbllows.

(1) It may  be accepted  that  the virtual mass  coeMcient  of  a leg composed  of  circular

    cylinders,  q,  equaTs  1.0.

(2) In calculating  the natural  ftequency of  the oil rig in a  jacked-up condition,  the spring

    effect should  bc taken into account.

(3) In estimating  the dynamic response  of  the oil  rig,  the lowest three natural  frequencies

    govern  the dynamic response,  due to wave  force.

(4) The wire  cutting  method  is very  useful  for rneasuring  the natural  frequency and

    logarithmic decrement of  the oil rig.

(5) The measured  lower natural  frequencies are  approximately  proportional to hrS12 (h:

    platform height) amd  MHt/2 (PV: platform weight)

(6) The  logarithmic decrement indicated is from O,2 to O.3. which  is Iarger than that for

    ship's.

(7) The  first and  second  modes  of  the legs are  governed  by  their bending and  torsional

    deformation, respectively.  Their natural  frequencics are approximately  proportional

    to t"2 (l: leg length) and  lmi, respective]y.

1. Introduetiore

   Recently many  jack-up oil rigs  have  been

constructed  by shipbuilders  at  home  and

abroad,  while  engineers  and  researchers  haye

been studying  the engineering  and  technical
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problems  connected  with  oil  rigs  especially

concerning  dynamic response  due to wave

force. To  solve  these problems, it is impor-

tant to gain a  knowiedge of  the  characteristics

of  the vibrational  behavior of  the eil rig  as

a  structure.  However  there are  a  few unknown

quantities which  must  be investigated, such  as

the virtual  mass  of  legs vibrating  in water,  and

the supporting  conditions  of  the sea  bed.

   In this paper the authors  obtained  the vir-
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tual mass  experimentally,  using  leg models,

because it is very  diMcult to calculate  theoret-

ically the virtual mass  of  Iegs composed  of

circular  cylinders.  In addition  they studied  the

eflbct  of  the sea  bed on  the natural  frequency
of  an  oil rig.

   It is necessary  and  important to carry  out

vibration  tests on  an  oil rig in actual  operating

conditions,  fbr checking  against  the theoretical

natural  frequency and  also  fbr obtaining  the

logarithmic decrement, 'which is unable  to be
estimated  theoretically. However  we  could

find few technical papers about  the experi-

ments  of  units  in actual  operating  conditions.

   Here, the authors  have tried to gather use-

ful data concerning  natural  frequencies and

logarithmic decrements, in the vibration  tests

of  four units.  In thege tests, the  oil rigs  were

excited  by the wire  cutting  method,  which  is
usuaily  used  for land structures.  This is

perhaps the first time that this method  has

been used  on  offshore  structures.

2. Theoretical analysis  of  the natural  vibration

   of  oil rigs

2.1 Added  virtual  mass  of  ]egs

   It is usual  to take the dead  weight  of  the

iegs as the added  virtual  mass  of  the Iegs
vibrating  in water.  The authors  carried  out

their experiments  on  the legs' vibration  in

water  using  the scale  model  of  leg, according

to the fbllowing procedure.
(1) Models used  and  experimental  procedure

   The  authors  used  the circular  cylinder  steel

model  and  the  l!20 scale  model  ofa  leg, (Fig.
1). The  former model  was  used  fbr checking
the accuracy  of  the experimental  rnethod,

because the theoretical added  mass  of  a  cir-

cular  cylinder  is able  to be calculated  easily.

As  shown  in Fig. 1, the  latter model  is a two-
dimensional model  with  an  edge  plate (850
mmip,  t==6 mm)  at  each  end,  as  shown  in Fig.
1. The  leg model  is composed  of  stainless

steei pipes, a  sal-vinyl  plastic edge  plate and
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        Fig. 2 Experirnental 2Lpparatus

an  acrylic  rack.

   The  experiments  were  ¢ arried  out  in a  steel

tank (L× B × D=4.5m × 1.5m × O.8m) as

shown  in Fig. 2. The  models  were  suspended

by two  rods  at midspan  ofa  spring  beam. The
fundamental natural  frequencies of the spring

beam  were  measured  with  the model  in water
and  in air. Table 1 shows  details of  the ex-

penment.

(2) Results

   Tablc 2 shows  the natural  frequencies
measured.  Fig. 3 and  Fig. 4 show  examples  of

measured  mode  shapes,  These  figures led to
conclusion  that the model  vibrated  only  in the
vertical  direction, and  that iLLhe djflbrence be-
tween the  natural  frequencies in air and  water

was  only  due to the increase of  weight  at the
midspan  of  the spring  beam, which  means,

added  mass.  The fbllowing equation  is derived
from the  reiation  between the natural  frequeney
in air  and  that in water,  including the added

mass.
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Table 1 Details of  experiment

ModelSpanofspring
beJm[mm)Weight(kgf}[N]DirectionofmetLen

CircularcylindgrmodelfP)220012.I{H8,7]

oi
2200(PA-T}

1
Leqscalemodei:Verticoivib,CPA}1600(PA-I)

3L1{305,O]

2200(PB-I)
Legscalernodel/Hcrizonta]vib.CPB)

[600CPB-I)37.7{369.7} t
580CPB-M)

x Weight of sprlng  beam is 57. I kgf {56S,8N}
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tachments

paExperimental

 mode  shape  of  spring  bearn in

air  and  water

   MB:  Available weight  of  spring  beam

        vibrating

  The  two-dimensional  added  mass  of  a  body

with  a  circular  cross-section  is equal  to the

dead weight  (=pgV). So the added  virtual

mass  coeMcient  q  is defined as  the ratio  of

the  body  of  undefined  cross-section  to one

with  a  circular cross-section  expressed  as  the

equatlon:

          C,iMpfPV  (2)

  Table 3 shows  the experimental  added

virtual  mass  coethcient  C, calculated  from the

measured  natural  frequencies in Table 2 using

Eq. (1) and  Eq. (2). The experimental  C. of

the circular'  cylinder  model  is O.99, which

agrees  well with  the  theoretical  value  1.0.

Therefore the  accuracy  of  the authors'  experi-

ment  was  verified.  In Table 3 it is apparent

that variations  in the spring  beam's span  cause

diversification of  the experimental  C, of  the

leg model  and  also  that the value  of  C. varies
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q

Natural Vibration of  Jack-Up  Oil Rig

mass  coeMcient

Experimentname kE w<kgf){N]WF{kgf)[N}Cv

P O,22530,5{297.I)6.83{67,O]O.99

PA-I0226o2sTI{Elis'5,}

PArIa2es
I2.66{l24.2]L15

PB-IO.256
PB-llO.177O.20556,2{55Ll]]L53{IT3,1]L05

PB-MQIS5

        t

         t･ C+Yl.)L:

a  little in accordance  with  the direction of

model's  motion.  However  C. can  be given an

approximate  value  of 1.0 fbr the purpose  of

analysis  of  vibration.

2.2 Calculationmethod

   An  idealized oil rig  structure  is used  for

analyzing  the natural  vibration  with  FEM,  in

the fbllowing manner.

   The  three-dirnensional  idealized model  of

the oil rig  is composed  of  beams and  rigid

plates. The fbrmer fbrm the lattice structure

of  the legs and  the latter form the box struc-

ture of  the platfbrm. Fig. 5 shows  an  example

of  a  three-dimensional model  of  an  oil rig.

This model  contains  209 nodes,  450 beams and

76 plates, The  authors  assumed  that  a  weight-

less rigid  bar would  connect  the legs and

platibrm, because this connection  is tightened

by  inserting a  wedge  into the  gap  between the

leg and  the leg guide.

   The  usual  oil rig  is equipped  with  a  spud

tank  which  is highly rigid  at  the bottom end  of

each  leg. This spud  tank is supposed  to be

the  most  rigid  part of  the leg. It is obvious

from the calculation  results  shown  in Table 4

that the spud  tank  causes  the natural  frequency

to be slightly  higher, due to the constrained

rotation  of  the leg end  at  the sea  fioor, Sub-

sequently  the authors  anaiyzed  the natural

vibration  of  the oil rig  model  with  a  spud  tank.

   The natural  firequency of  an  oil rig can  be

expected  to be considerably  affected  by the

constraint  at the sea  fioor. In order  to investi-

                                  149

                               × .11Zy

                     rtXig...tL'i.".';:[

                          gg.
     '
                           '
     ,-  --･, -
     ,-,  A
          =F･

    il 
'I

 .-'  .i 
.-.
 F,

     
----
 

--i
 i･I

        ,..i ll
      

'I
 

'11I

                           v;=

   Fig. 5 Idealized model  o{' oil rig for FEM

Table"4 Effect of  spud  tank  u])on  natural  fi:equency
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gate this efiect,  two  conditions  involving sup-

port are  taken  into cons,ideration.  One  is
simple  support,  the other  ,is elastic  support.

From  the calculated  natui'al  frequency given
in Table 5, the condition  of  elastic  support

(LK) gives a firequency which  is 8N  15%  lower

than  the simple  support  condition  (LS). Ac-

cordingly,  the  efiectiye  spring  constant  of  the

sea  fioor is a  very  important factor, and  it

must  be taken into account  in calculating  the

natural  frequency of  an  oil rig.
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Table 5Natural  frequencies

             unlt:Hz

Cond,

'N2
N5

LS LK-. I!S:IIIt.ttt...tttLKro"rMde'F"tttttttmtft-]--ib7T'r"''ffft"-fe

O,3684asis71O.2624Q227S

Q57F3O.5191O,5T5O.2657ttttttO.2307O.238

Q3911O.3Sso Q28SSQ24SB

2.6062.411'2,48B'2,580Z,21]

2.6942.4752.5752.4592.26t

2.7572.6l9e.7so2.S44244att

2,7722.757'2B2Jr2.S452.538

l234567e9TOII1?]13i4[5

2..7772.771-
ttt.ma.t2.570I'2.s6o'

2.7892.7r4 2,664-2.562.ti.

28642.855 Z.BOS'2.612
2.975 ?.,a?.4

S,09]tt-t 2.8'52'

S,555 2B5Bttt E
3,S54 2.902

3.3n-s1 2.970

2.3 Calculation results

(1) Natural frequency

   The authors  analyzed  three platfbrm
heights, 51,7 m,  62.7 m  and  72.1 m  respective-

ly, for investigating the effect  of  platform
height in vvater  of  constant  depth. The results

of  these calculations  are  given in Fig. 6. As
shown  in Fig. 6, the first three natural  fre-

quencies vary  inversely with  platform height.

Fig. 7 shows  the relation  between  platform
height (including water  depth) and  natural

frequency of  an  oil r.ig of  which  the ]egs are

enlogated  in proportion to  the  increase of

water  depth, It is easy  to estimate  the natural

oh8e."-'-OL:.

I

Fig, 6Relationfrequency

motion  of  plstformyp,ypzype

 
-.  Plotform  height  hCm)

between platform height and  natural

   
   

   

   
   

   

Fig.7 Relation between platform  height (water
     depth) and  natural  frequency

frequency of  an  oil rig  in the same  scale  as･

shown  in Fig. 7.

(2) Mode  shape  of  oil rig

   Figs.8(a)tv(f) shows  the mode  shape  of

an  oil rig operating  in deep water  (Leg length
150mand  platfbrm height 108 m),  The  mode

shape  of  an  oil rig can  be generally classified in-
to  two  types  of  vibration,  namely  global vibra-･
tion and  local vibratiQn.  In the former, motion
of  platfbrm predominates and  the mode  shape

is determined by the combjned  motion  of  three

legs. In this case  the platfbrm and  legs are

(/i

Fig.8(a)  Mode1.

Frequency O.12 Hz
Fig.8(b)  Mode  2.

Frequency  O.12 Hz
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   Fig, 8 (f) Mode  6.

   Frequency  1.09 Hz

shape  ef  an  eil  rig  operat-

supposed  to act  as  mass  and  spring,  respec-

tively. In local vibration  the arnplitude  of

platfOrm is relatively  small  compared  with

that  of  the legs. When  the  Iegs protrude above
the platfbrm in shallow  water  operation,  local

vibration  is frequently observed.

   Fig. 9 summarizes  the order  of  natural

frequency and  rnode  shape,  The lowest three

natural  frequencies, namely,  two  sway  modes

Fig. 9

r 5 IC] IS
 
-  Ril/o of fundcmenral freq"e,vy To hlgher order

Order of  natural  frequencies of  oil rig

-ifwwnc1es

and  a torsional mode,  are  very  close  to one

another  in every  operating  condition.  As

natural  frequencies beyond the fourth order

mede  are  10.-v7 times  as  high as  the  first,

frequencies higher than third order  can  be

disregarded in calculating  dynamic response

in connection  with  wave  action.

3. Vibr2tion tests in actual  oii rigs

3.1 Method  of  vibration  tests

(1) Testconditions

   The  authors  induced  vibration  in four actu-

al oil rigs  selected  from among  the many  con-

structed  by their company  between 1977 and

1980. Test conditions  are  shown  in Table 6.

Fig. 10 shows  the profile olr a  jack-up oil rig,

 [s,,t.

X,,.,
[
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L
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Xrv-HL
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 Fig. 10 Profile ofajack-up  oil  rig
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as an  example  of  an  oil rig.

   In Table 6, tests N2NN5,  Fl and  Ll were

all conducted  at the same  location off  Shima-
bara, where  the sea  bed is relatively  hard, and

leg penetration was  very  small,  ranging  from

1 m  to 1.5 m.  On  the other  hand, tests Nl  and

Ql werp  carried  out  in the sea  off  the factory

piers, where  the soft  sea fioor resulted  in deep
leg penetration.

   Loading  in each  test was  constant,  at about

10%  of  platform weight,  except  for that of

test N3, for which  loading was  about  5000  tfi

However,  platform heights varied  from 30

m  to 71 m.  Tests N4  and  N5  were  considered

to  be tests of  deep sea  operation  conditions,

while  tests Nl  and  Ol  were  for testing shallow

water  operation  conditions.  Other tests were

regarded  as  being in normal  operation  con-

ditions.

(2) Methods  ofinducingvibration

   i) Wind

   A  long reserved  leg is constantly  excited

by normal  wind  because its structure  is fiex-

ible. We  can  obtain  the  naturat  frequency of

a leg by spectrum  analysis  of  data measured

during a few minutes.  I'n the case  of  F  and  L
oil rigs,  leg vibration  due to wind  was  meas-

ured  during the towing  period. In the  case  of

N  leg, vibration  caused  by a  typhoon  was  also

measured.  Frorn this data, natural  frequency

and  logarithmic decrement could  be ob-

tained by spectrum  analysis  and  the halfl

pewcrband  width  rnethod  respectively.

   ii) Exeiter

   The  authors  tried to excite  the oil rig

        Fig, 1t Cutting wire  method

N  usin.cr a  weight  unbalance  type exciter  with

a  maximum  output  of  5 tf, following the same

rnethod  as  for a  ship  hull vibration  test. In

this experiment,  an  exiter  installed at  the ap-

proxirnate center  of  gravity of  the platform
excited  the oil rig horizontally. However  the

authors  failed to obtain  a  resonance  curve  fbr

the oil rig because of  the insuMciency of  the

exciting  force.

   iii) Wirecuttingmethod

   The wire  cutting  method  is sometimes  ap-

plied to large structures  on  land because of

being able  to obtain  their natural  frequency

and  logarithmic decrement. This is a  simple

method  applying  tension  to structures  by

means  of  wire,  and  releasing  them  suddenly

to induce fi;ee vibration.

   The  authors  applied  this method  to an

offshore  structure  fbr the first time. As  shown

in Fig. 11, a tug boat was  employed  to pull
an  oil rig  in along  its length, by means  of  a

wire.  The  vvire  was  cut  after the tensile force
in the wire  reached  beyond 60 tfi This method

enabled  simple  and  short-term  measurement

of  the  natural  frequency and  logarithmic
decrement fbr global vibration  of  the oil rig.

3.2 Results of  vibration  tests

(1) Measured  natural  frequencies

   The natural  frequency depends  on  many

parameters, including platfbrm  height, piatform
weight,  water  depth, ieg rigidity,  leg weight,

and  support  conditions  at the sea  fioor. The

                      NII-Electronic  
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sizes of  the four actual  ullits shown  in Table

6 are  almost  same  and  so  platfbrm height is

regarded  as  the most  predominant parameter
here.

   Fig. 12 shows  the relation  between platform
height h (-airgaptsea depth+leg  penetra-
tion) and  the measured  natural  frequencies in

all tests in Table  6. This figure indicates that

regardless  of  difll rences  in rig  structure  and

loading, measured  natural  frequencies have

a  tendency  to decrease gradually as platfbrm
height increases, while  the broken line in this

figure shows  the mean  {ine which  is approxi-

mately  in proportion to h-3P. As shown  in

Fig. 12, the  theoretical  natural  frequencies,

with  symbols  e  and  e,  of  oil rigs  operating

in deep  water,  approach  O.l Hz. So, we  must

give attention  to the natural  frequencies rigs,

with  regard  to the predominant  wave  per{ods
of  the seas  in which  they operate.

   Generally speaking,  thc natural  frequency

of  an  oil rig  is inversely proportional to  Wit2

(VV: total weight  of  oii rig), Here, in order  to

verify  this point, we  will take  the cases  of  tests

N2  and  N3,  of  which  the  test conditions  were

identical except  with  respect  to loading, as

shown  in Table 6. The natural  firequency of

test N3,  as  calculated  from the measured

 frequency of  test N2, O.313 Hz, was  O.230 Hz

 and  this value  is close to the measured  natural

10 la :4 L6 18 anSeC.

          
'
 Time

,
 ,-'At"itt'VyJttw,

Test nume  el
   f=O.6ooHi
     {l.4oHi]

  t6 IEJ

4'

 TimeOsec,

Fig. 13 Time  history of  measured  acceleration  at  the
      center  of  gravity  in platform

frequency, O,238 Hz, of  test N3.

(2) Measuredlogar'ithmicdecrement

   Before calculating  the wave-caused  dynam-

ic response  of  an  oil rig, the logarithmic decre-

ment  must  first be knowrL. However, little

data on  Iogarithmic decrements  has been

obtained  froin the experiments  of  actual  oil

rigs. Therefore, the authors  performed  sys-

tematic  experiments  to find a  simple  way  to

measure  logarithmie decrement using  the cut-

ting  wire  method.

   Time  history examples  of  measured  ac-

celeration  induced in the platform just after

wire  cutting  are  shown  in Fig. I3, Accelera-

tion  in test N5  shows  typical damped  free

vibration,  but acceleration  in test Ol  shows

disorder of  the wave  combined  with  two  waves

having different periods, L7s  and  O.7s, re-

spectively.  This is not  only  be ¢ ause  leg pene-
tration is increased by the seft  sea  bed, but

also  because the pulling direction of  the tug

did not  equal  the  oii rig's  principal axis.  The

authors  concluded  that attention  must  be paid
to  the pulling direction in order  to obtain

acceptable  data.

   Table 7 summarizes  the/ measured  logarith-

mic  decrements obtainecl  from the accelera-

 tion wave.  These values  e.re between O.2 and

 O,3, which  are  5NIO  times greater than  the
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Tablc  7
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Measured logarithmic decrement of  actual

oil rig

='
 R/g name

Item '---

Test Name

Logarimmlcdecre

Naturalfrequency

7N FIO L
IN5Fl .Li---

0214,0355-t

Ol-e.242

023805250600O2880575ttt--

logarithmic decrement for ship  hull vibration.

The  authors  surmised  that  the  reason  might

be due to  dissipation of  large vibration  energy

from the leg into the soil  of  the sea  bed.

According to the  Det  Norske  Veritas rule,

logarithmic decrement 6 of  an  offshore  struc-

ture is given as  O.031 in air  and  O.126 in water.

In comparison  with  these values,  the  author's

logarithmic decrement seems  to be slightly

larger, but they  are  assumed  to be reasonable

taking into account  of  the scattering  of  the
measurement.

(3) Comparison of  measured  and  calculated

    natural  frequencies

   Table 8 shows  a  comparison  of  measured

natural  frequencies and  frequencies calculated

by the analysis  mentioned  in Section 2. As
shown  in Table 8, fairly good agreement  is
observed  between the measured  and  calculated

natural  frequencies.

   In the  case  of  test Fl, the  measured  natural

frequency is between those calculated  for oil

rigs with  simple  support  and  elastic  support.

Fig. 14 shows  the calculated  mode  shape  of

the three  lower vibrations  of  test Fl, in which

Table 8Results  of  natural  vibration  analysiswithFEM

Ce[culasednatvralfreq,Calcv]at[onmede[ltemTestname[st2nd3rd
'SupportingcondlPIatformModeshapeMeasurednaturalfreq,

N2O,316O,3]9O,339
'IPIateelememt

O,515

N5O.227O,23]O.249EIast[ca[lysupported"tsbCRLgLd'
Flg,8inrefU)O.258

O249O,262O,515SimpFysupparred
Fl0454Q474O,550Elasticallysupported Fig,7O,525

olO545Q8640909Simplysuperted

Beame[ement

ACEqulvalentngad[ty}Fig,8O.600l,400
Lll O,375
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Fig: 15 Mode  shape  of  oil  rig  (test Ol)

horizontal vibration,  fore-aft vibration  and

torsional vibration  of  the platform occur

sequentially.

   In the calculation  of  natural  vibration  for

Ol, the bottom ends  of  legs were  assumed  to

have sirnple  support.  Fig. 15 shows  the theo-

retical  mode  shape.  Leg  reserve  was  so  long

that the amplitute  of  the leg was  much  larger
than  the platfbrm's. The  calculation  result

shows  that  the  order  of  natural  frequencies

is diflbrent from natural  frequencies in other

cases.  Here, the sway  mode  has the lowest
natural  frequency and  the local vibration  of

the leg reserve  has the higher two  natural

frequencies. Therefbre, the measured  natural

frequency, O.60Hz  might  bc the natural  fre-

quency of  the  sway  mode,

4. Natural vibration  of Iegs

   Service engineers  frequently have  the  op-

portunity to observe  leg vibration  due to wind

when  towing  oil rigs  to sea  or  during shallow
water  operation.  Since this phenomenon  may

be torsional vibration  induced  by  a  Karman

yortex  occuring  in the  rack  of  the leg, the

anothers  performed  a  study  on  ieg vibration
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           16

characteristics.

4.1 Measured  natural  frequeneies

   There are  two  types  of  leg constructions,

thc double-diagonal type (DD type) and

single-diagonal  type  (SD type), as  shown  in
Fig. I6.
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  Natural

by the authors  are  given in Table 9. The  au-

thors obtained  the  two  lower natural  fre-

quencies of  two  different lengths of  leg re-

serves. Bending  vibration  produced the lower

natural  frequency, and  torsional vibfation  pro-

duced the higher one.  These are  marked  by

B  and  T  respectively  in Table 9. Torsional

vibration  with  the higher frequency occurs

more  often  than  bending vibration  is relation

to the exciting  force of  Karinan vortex  at  the

edges  of  the three code  member.

4.2 CaRculated natural  frequencies

   The  authors  analyzed  the natural  vibration

of  a  leg using  FEM.  In this analysis,  the

boundary condition  at  the bottom end  of  the

leg was  assumed  to have  simple  support.

   Calculatcd natural  frequencies and  mode

shapes  of  thc  leg are  shown  in Table 9, Fig.

17 and  Fig. 18 respectively.  Table 9 shows

good  agreement  between calculated  and  meas-

ured  natvral  frequencies. By  the theoretical

mode  shape  in Fig. 17 and  Fig, 18, the first

and  second  natural  vibrations  are  determined

to be bending and  torsional vibrations,  re-

spectively.

   The  reason  why  there  are  two  mode  shapes

fbr bcnding vi:oration  at the same  frequency
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      Fig. I7 Mode  shape  of  D-D  type Ieg
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firequencies of  the leg measured  Table9 Naturalfrequencyofaleg

Rig name  FIEe-;ltpe
R S
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is that  one  section  of  the leg has six  principal
axes  from an  equilateral  triaRgular. Each

equivalent  moment  of  jnertia surrounding

these axes  equals  each  other.

  Fig. 19 shows  the relation  between the

theoretical  natural  frequencies and  leg length

l. The  first and  second  natural  frequencies

are  proportional to l-2 and  lrmi respectively.
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wave  force.

The wire  cutting  method  is very  useful  for

measuring  the natural  frequency and
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5. Conclllsion

   The  authors  studied  a  few  uncertainties

such  as  the  virtual  mass  of  the  leg, the  eflec-

tive spring  constant  fbr the sea  floor, etc.  to

calculate  the natural  frequency of  a  jack-up
oil rig and  carried  out  vibration  tests of  actual

units.  From  discussion the authors  derived

conclusions  as  foIIows.

(1) It may  be accepted  that the  virtual  mass

    coeMcient  of  a  leg composed  of  circular

    cylinders,  C.,equals 1.0.

(2) In calculating  the natural  frequency of

    the oil rig  in a jacked-up condition,  the

    spring  efiect  should  be taken  into account.

(3) In estimating  the dynamic response  of  the

    oil rig,  the  lowest three natural  frequien-

    cies  govern  the dynamic response,  due to

    logarithmic decrement of  the oil rig. .

(5) The measured  lower natural  frequencies

    are  approximately  proportional to h"3!2

    (h: platform heighO and  M-ii2 (PV: plat-
    fbrm weight)

(6) The  logarithmic decre/ment indicated is

    from O.2 to O.3, which  is larger than  that

    fbr ship's.

(7) The  first and  second  modes  of  the legs

    are  governed  by their bending and  torsion-

    al defbrrnation, respecti/[vely. Their natu-

    ral  frequences are  approximately  pro-

    portional to l"2 (l: leg Iength) and  l"i,,

    respectively.
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