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SUMMARY 

Jack-up o f f s h o r e s t r u c t u r e s have a n a t u r a l p e r i o d which l i e s i n t h e h i g h 
f r e q u e n c y t a i l o f the s p e c t r a o f N o r t h Sea storm waves. T h i s t a x i has 
S i g n i f i c a n t energy and the j a c k - u p may e x p e r i e n c e s i g n i f i c a n t dynamic 

Data have become a v a i l a b l e from f i e l d measurements o f the dynamic b e h a v i o u r 
o f t h e Maersk Guardian j a c k - u p r i g . These d a t a have been compared t o 
s i m u l a t i o n s performed w i t h S h e l l ' s t ime domain dynamic a n a l y s i s program 
•DYNAL'. A s i m p l i f i e d model of the Maersk Guardian has been developed, and 
has been used i n the s i m u l a t i o n s under e n v i r o n m e n t a l c o n d i t i o n s s i m i l a r t o 
those d u r i n g t h e measurements. 
A comparison has been made between t h e s i m u l a t e d and the measured deck 
a c c e l e r a t i o n s and l e g f o r c e s , by examining s p e c t r a and time h i s t o r i e s . Th. 
r e s u l t s o f the s i m u l a t i o n s were i n re a s o n a b l y good agreement wxth t h e 
measurements. F u r t h e r r e s e a r c h on the damping, the deck t o l e g c o n n e c t i o n 
and t he f o u n d a t i o n s t i f f n e s s i s d e s i r a b l e . 
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1. INTRODUCTION 

.aoK-up pl.t£o.»s m o p e r a t i o n o„ a wiae s c U , . e n ^ . l l y .n sha low 
\ L t . a n 100 . e u . s ae p t . , . A i - c . - u p i s a i s t l n . u l s K e . f r o . ...ea 

.„ch as j a c k e t s , by t h , r e l a t i v e eas. w i t h which i t can b. » v e a 
water 
s t r u c t u r e s , ou^^^ • -

o n . l o c a t i o n t o a n o t h e t . The aeo. ot t h , :ac.-up can be t a e 
low e t e a r e l a t i v e t o i t s l e , s b , .eans o t t h e ,acU„, .echanrs» 
,0, The aec. i s a t i t s l o w e s t p o s i t i o n a u t i n g t r a n s p o r t a„a f l o a t s I r k e 

T i , > The l e , s o f the i a c . - u p a r e .ovea aown.ara a u r i n , i n s t a l l a t r o n 

: :;:::;::„ch the\otto„ o t t h , se», . r t h e r . a c i n , r a i s e s t h e ae . ont 

o f t h e w a t e r . When i t has reachea i t s w o r . i n , h e i g h t t h e aeck w r l l 

clamped t o the l e g s . 

Tan.s a t t h e aec. are t e . p o r a r , f i l l e a w i t h water b e f o r e t h e Jac.-uP w i l l be 
o p e l i v e , t o p r e l o a a the f o n n a a t i o n ana ensure a c e r t a i n b e a r i n g c a p a c r t . 

1 and 

o f t h e ground 

s i n c e t h e l e g s o f a Jao.-np are o n l , connectea t o — ^ - ƒ 
the s t i f f n e s s o f a jack-„p i s r e l a t i v e l y s . a l l co.parea t o t h a t o f a :a e t 

t n c t n r e . The lowest n a t u r a l f r e g u e n c , of a J.c.-up platfor» i s t . p r c . U , 
1„ t h e h i g h f r e g u e n c , t a i l o f t h e water s u r f a c e e l e v a t i o n s p e c t r u . o f 

O S. T i s t a i l has s i g n i f i c a n t energy ana thus causes a y n a . i c response o f 

th e j a c k - u p p l a t f o r m 

• i . K i o f n r the e s t i m a t i o n o f t h e dynamic 
s e v e r a l computer programs a re a v a i l a b l e f o r 
be h a v i o u r o f J.cH-ups. The most s o p h i s t i c . t e a program . v a r i a b l e 

Which performs n o n - l i n e a r , tlme-aomaln, dynamic a n a l y s i s 

under t h r e e - d i m e n s i o n a l wave l o a d i n g . 

S h e l l ana K..o„ have performea f i e i a - m e a s u r e . e n t s of the aynamic response o f 

, Jack-up p l a t f o r m which ma.es i t p o s s i b l e t o t e s t t h e aynamic a n a l y s i s 

moaels i n DÏNAL w i t h t h e measured aynamic b e h a v i o u r . 
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The aim of the p r e s e n t s t u d y i s t o p e r f o r m such a comparison and t o develop 
an a c c u r a t e model which may be used f o r the a n a l y s i s o f extreme sea 
c o n d i t i o n s . However, some r e s t r i c t i o n s have t o be c o n s i d e r e d : 

- t he data on which t h i s comparison i s based are o b t a i n e d f r o m measurements 

i n r e l a t i v e l y m i l d sea c o n d i t i o n s , which may make any subsequent 

a p p l i c a t i o n t o extremes q u e s t i o n a b l e , 
- t he comparison i s made f o r measurements f o r o n l y one storm and one 

p a r t i c u l a r j a c k - u p . 

T h i s r e p o r t w i l l d i s c u s s t h e f o l l o w i n g s t e p s : 

- a d e s c r i p t i o n o f the jac k - u p Maersk-Guardian and the measurement programme 

as performed by S h e l l and Exxon; 
- a s h o r t d e s c r i p t i o n o f t h e main f e a t u r e s o f the DYNAL program; 
- a g e n e r a l d e s c r i p t i o n o f the main i n p u t - p a r a m e t e r s r e q u i r e d f o r the 

DYNAL program; 
- a d e s c r i p t i o n o f the model of the Maersk-Guardian and t h e 

t h r e e - d i m e n s i o n a l wave l o a d i n g model; 
- a s e n s i t i v i t y a n a l y s i s o f the model; 

- a comparison of the measured and p r e d i c t e d g l o b a l responses o f the j a c k -

up; 
- some c o n c l u s i o n s and remarks on the next steps t o be t a k e n . 
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SURVEY OF THEJACK-UP AND THE MEASUREMENTS 

MAERSK GUARDIAN 

The Maersk Guardian and i t s s i s t e r 'Maersk G i a n t ' a r e independent t h r e e l e g , 
s e l f e l e v a t i n g , c a n t i l e v e r , j a c k - u p , d r i l l i n g r i g s o f t h e H i t a c h i Zosen 
d e s i g n . The t o t a l mass of the deck i s a p p r o x i m a t e l y 16.000 tons w h i l e t h e 
le g s have a mass of about 1.600 tons each. 

Some dimensions a r e : 

Length o v e r a l l 
Width o v e r a l l 
Length o f l e g s 

84,6 m 
90,0 m 

156,8 m 

Some we a t h e r / d e s i g n c r i t e r i a a r e : 

Water depth 
Wind speed 
Leg p e n e t r a t i o n 
C u r r e n t ( s u r f a c e ) 
A i r gap 

106,7 m 
45,0 m/s (87 k n o t s ) 

5,0 m 
0,8 ra/s 

21,0 m 

MEASUREMENTS ON MAERSK GUARDIAN 

Duri n g t he w i n t e r o f 1988-1989 f i e l d measurements were made on t h e Maersk 
Guardian j a c k - u p r i g , l o c a t e d a t S i l v e r P i t Block 44/26-D, i n the s o u t h e r n 

X t 
programme 

Research Co. (EPR), f o r S h e l l Expro, o p e r a t o r o f t h e She l l / E s s o j o i n t f i e l d s 

i n t he U.K. s e c t o r o f the N o r t h Sea. 
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The Maersk Guardian a t the S i l v e r P i t l o c a t i o n was s i t u a t e d on a f i r m sandy 
bottom i n 70,1 m (230 f t ) water. Data each were c o l l e c t e d d u r i n g f o u r 
i n t e r e s t i n g storms. The main f e a t u r e s of these storms have been l i s t e d i n 
t a b l e 1. 
The maximum i n d i v i d u a l wave h e i g h t measured i s about 6,1 m (20 f t ) which i s 
s i g n i f i c a n t l y l e s s than the d e s i g n wave of 18,3 m (60 f t ) . 

A l l d ata segments have a d u r a t i o n of one hour w i t h a sample f r e q u e n c y o f 
2 Hz. S t r a i n gages were i n s t a l l e d a t chord members (6 gages per chord) t o 
o b t a i n a x i a l f o r c e s , w h i l e s t r a i n gages a t brace members were used t o 
o b t a i n shear f o r c e s (2 gages per brace member). A l l d a t a was reviewed t o 

the data was f r e e o f n o i s e . The s t r a i n gages were t y p i c a l l y a c c u r a t e 

t o w i t h i n 2 p e r c e n t . For more i n f o r m a t i o n on the da t a p r o c e s s i n g and t h e 

measurements see r e f . 1. 

The q u a n t i t i e s o b t a i n e d d i r e c t l y from measurements on the j a c k - u p were ( 

f i g . 5 and 6 ) : 

- a x i a l l e g f o r c e s , u s i n g s t r a i n gages on chords i n bay 7 and 19; 
- shear f o r c e s i n the le g s near the de c k - l e g c o n n e c t i o n , u s i n g s t r a i n gages 

on braces i n bay 19 and 23; 
- deck a c c e l e r a t i o n s , u s i n g two a c c e l e r o m e t e r s l o c a t e d on the deck, b o t h 

measuring two a c c e l e r a t i o n s i n mutual p e r p e n d i c u l a r d i r e c t i o n s . 

- c u r r e n t v e l o c i t y , u s i n g two c u r r e n t meters, b o t h measuring i n two 

h o r i z o n t a l d i r e c t i o n s ; 
- wave h e i g h t , u s i n g wave sensors a t two l o c a t i o n s on the deck; 
- wind speed and d i r e c t i o n , u s i n g the anemometer a t t o p o f the d e r r i c k . 

These q u a n t i t i e s have been s t o r e d on r e c o r d s which were a v a i l a b l e a t KSEPL. 
A F o r t r a n program has been w r i t t e n which p r e p a r e s t h e i n p u t f o r an e x i s t i n g 
program which produces p l o t s o f time h i s t o r i e s and s p e c t r a . 
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The l o w e s t n a t u r a l f r e q u e n c i e s o f the j a c k - u p can be e s t i m a t e d f r o m t he 
deck a c c e l e r a t i o n s p e c t r a . F i g . 7 shows the measured s u r f a c e e l e v a t i o n 
spectrum i n c o m b i n a t i o n w i t h t he a c c e l e r a t i o n spectrum o f the bow i n x and 
i n y d i r e c t i o n . Three d i f f e r e n t f r e q u e n c i e s may be d i s t i n g u i s h e d i n the 
s p e c t r a . The f i r s t f r equency corresponds t o t h e dominant peak of t h e s u r f a c e 
e l e v a t i o n spectrum, w h i l e the o t h e r f r e q u e n c i e s correspond t o n a t u r a l 
f r e q u e n c i e s o f the s t r u c t u r e . Since a t the bow the y d i r e c t i o n i s normal t o 
mo t i o n generated by r o t a t i o n i t i s obvious t h a t t he second f r e q u e n c y 
corresponds t o a bending mode, w h i l e t h a t t h e t h i r d f r e q u e n c y corresponds t o 
a t o r s i o n a l mode. 

Besides t h e e s t i m a t i o n o f the n a t u r a l f r e q u e n c i e s , some e s t i m a t e o f the 
damping r a t i o may be made from t he response s p e c t r a as w e l l . T h i s w i l l be 
di s c u s s e d i n appendix A6. 

f 
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DYNAMIC 

3.1. GENERAL FEATURES 

DYNAL I I I i s the t h i r d g e n e r a t i o n o f a computer program f o r t h e dynamic and 
s t a t i c a n a l y s i s o f t h r e e - d i m e n s i o n a l o f f s h o r e s t r u c t u r e s . S e v e r a l dynamic 
loads can be a p p l i e d t o the s t r u c t u r e i n c l u d i n g s e i s m i c l o a d s , wave loads or 
any o t h e r user d e f i n e d p e r i o d i c l o a d . The r e a l s t r u c t u r e i s r e p r e s e n t e d by a 
m u l t i degree-of-freedom system f o r which t h e dynamic response i s governed by 
th e f o l l o w i n g coupled d i f f e r e n t i a l e q u a t i o n s o f m o t i o n : 

[M] {U} + [C] { 0 } + [K] {U} = { F ( t ) } 

= mass m a t r i x 
[G] = damping m a t r i x 
[ K ] = s t i f f n e s s m a t r i x 
{ u } = displacement v e c t o r 
{ F ( t ) } = a p p l i e d l o a d v e c t o r 

DYNAL s i m p l i f i e s t he s o l u t i o n o f the eq u a t i o n s o f mot i o n by i g n o r i n g t he o f f 

d i a g o n a l mass terms i n the mass-matrix. 

For wave or o t h e r time v a r y i n g l o a d i n g t h r e e s o l u t i o n methods 

a v a i l a b l e : 

1 . s t a t i c response i n t h e time domain 
2. modal s u p e r p o s i t i o n i n the time domain 
3. modal dynamic w i t h s t a t i c c o r r e c t i o n i n the time domain (=mode 

a c c e l e r a t i o n method) 

1 . S t a t i c response: 

Dynamic e f f e c t s are n o t ta k e n i n t o account; t he ( q u a s i ) s t a t i c response 
c a l c u l a t e d a t every time s t e p t h a t t he f o r c e i s e v a l u a t e d . 
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2. Modal s u p e r p o s i t i o n : 

The dynamic response o f the m u l t i degree-of-freedom system i s a n a l y s e d by 
u n c o u p l i n g t h e coupled d i f f e r e n t i a l e q u a t i o n s . Each uncoupled s i n g l e degree-
of-freedom e q u a t i o n corresponds t o a mode shape and a n a t u r a l f r e q u e n c y . The 
t o t a l response i s the sum o f these v i b r a t i o n modes. For l a r g e o f f s h o r e 
s t r u c t u r e s i t i s expensive and i m p r a c t i c a l t o i n c l u d e a l l t he modes i n t h e 
s o l u t i o n . The g l o b a l response however i s determined by o n l y t h e f i r s t few 
(lower f r e q u e n c y ) modes. T h e r e f o r e o n l y a few modes o f v i b r a t i o n are used i n 
the t o t a l s o l u t i o n . However, h i g h e r modes may be i m p o r t a n t f o r c a l c u l a t i o n 
o f l o c a l d e f o r m a t i o n p a t t e r n s and thus l o c a l s t r e s s e s . 

3, Modal dynamic w i t h s t a t i c c o r r e c t i o n 

T h i s method i s a v a i l a b l e t o improve the pure modal s u p e r p o s i t i o n e s p e c i a l l y 
f o r the c a l c u l a t i o n o f l o c a l s t r e s s e s . I n a system v i b r a t i n g a t low 
f r e q u e n c i e s t he h i g h e r f r e q u e n c y modes w i l l not c o n t r i b u t e t o t h e i n e r t i a 
and damping f o r c e s . The response o f the h i g h e r modes i s th u s e s s e n t i a l l y 
s t a t i c . By u s i n g f i r s t the pure modal s u p e r p o s i t i o n method t h e i n e r t i a 
f o r c e s are c a l c u l a t e d and added t o the a p p l i e d f o r c e s . A f t e r t h a t an 
improved displacement p a t t e r n o f the s t r u c t u r e i s c a l c u l a t e d f r o m a 
s t r a i g h t f o r w a r d s t a t i c a n a l y s i s . 

DYNAL i s a program which r e q u i r e s two, major, u s e r - d e f i n e d i n p u t s . The f i r s t 
i s t h e d e s c r i p t i o n o f the s t r u c t u r e ( s t r u c t u r a l m o d e l ) , i n c l u d i n g p r o p e r 
j o i n t s , j o i n t c o n n e c t i n g members, e x t r a masses, f o u n d a t i o n s t i f f n e s s , and 
l e g t o h u l l s t i f f n e s s The second i s the d e s c r i p t i o n o f t h e e n v i r o n m e n t a l 
c o n d i t i o n s ( s e a - s t a t e model), i n c l u d i n g w a t e r - d e p t h , wave h e i g h t s and 
c u r r e n t - v e l o c i t i e s , wind-loads and o t h e r e n v i r o n m e n t a l c o n d i t i o n s a f f e c t i n g 
t h e behaviour o f t h e s t r u c t u r e , such as loads due t o the o p e r a t i o n o f the 
o f f s h o r e p l a t f o r m . 
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3.2. STRUCTURAL MODEL 

3.2.1 I n t r o d u c t i o n 

The s t r u c t u r e w i l l be modelled by d e f i n i n g j o i n t s and members c o n n e c t i n g 
these j o i n t s . DYNAL d i s t i n g u i s h e s members which c a r r y wave loads (wave l o a d 
members) and members which do not ( s t r u c t u r a l members). The l a t t e r 
c o n t r i b u t e o n l y t o the s t i f f n e s s and mass o f the s t r u c t u r e w h i l e t h e f i r s t 
o n l y c o n t r i b u t e t o the l o a d i n g . I n some cases the two ty p e s can be combined 
i n t o one c a r r y i n g wave l o a d as w e l l as c o n t r i b u t i n g t o the mass and 
s t i f f n e s s o f the s t r u c t u r e . 

3.2,2. Members 

s t r u c t u r a l members 

There are t h r e e b a s i c types o f s t r u c t u r a l member a v a i l a b l e : 

1. c i r c u l a r members 
2. n o n - c i r c u l a r members 
3. shim or pseudo members 

The f i r s t tupe i s d e f i n e d by i t s diameter and w a l l - t h i c k n e s s w h i l e t he 
second one i s d e f i n e d by i t s c r o s s - s e c t i o n a l area, shear a r e a , and moments 
o f i n e r t i a , bending as w e l l as t o r s i o n a l . The t h i r d member type o n l y 
t r a n s m i t s f o r c e s by means o f a s p r i n g from one j o i n t t o t h e o t h e r . The shim 
type has a zero l e n g t h and t r a n s m i t s f o r c e s o n l y i n a h o r i z o n t a l plane 
( g l o b a l X and y d i r e c t i o n s ) , employing a u s e r - g i v e n s p r i n g s t i f f n e s s . The 
pseudo member type t r a n s m i t s f o r c e s as w e l l as moments i n a l l d i r e c t i o n s 
( r o t a t i o n a l as w e l l as t r a n s l a t i o n a l ) employing u s e r - g i v e n s p r i n g 
s t i f f n e s s e s , 



- 9 -

f l u i d l o a d i n g members 

F l u i d l o a d i n g members have no w e i g h t a s s o c i a t e d w i t h them, and o n l y c a r r y 
wave l o a d i n g . The p r o p e r t i e s o f these members can be g i v e n as a diameter f o r 
a c i r c u l a r c y l i n d e r or as p r o j e c t e d area per u n i t l e n g t h and volume per u n i t 
l e n g t h p a r a l l e l t o the member a x i s i n case of n o n - c i r c u l a r members. The 
p r o j e c t e d area i s assumed t o be independent o f the d i r e c t i o n o f f l o w - a t t a c k . 
Marine growth t h i c k n e s s can be s p e c i f i e d and w i l l i n c r e a s e t h e diameter i n 
the f i r s t case and i n i t i a t e t he use of rough M o r i s o n c o e f f i c i e n t s . For non-
c i r c u l a r members the user has t o e s t i m a t e the increment o f the p r o j e c t e d 
area and volume due t o marine g r o w t h . 

3.2.3. J o i n t s 

Three types of j o i n t s can be d i s t i n g u i s h e d : 

1. standard j o i n t 
2. f i x e d boundary j o i n t 
3. s p r i n g s u p p o r t e d boundary j o i n t 

A s t a n d a r d j o i n t has s i x degrees of freedom ( x - , y - and z- t r a n s l a t i o n s and 
r o t a t i o n s about t h e x-,y- and z - a x i s ) . For a f i x e d boundary j o i n t , t he 
number of degrees of freedom can be c o n s t r a i n e d f o r each j o i n t by f i x i n g one 
or more g l o b a l degrees of freedom. S p r i n g s u p p o r t e d boundary j o i n t s are 
c o n s t r a i n e d by s p r i n g s t h a t r e s t r a i n the movement i n the g l o b a l c o o r d i n a t e 

system. 

3.2.4. Mass 

There are two ways t o d e a l w i t h t he lumping o f t h e masses, which can be 
combined. The f i r s t one i n v o l v e s the lumping o f t h e masses a t t h e j o i n t s and 
i s performed by the program i t s e l f ; w h i l e the second o p t i o n i n v o l v e s 
a p p l y i n g user c a l c u l a t e d ( e x t r a ) masses a t the j o i n t s . I n t h e f i r s t case 
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. i r n l a t e s t he mass i n e r t i a about the j o i n t by 

c o n s i d e r i n g one hal£ o£ the 
.he nset given e . t r , . . . - - ^ " ^ ^ ^ .he m e . e t , 

r . . . . e t o . e o . :::::::: :::̂ :::ro:"ih:::i::rr̂ ^̂ ^̂ ^̂ ^̂ ^ . o n . . 

I c u l a t e d by the user . 

3.2.5. Dam£in 

, t o be viscous and i s s p e c i f i e d as the f r a c t i o n 
S t r u c t u r a l da.ping i s assumed t o ...„-aimenslonal random 

the c r i t i c a l da.pmg f o r each - ' ^ ^ ^ l ^^^^, 

- ' " - t "trerrhirisT/iLluding the s t r u c t u r e motion i n „orison. 
r e l a t i v e v e l o c i t i e s , t h a t i s y 
wave f o r c e e q u a t i o n 

3.3. SEA STATE MODEL 

3.3,1. T n f r o d u c t i o n 

• •nnut i s the d e s c r i p t i o n o f the sea s t a t e f o r t h e The second ma.or i n p u t xs y ^^^^^^ ^^^^ 
c a l c u l a t i o n o f t h e wave k i n e m a t i c s requxred t o o b t a x n 

Morison's e q u a t i o n 

3,3,2. Waveloading mod_els 

^hP s t r u c t u r e under t w o - d i m e n s i o n a l 
„ o ™ . b i t i s p o s s i b l e t o analyze the s t ^^^^^^ 
i n r t r» ^..„.^^„„slonal, i r r e g u l a r , r a n d o. «ave 
.egular wave l o a d i n g or under t h ee d ^^^^^ ^ 

l o a d i n g , m t h e f i r s t case wave ^ _ 
.q^nkes- f i f t h o r d e r . A i r y or Chappeiear wave t h e o r y (StoKes LXJ-U 
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X„ t h , seoohd case »a,e c i n e m a t i c s i n p u t has t o he c a l c u l a t e d by a separate 
O L c a n e d o™sc«» which uses i t s module GB»K..T. t o c a l c u l a t e r an o» 

i n e m a t i c s trom a u s e r - d e t i n e d d i r e c t i o n a l s u r f a c e e l e . a t i o n spectrum. 

(MWL) 

v e r t i c a l 

However, the . i n e m a t i c s i n the c r e s t s , above the MW., are v e r y n 
f o r the wave f o r c e c a l c u l a t i o n . Thus DYNAL has s e v e r a l o p t i o n s f o r 
e s t i m a t i n , the Kinematics i n the wave c r e s t s , l i n e a r e x t r a p o l a t i o n 
e x t r a p o l a t i o n and the so c a l l e d d e l t a s t r e t c h i n g . The l a t t e r o p t i o n 

an e m p i r i c a l e x t e n s i o n of the t h e o r e t i c a l wave Kinematics t o the f r e e 

s u r f a c e (see f i g 8) 

..o . t he c a l c u l a t e , wave k i n e m a t i c s 0.... c a l c u l a t e s t h e f o r c e 
o H h e s t r u c t u r e u s i n g the Morison e q u a t i o n w i t h user g i v e n drag and i n e r t i a 

c o e f f i c i e n t s , i n c l u d i n g r e l a t i v e v e l o c i t i e s i f r e q u i r e d . 

3.4. DESCRIPTION OF 'GENERATE' 

3.4.1. I n t r o d u c t i o n 

K- h nonprates wave k i n e m a t i c s t h a t match an 
GENERATE i s a program which generates ^^^^ 
i r r e g u l a r random sea s u r f a c e . The program needs as i n p u t 
of the s t r u c t u r e , t h a t i s the J o i n t s and the members c o n n e c t i n g these 
!i„ts a t h r e e - d i m e n s i o n a l g r i d which covers t h a t p a r t o f t h e sea where 
:::: L e m a t i c s Should be c a l c u l a t e d , a wave spectrum and i n f o r m a t i o n on the 

c u r r e n t . 

rr. fhP a b i l i t y t o generate wave k i n e m a t i c s A s o e c i a l f e a t u r e o f t h e program i s t h e a b i l i t y y 
d/o u r f a c e e l e v a t i o n s i n the time domain such t h a t t h e y f i t a measure 

and/or s u r f a c e ^^^^^^^ ^^.^ ^^^^^^ c o n d i t i o n e d 

: : : i : : ~ rZ::::^^^ an o r d ^ a r y t i m e domam g e n e r a t i o n o f wave 

k i n e m a t i c s 
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r 

3.4,2. 'GENERATE' i n p u t 

j o i n t s and members 

f o r t h e GENERATE i n p u t as w e l l . 

g r i d 

Of p o i n t s use., .he ia„est f o t o e s a c t . n , on ' ' 

.he.e the «atet p a t t i c i e v e l o c i t i e s an. ^ 
sea s u r f a c e . Moreover, t h e K i n e . a t r c s have t h e . r steepes 

near t h e sea surr«c.. decrease f r o m mudline 
,f„-e Thus t h e g r i d p o i n t spacrng s h o u l d decrease 

: : : : : : : : i i e t e s s u p e r f l u o u s . . . p o i n t s t o . n i . . t h , 

number of p o i n t s a t which k i n e m a t i c s have t o he c a l c u l a t e d . 

wave s p e c t r u 

.•r.r,. f o r the wave spectrum. A u s e r - d e f i n e d one 
GENERATE has s e v e r a l o p t i o n s f o r the P , . i n o u t or 

the d e f a u l t P ierson-Moskowitch or JONSWAP f r e q u e P ^̂ ^̂ ^ ^^^^^ 
w i t h one of the d e f a u l t d i r e c t i o n a l s p r e a d i n g f u n c t i o n s (Von Mises 

sprea d i n g , cosine power spreading and wrapped nor»al spreadrng . 
. U f u n c t i o n s are dependent on fr e g u e n c . and angle w.t re s e t 
c e n t r a l d i r e c t i o n . The c e n t r a l d i r e c t i o n angle ma, a l s o d . f f e r 

f r e q u e n c i e s 

The u s e r - d e f i n e d o n e - d i m e n s i o n a l f r e q u e n c . spectrum can a l s o be used i n 

c o m b i n a t i o n w i t h t h e d e f a u l t s p r e a d i n g f u n c t i o n s . 

Xf t h e r e i s a c u r r e n t a t mean water l e v e l , GENERATE may account f o r t h e 
. .^na t h a t t he i n p u t f r e q u e n c y spectrum i s s p e c i f i e d m 

Doppler s h i f t by assuming t h a t P 
a r e f e r e n c e frame, moving w i t h t h e c u r r e n t ( s h i f t - o f f ) . 

r e f e r e n c e frame ( s h i f t - o n ) . 
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3.4.3. 'GENERATE' s i m u l a t i o n t e c h n i q u e s 

i n t r o d u c t i o n 

.„o a l f t e r e n t s i m u l a t i o n teohnigues be a i s t i n g u i s h e a : the so o a l l . a 
. ^ - n r d i n a r v ' t i me domain s i m u l a t i o n s , c o n d i t i o n e d s i m u l a t i o n t e c h n i q u e and the o r d i n a r y 

The c o n d i t i o n e d s i m u l a t i o n t e c h n i q u e i s more time consuming and more 

i n p u t i s r e q u i r e d , b u t i s l i k e l y t o g i v e more a c c u r a t e r e s u l t s 

simple t i m e domain s i m u l a t i o n s 

i n a simple time aomain „ave s i m u l a t i o n , the program uses i n v e r s e Fast 
J l e r r a n s t o r m a t i o n o£ the surta o e e l e v a t i o n speotrum t o aetermrne „ave 
m p l i t u a e s t o r eaoh treguenc,: i t s i m u l a t e s an i r r e g u l a r „ave surt a o e a„a 

e Kinematics h , summation o t the a i t t e r e n t c o n t r i b u t i o n s 
Phases t o r each c o n t r i b u t i o n . The Kinematics as generatea rn a srmple trme 

s i m u l a t i o n a l „ a . have the c o n s t r a i n t t h a t the - e c t r u m 
t-hP f r e a u e n c v spectrum used as i n p u t . The wave the s i m u l a t e d sea must match the fr e q u e n c y y . . u 

e a t i c s generatea i n t h i s „a, are c a l c u l a t e a i n t h e time ao.a.n t o r each 
pomt Ina s t o r e , m t e r n a l l , t o r use as i n p u t t o the D ^ . l program. 

c o n d i t i o n e d s i m u l a t i o n s 

When 
i n c o n a i t i o n e a s i m u l a t i o n t e c h n i q u e s , the program uses i n t o r m a t r o n on 
„easurea v a r i a b l e t o improve i t s ranaom s i . u l a t i o n o t the s e . s u r t a o e 
, t = e r t . i n gria p o i n t s „.ve Kinematic records . r e . v . l l . b l e from, t o r 

l e measurements, GYRATE has the a b i l i t y t o use t h i s time r e c o r a as a example, measuremeriT^t., o T^NFRATE 
c o n s t r a i n t . c o n a i t i o n t h e v a r i a b l e , t o r the s i . u l . t e a Krnematrcs^ — 
„ l e s t o minimi.e the e r r o r bet„een the s i m u l a t e a Kinematrcs a„a t h . 
c o n a i t i o n e a Kinematics a t these p a r t i c u l a r p o i n t s . 

An a b s t r a c t o t t h e t h e o r e t i c a l bacKgrouna i s g i v e n i n appenaix A4. 
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.,r.r.^r THE MAERSK_^UARDIAN 

•h,a above «ill be aisouesed here ae t h e , have been 
The . a j o t i n p u t s desor.bed above ^^^^^^^^ 
t o t m u l a t e d t o t the Mae.sK Gua.d.an aoK P ^^^^^^ 

STRUCTURAL MODEL OF THE MAERSK GOARDIA» 

4.1.1. i n ^ r o d u c l i o n 

.ed t o g i v e the most aocurate r e s u l t s when the 
« e DY.AL program i s expect d " and 
. o d e l i s c l o s e s t t o the r e a l - h s t r u o O • ^^^^^ ^^^^^^^ 
a e s i r a b l e t o simpUE, the model such t h a t r ^^^^^^^^^ ̂ ^^^ 

„inlmal c o s t s . Thus some ^^-^''^"^^J^ „ wave m o t i o n , 
lumping p r o p e r t i e s (such as l e g 

„ithout l o s i n g too much ,„„,.„,e such as motion 
comparisons ot the g l o b a l " ; ,„ces i n a l e g . 
o t the deck, o v e r t u r n i n g moment, base 

A Sketch o t the model d e s c r i b e d on ^ tJl^^^ ^ r l v i t . 
The o r i g i n o t the g l o b a l x and , axrs s r t u 
„t the t r i a n g l e corresponding t o the t h r e e l e g s . <se 

4.1.2. Modellina_o£_theJ^ 

. a t h r e e - l e g g e d s t r u c t u r e . Each l e g i s composed o t 
.he Maersk Guardran rs 
.„,ee v e r t i c a l ,or chord, — , ,,,h l e g terms 32 
h o r i z o n t a l and d i a g o n a l brace members A ^^^^ ̂ ^^^ ^^^^ ̂ ^^^ ̂  
ha,s and t h e r e i s the t y p i c a l spud can a t ^^^^^ 

14, has t h r e e h o r i z o n t a l brace members. 
t h r e e v e r t i c a l c o r n e t p o s t s . 
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S t r u c t u r a l members 

„„i,.l.nt stl«.«ses. ,.ch 1.,^^^^^^^ ^^^^ ^^^^^^ ^^^^^^^ 

connected tneee e,„ a e t e »^ ^^^^^ ^^^^ ^^^^ ^^^^^^^^„^ 
s t l f f n e s e e e , the maes o£ the s t e e l ^^^^ 
heam a t e not n e c e s s a t U , the same as those o t 
i s necessary t o c a l c u l a t e the lumped »ass 

É 

( S t e e l and added mass) o f e a c h bay 

and add t h i s as 
i r r a t elch . o m t , .he mass o t the e q u i v a l e n t heam 

Should then be t r e a t e d as z e r o I n DY^L. 

a s s lumping: 

h;,v the f o l l o w i n g c o n t r i b u t i o n s 4-.fnnn of t h e lumped mass per bay tne I n t he co m p u t a t i o n or rae 

have been e s t i m a t e d : 

- mass of t h e s t e e l . 
- added mass (see appendix A2) 

- marine growth has been n e g l e c t e d as 
diameter increment. However, i t i s s p e c i 

water l e v e l t o i n i t i a t e t h e use o f 

a c o n t r i b u t e t o mass as w e l l as member 
f i e d f o r members below mean 

the rough Morison c o e f f i c i e n t s . 

An overview of the masses 
computed per bay i s g i v e n i n t a b l e 2 

a d d i t i o n a l f o r c e s 

- buoyancy (members are c o n s i d e r e d 

has been c a l c u l a t e d as an 
- o t h e r a d d i t i o n a l l o a d i n g such as 

t o have no water i n them and buoyancy 
f o r c e a c t i n g upward). 
wind l o a d i n g w i l l be o m i t t e d i n the model 
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S t i f f n e s s lumping 

1 =>roa shear area as w e l l as each . a . an e q u i v a l e n t cross . e c . o n a a a,^s^^ ^^^^ ^^^^ 

e q u i v a l e n t bending s t i f f n e s s e s and t o r , . , . . , a t i o n s 
For t he overvi e w o f t h e q u a n t i t i e s o f the 

used, see appendix A3 and t a b l e 3. 

•11 d i f f e r from those on t h e 
The hydrodynamic l o a d s on the e q u i v a l e n t d i s t i n g u i s h s t r u c t u r a l 

:::::: : : r ; : : : : : r . u . . . . . ^ o . . . 
wave l o a d i n g members 

t-on i s use. by O V » . f o r the computation o£ the f o r c e s on a 

'::7Z:ZZ. ... . c i r c u l a r . i m a e r , w i t h a f i u i . v e i o c i t y u 

: an a c c e l e r a t r o n . P e r p e n . i c u i a r t o the member a x i s the e q u a t i o n has the 

form: 

F = B u l u + A u 
u n i t l e n g t h 

B 
A 

= 0.5 p Cd D 
= 0.25 p TT cm 

p = d e n s i t y o f ( s e a ) w a t e r 
Cd = drag c o e f f i c i e n t 
D = c y l i n d e r d i a m e t e r 

= i n e r t i a c o e f f i c i e n t Cm 

t h e f o r m u l a f o r an e q u i v a l e n t b am — ^ - : ^ „ ^ ^ „ „ 

..„„.utions ;i^:::z::zz::. j . . . . . . . . . . 

t h a t e q u i v a l e n t »• , . . . s , an. t h e c i r c u l a r 
members, namely the corne p ^^^^ ^^^^^^ 

r t h - r e t a - c r m r e r h : : : . can be rough or not .epen.ing on the 
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„„l„.-,.„wth p r o f i l e . TO Keep t h i s . i s t i n o t i o n . oh. — ^ " \ 
.eptesehtea by two e , u i v , i e h t h.a.s. Ohe o a r . y i h , the „ave t o t o 
o o t h e t posts ahd the o t h e r t h a t o t t h . braoe . . . b e t s . Because ot the 
a i t t e t e h t o r i e n t a t i o n o£ the brace ...hers and the r a c k s , so»e 
approximations have t o be made, these l . a a t o the t o U o w r n , f o r m u l a . 

lumpea c o e f f i c i e n t s B and A (see appendix A 5 ) i 

corner p o s t : 

Bcp = . I i AREAcp.Cd p, 

Acp =.?i VOLUMEcp^Cm p, 

AREAcp. = area per u n i t l e n g t h 

V0LuMEcp.= volume per u n i t l e n g t h 

= c o r n e r p o s t number 

brace members: 

Bbm = 0.5 p Cd Di ( 1 - s i n a ^ i c o B ^ ^ i ) ^ / L i } /Lb 

Abm = {,1; 0.25 p cm D i ^ ( 1 - s i n ^ ^ i c o s ^ ^ i ) L i } / L b 

Di 

= member number i 
= diameter o f member i 

L i = l e n g t h o f member 

0 i 

Lb 

= o r i e n t a t i o n o f member i (see f i g . 14) 

= o r i e n t a t i o n w i t h r e s p e c t t o f l o w d i r e c t i o n (see f i g . 14) 

= h e i g h t o f one bay 
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4.1.3. M o d e l l i n g o£ the deck 

a.c. „ i U be coneiaerea .s i n f i n i t e l y s t i f f co.patea t o tbe l e g s . Again 
Ibe w r l „^,,,t the -ass 
the deck members w i l l be t r e a t e a 
of the aeok »ill be aaaea as e x t r a masses a t the deck j o i n t s . 
1 p o s i t i o n Of the lumpea aeck masses i n the h o r i z o n t a l plane aoe not 

1 enoe s i g n l f i o a n t l y the e s t i m a t i o n of n a t u r a l ^"^^^-^^^Z.. 
t h e f i r s t benalng modes. I f a l l the mass of the aeok rs lumped a t he t r 
Of g r a v i t y of the deok, the n a t u r a l p e r i o d i s l e s s t h a n 1,0 pe r c e n t lower 
t h a n i f a n the mass i s lumped a t the t h r e e corners of the deck. 
The n a t u r a l p e r i o d o f the f i r s t t o r s i o n mode however - -

than 57 percent l a r g e r . The deck mass w i l l be lumped i n such a way t h a t more than 57 percent g ^^^^ ^.^^ ^^^^^ 
the e s t i m a t e d n a t u r a l p e r i o d of the t i t s t 
measured valu e of 3,45 seconds. 

, t a l l the mass i s lumped at the h i g h e s t 30int ( i o i n t .10.4, then the 
Tending mode p e r i o d i s l e s s than 4 percent l a r g e r t h a n i f a l l the mass rs 

lumped a t the lowest deck j o i n t ( j o i n t U014, 

.he g r a v i t y loaa from the h u l l mass i s not e q u a l l y a i s t r i b u t e d over the 
^ ^ ^ ^ . ̂ 1 „ ^̂ /-Hon-H n r . T h i s 

i s i n t h e l a t t e r case 

m the p o s i t i v e . . . . . . . . . . . . . . . . . . . ™ 
( t a h l e 4 ) , hence the c e n t r e of g r a v i t y i s e c c e n t r i c . 

i n t h e n e g a t i v e y d i r e c t i o n . 

A n^H an un-equal d i s t r i b u t i o n o f the T h i s e c c e n t r i c i t y has been modelled by an un equ 
. t t he t h r e e j o i n t s which correspond w i t h t he t h r e e c o r n e r s o f t h e masses a t the t h r e e 301 ^ ^ ^ ^ ^ ^ 

deck ( j o i n t 1091, 1092 and 1093). An overview o f t h e lumpe 

the member p r o p e r t i e s i s g i v e n i n t a b l e 5. 
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4 .1,4. ...nMerk and r.nnnectlons 

Both t h . s t l t t n e s a o t t h e f o u n d a t i o n o. i e , / a o i l o onnection and the 
r i t t n e e a o t the oonneotion hetween the i e . and - i i n iuehoe 
. i g n i t i o a n t i v the n a t n . a i p e t i o d o t the / / / / . „ ^ 
„t t h i a i n t i u e n o e , t o have aoontate data on ^ ' " J ^ ^ ^ ^ ,,,,, 
a c c u r a t e «odel o£ bot h c o n n e c t i o n s . Because o t the l a c k ot 
s t i t t n e s s e s and the n o n - l i n e a r behaviour ot s o i l , the - o d e l l n, rs 

. - e m a t i c . On the o t h e r hand -:-;::̂ :::::r I r r e r n a t u r a l 
parameters which can be m a n i p u l a t e d xn o r d e r t o ac h i e v e 

p e r i o d s 

f o u n d a t i o n s t i f f n e s s 

J :5c= ;q hinae w i t h freedom o f The l e g - t o - s o i l c o n n e c t i o n has been modelled as a hinge 
^ .HP V - Z Diane i n c o m b i n a t i o n w i t h a l i n e a r 

r o t a t i o n i n t h e x-z plane and the y z plane , . ^ 

v e r t i c a l a x i s ( o n l , , l o b a l X and , r o t a t i o n s p o s s i b l e ) . 

i n o ™ . . i t i s not p o s s i b l e t o model a n o n - l i n e a r s o i l behaviour, t h e r e f o r e 
1 ar s p r l n , w i l l be used. The t r a n s l a t i o n s t i f f n e s s . i l l be assumed t o 

be f U . T e r o t a t i o n s t i f f n e s s f o l l o w s from a model f o r c i r c u l a r . 
f s t i f f P l a t e s .see appendix .7, and leads t o a r o t a t i o n a l s p r . n . 

S t i f f n e s s i n t h e range o f : 

K = 0,6*10«-1,8*10» [kNm/rad] 
B 
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l e g / h u l l s t i f f n e s s 

if^n 2 and 10) i s composed of t h r e e guides The l e g - t o - d e c k c o n n e c t i o n ( f i g . 2 ana l u j y 
-^.^ t r a n s m i t t i n g f o r c e s i n a h o r i z o n t a l p l a n e ( l o w e r , middle and upper g u i d e ) t r a n s m i t t i n g 

lo„e. an. uppa. , u i a e a., mo.anea as two psauao-»a»ba.s " ' ^ 
. t U t n e s s a.o.pt t o . a s p e o l t i . a s t i t t n a s s i n the g l o b a l . an. , a.t t.ons. 

.„/i.iied as one oseu.o member w i t h The miaaie guiae ana the clamps are moaellea as one P 
s p e c l t l e a s t l t t n e s s e s I n a l l a i r e c t l o n s ( t r a n s l a t i o n an. r o t a t r o n , . 

.he s t l t t n e s s o t the le,/h„ll c o n n e c t i o n a r i s e s trom two sources. The t l r s t 
s t c a p a c i t y t o r e s i s t b e n a i n , moments I n the l e , s by the clamps. T ese 
lamps ha e cl.mp t e e t h ( t l , . 10, which t r a n s m i t v e r t i c a l t o r c e s (one n 

o p t e a l r e c t i o n t o the o t h e r , t o the corner posts ana thus cause a ar p 

r i e moment a i s t r I b u t i o n . The secona rs the c a p a c i t y t o — -
opposing h o r i z o n t a l t o r c e s a t the upper guiae ana lower gurae. I£ the 

r a r i o u r ot one l e g i s consraerea unaer a const a n t - — 
the a e c . then the a r s t r i b u t i o n o t the l e g benal momen s na shear 

t o r c e s may be schematizea as shown rn t r g 1 1 . The » 
the moment i n the l e g at the t o u n a a t i o n ana the moment i n the ' 
lower g u i a e . The f a c t o r p i s t h e t r a c t i o n ot the l e g bendrng mo n t rea t a 
° the l e g t o clamp c o n n e c t i o n . The f a c t o r „ aepenas on the s t r f f n e s s f t h e 

b y the l e g ^ ^ i f f n e s s o f the whole l e g t o deck 
r o t a t i o n a l s p r i n g a t the bottom and the s t i f f n e s s o t 
r o t a t i o n a l f ^ , .̂H. c U f f n e s s of the r o t a t i o n a l 
c o n n e c t i o n , w h i l e the f a c t o r (3 depends on t h e s t i f f n e s s 

s p r i n g a t the clamp c o n n e c t i o n . 

.he a l s t r l b u t i o n s a e scribea above can be ae.ucea from the measurements The 
. „f i , f u t e r e a i n a range around the f i r s t n a t u r a l measured l e g bending moment i s f i l t e r e d 

t t e q u e n c y so t h a t o n l y the i n e r t i a f o r c e from the a c c e l e r a t r o n o f the 
eg asses are c o n t r i b u t i n g t o the measured ( i n t e r p o l a t e d , bending 

.K-= p r o f i l e i t may be seen t h a t t h e p o i n t o f £ - T „ From t h i s p r o t i i e i t may moment p r o f i l e ( f i g . l ^ ) - ^^o" ^ n„^,«-pd h a l f w a y . z e r o bending moment ( t h e i n f l e c t i o n p o i n t of the l e g , rs l o c a t e I f 
f r o m mudllne t o the clamps. T h i s corresponds t o a value f o r „ o , • 
percentage o f the measured shear f o r c e above the clamps (Q„, and below 

t h e moment 

lower g u i d e (QQ) 
i s l i s t e d i n t a b l e 6 and i s e s t i m a t e d t o be 22,1 %. 
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.he measurea he„ai„, moment p r o f i l e i s basea on measurements o t bendrn, 
moments a t o n l y two a i t t e r e n t e l e v a t i o n s ,32.6 m ana SV,. m ' - e ' 
muailne, o t one l e , . F u r t h e r i t i s assumed t h a t the shear t o r e O a 

the l e , s i s n e g l i g i b l e compared w i t h t h a t ot the aeok and t l u . a loaa s 
g l l g b l e . o e s p i t e these assumptions ana the l i m i t e a data on the p r o t r l e 

„ 1 1 be assumed t h a t the c o n o l u s i o n s drawn trom t h i s p r o f i l e are v a l . a . 

4.1.5 S o l u t i o n method 

. o r t he s o l u t i o n o f the dynamic e q u a t i o n of mot i o n "modal dynamic w i t h 
s t a t i c c o r r e c t i o n . , (see c h a p t e r 3) has heen chosen s i n c e i t i s the most 
a c c u r a t e one:. To ensure no l o s s o f any i m p o r t a n t mode shape 1 
e i g e n v e c t o r s or modes have heen generated and B modes a s s o c i a t e d w i t h 
l o w e s t f r e q u e n c i e s have been used i n the s o l u t i o n . 

4 .1.6 C a l i b r a t i g n ^ f t h e s t r u c t u . r a l j n o d e l 

.he model should s a t i s f y c e r t a i n c o n s t r a i n t s which v a l u e s are deauc 
the measurements. These va l u e s v a r y s l i g h t l y from storm t o storm 
present a n a l y s i s has been performed f o r the f i r s t storm o n l y t h s h lues 
o f the c o n s t r a i n t s c o r r e s p o n d i n g t o t h a t storm have t o be s a t r s f r e d here. 
The c o n s t r a i n t s and t h e i r v a l u e s are l i s t e d i n t a b l e 6. 

1. n a t u r a l p e r i o d 

.he f i r s t t h r e e n a t u r a l p e r i o d s of the s t r u c t u r e , c o rresponding t o t e f r 
two bending moaes and the f i r s t t o r s i o n mode, have been compared t o the 
n a t u r a l p e r i o d s deduced from the measurements, m the r e p o r t on the 
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measurements ( r e f . 1 ) , the n a t u r a l p e r i o d o f the f i r s t two modes i s 

e s t i m a t e d t o be 4,21 (.0,025) seconds w h i l e t h a t o f the f i r s t t o r s i o n mode 

i s 3,45 (+ 0,025) seconds. 

2. l e g / s o i l s t i f f n e s s e q u a l t o l e g / h u l l s t i f f n e s s 

TO v e r i f y t he accuracy of t h e s i m p l i f i e d model i t has been t e s t e d i n the 
DYNAL program u s i n g r e g u l a r waves. I n order t o make a comparison w i t h t h e 
r e s u l t s from t h e measurements, the model has been t e s t e d i n DYNAL i n two 

ways: 

1) a s t a t i c a n a l y s i s t o det e r m i n e t he bending moment p r o f i l e and shear f o r c e 

p r o f i l e i n one of the l e g s under a s t a t i c h o r i z o n t a l f o r c e o f 1,33*10* 

kN (=3.10^ k i p s ) a p p l i e d a t the deck. 
a dynamic a n a l y s i s t o determine t he f i r s t t h r e e n a t u r a l p e r i o d s o f t h e 

(two bending modes i n the g l o b a l x-z and y-z p l a n e , and one t o r s i o n 
2) 

model 
mode i n t h e g l o b a l x-y p l a n e ) 

s e v e r a l parameters i n f l u e n c e t h e n a t u r a l p e r i o d o f the s t r u c t u r e and the 
d i s t r i b u t i o n o f f o r c e s and moments along t he l e g . The parameters which have 

been a d j u s t e d a r e : 

- f o u n d a t i o n s p r i n g s t i f f n e s s , i n f l u e n c i n g n a t u r a l bending p e r i o d , and 

moment d i s t r i b u t i o n on the l e g 
- clamp r o t a t i o n a l s p r i n g s t i f f n e s s , i n f l u e n c i n g n a t u r a l bending p e r i o d . and 

moment d i s t r i b u t i o n 

t h e shear 
- h o r i z o n t a l s t i f f n e s s o f t h e upper guide and t h e clamp, i n f l u e n c i n g t he 

r a t i o between clamp s t i f f n e s s and t o t a l l e g / h u l l s t i f f n e s s , 
f o r c e d i s t r i b u t i o n and moment d i s t r i b u t i o n . 

- d i s t r i b u t i o n o f the lumped mass a t the deck, i n a v e r t i c a l sense 
i n f l u e n c i n g s l i g h t l y t h e bending p e r i o d and n o t the t o r s i o n p e r i o d , i n a 
h o r i z o n t a l sense o n l y i n f l u e n c i n g t he t o r s i o n p e r i o d . 
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s i n c e i ne parameters are i n t e r a c t i v e , the c a l i b r a t i o n Kas - " " — 

p,„,ess, wnlcb converge, t o a model . b i c h s a t i s t i e s the ' " ^ ^ 
L s u l t o t t n l s process i s shown i n t i g . U t o r t h e l e g bendrng moment 
d i s t r i b u t i o n and i n t a b l e 6 t o r the n a t u r a l p e r i o d s and the values 
a s s o c i a t e d »ith the l e g / h u l l and l e g / s o i l s t l t t n e s s . 

.he r o t a t i o n a l s p r i n g s t l t t n e s s at the f o u n d a t i o n o b t a i n e d from the 
r a t i v e process d e s c r i b e d above has been e s t i m a t e d as . O . - I C « ad 

; " , , . 1 0 . K l p s - l n / r a d , . . complete survey of the s t i f f n e s s e s and l e n g t h s of 
t h e pseudo-members used i s g i v e n i n t a b l e 7. 

4.2. DESCRIPTION OF THE SEA STATE MODEL 

4.2.1. I n t r o d u c t i o n 

.he d e s c r i p t i o n c f the sea i s the second major i n p u t f o r the B ^ c program 

.he c o n s t r a i n t s o f t h i s d e s c r i p t i o n depend on the r e g u i r e d o u t p u t from the 
i n e coribtj-a „=.inf.= a r e r e q u i r e 
•mulations I f o n l y response frequency s p e c t r a or peak values are r e q u i r e d 

:r s u f f i c i e n t t o have as i n p u t a measured s u r f a c e e l e v a t i o n spectrum 

d a d i r e c t i o n a l spreading f u n c t i o n . The response s p e c t r a may - » 
om the time-domam s i m u l a t i o n based on wave Kinematics generated from t h r s 

.he generated time h i s t o r i e s of the „ave k i n e m a t i c s and „ave s u r f a c e are 
. a n d l and l i k e l y t o d i f f e r from the measured „ave k i n e m a t i c s , .o ma 
time-domain d e s c r i p t i o n „hich f i t s the measured «ave k i n e m a t i c s and u r f ce 

a t on i f i s necessary t o make use of the • c o n d i t i o n e d s i m u l a t i o n ^ o p t i o n 

o f t h e GENERATE program. 
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4,2.1. D e s c r i p t i o n of t h e i n p u t 

g r i d 

.he number o£ g r i d p o i n t s u s e . a t eaoh l e v e i i s g i v e n i n t a h l e 8. Because o t 
th e d e c r e a s i n g importance o t t h e „ave k i n e m a t i c s „ith i n c r e a s i n g d i s t a n c e 
helow t h e sea s u r t a o e , the g r i d p o i n t d e n s i t y „ill decrease trom sea s u r f a c e 

t o m u d l i n e . 

wave s p e c t r u 

.he measured „ave k i n e m a t i c s c o n t a i n i n f o r m a t i o n on s u r f a c e e l e v a t i o n a t two 

d i f f e r e n t l o c a t i o n s and v e l o c i t i e s a t two d i f f e r e n t l e v e l s i n t„o 
a i r e c t l o n s . T h e r e f o r e i t i s p o s s i b l e i n p r i n c i p l e t o e s t i m a t e from these 
measurements a d i r e c t i o n a l „ave spectrum. Because o f t h e r e l a t i v e l y l a r g e 
a i s t a n c e f r o m t h e sea s u r f a c e a t „hich the measurements o f t h , v e l o c r t r e s 
. e r e t a k e n and t h e u n c e r t a i n t i e s o f t h e i n t e r a c t i o n of the c u r r e n t and t h e 
..ve k i n e m a t i c s no d i r e c t i o n a l spectrum has been e s t i m a t e d as i n p u t b u t an 
assumed d i r e c t i o n a l s p r e a d i n g f u n c t i o n has been used i n c o m b i n a t i o n „rth t h e 

measured f r e g u e n c y spectrum. T h i s spectrum i s measured i n a f i x e d r e f e r e n c e 

frame, thus t h e D o p p l e r - s h l f t s„itch „111 be on. 

d i r e c t i o n a l spreading f u n c t i o n 

I f s , f , i s the measured one d i m e n s i o n a l frequency spectrum and G(f,<)) an 
<r,„^^^^n i-hen the two d i m e n s i o n a l spectrum s u i t a b l e d i r e c t i o n a l s p r e a d i n g f u n c t i o n , t h e n tne two 

S ( f , e ) c a l c u l a t e d by GENERATE w i l l be: 

S(f,Ö) = S ( f ) G(f,Ö) 

Por w i n d - d r i v e n waves t h e use of t h e cos i n e power s p r e a d i n g f u n c t i o n i s 

proposed i n Sarpkaya ( r e f . 2 ) . T h i s f u n c t i o n has the for m : 
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Ö - ^ 0 ( ^ \ , 2 s ( f ) 
G ( f , e ) = C ( f ) [ cos ( ^ ) J 

G(f,Ö) = d i r e c t i o n a l s p r e a d i n g f u n c t i o n 

ö,(f) 

e 

= c e n t r a l d i r e c t i o n of the waves w i t h frequency f , w i t h r e s p e c t t o an 

a r b i t r a r y r e f e r e n c e d i r e c t i o n 
= d i r e c t i o n w i t h r e s p e c t t o the r e f e r e n c e d i r e c t i o n 

1 9 ) . From 

s ( f ) = degree of s p r e a d i n g exponent 

C ( f ) = n o r m a l i z a t i o n f u n c t i o n such t h a t J fG(f,ö) dö df = 1 

L a r g e r v a l u e s o f s ( f ) g i v e narrower d i r e c t i o n a l spectrum (see f i g . 19) 

here on the f u n c t i o n G w i l l be c o n s i d e r e d independent on t h e f r e q u e n c y 

( c e n t r a l angle and degree o f s p r e a d i n g are c o n s t a n t s f o r each sea s t a t e ) . 

The s p r e a d i n g v a l u e 's• may be e s t i m a t e d i n two d i f f e r e n t ways. 

The f i r s t i s based on t h e measured d i r e c t i o n of the water p a r t i c l e 
v e l o c i t i e s . From t h e measured wave v e l o c i t i e s i n b o t h x and y d i r e c t i o n s one 
can e s t i m a t e a t each t i m e s t e p the angle of the r e s u l t i n g wave v e l o c . y w.th 
r e s p e c t t o a c e r t a i n r e f e r e n c e . The spreading v a l u e ^s' may be e s t i m a t e d i f 
the r e l a t i o n between these measured angles and the s p r e a d i n g f u n c t i o n i s 

known (see r e f . 12 and 19) 

Th, second i s based on measured p a r t i c l e v e l o c i t i e s and s u r f a c e e l e v a rons 
i n combination w i t h c o n d i t i o n e d s i m u l a t i o n ,see chapter 4.2.3). I t „rl be 

used here because of the a v a i l a b i l i t y of combined I n f o r m a t i o n on wave herght 

and d i r e c t i o n and because c f i t s s i m p l i c i t y . 

The c e n t r a l d i r e c t i o n o f the s p e c t r u . has been set egual t c the measured 
.ave p r o p a g a t i o n d i r e c t i o n , r e f . 1, and the v a l u e of the spreading exponent 
( s , o b t a i n e d from the c o n d i t i o n e d s i m u l a t i o n s (see chapter 4.2.3); s has 
been e s t i m a t e d t o be 4. T h i s I s i n agreement w i t h o t h e r data f o r s r m . l a r 

Storms on the N o r t h Sea 
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c u r r e n t p r o f i l e 

.Ke c u r r e n t p r o f i l e e. „ell a. tne a l r e c t i o n ot the c u r r e n t has een 
esti«atea tro» the mean values ot the measurea h o r i z o n t a l v ^ ^ o " ' - -
. 1 , . .0 ana t a h l e , sho. the c a l c u l a t e a mean values ana the a r r e c t . o n s o 
,he c u r r e n t . The c u r r e n t p r o f i l e has heen representea as l i n e a r l , v a r . r n , 
, . . . e n f o u r p o i n t s , two p o i n t s c o r r e s p o n a i h , ^° : 

. ^ 4- ^ « = r. w a i - p r l e v e l assuming t h i s t o nave u u c meters, one p o i n t a t mean water xevex 
r e l o c i ; , as c u r r e n t meter . 1 ana one p o i n t a t the muailne assum.n, zero 

c u r r e n t v e l o c i t y h e re. 

4.2.3. C o n d i t i o n p r i s i m u l a t i o n 

c o n d i t i o n i n g v a r i a b l e s 

i n p r i n c i p l e i t i s p o s s i b l e t o c o n a i t i o n e l e v a t i o n s ana slope o£ sea 
s u r f a c e , „ave Inaucea „ater p a r t i c l e v e l o c i t i e s , a n a pressure a t an, 
l o c a t i o n Of t h . t h r e e - a i m e n s i o n a l , r i a . The „ater p a r t i c l e v e l o c . t r e 
h o l e r „ere .easurea o n l , at one l o c a t i o n i n the p l a n . ,t„o a r f f e r . n t 

l e v e l s ) ana s u r f a c e e l e v a t i o n s a t t„o l o c a t r o n s . 

B, s i . P l , c c p a r l n , the .easurea s u r f a c e e l e v a t i o n . i t h the s i m u l a t e a one a t 
1 same l o c a t i o n i t „as p o s s i b l e t o t e s t the „orUn, of the c o n a r t r o n r n , , 

. l . s t t h e c o n a i t i o n m , has been t e s t e a u s i n , the i n p u t „ave spectrum o f „ave 

m i t e r . 1 , a„a a s p r e a a i n , c o r r e s p o n a i n , t o a value of s=.0 i n the cos.ne 

power spreading f u n c t i o n . 
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the s u r f a c e e l e v a t i o n at the l o c a t i o n of wave meter ,1 rs o ° " - ^ ^ 
m combination w i t h the x components of v e l o c l t , from c u r r e n t meter . 1 , t h e 
.eproauce. s u r f a c e e l e v a t i o n i s i n e x c e l l e n t agreement w i t h the measured one 

(see f i g . 2 1 ) . 

subsequently, the , as w e l l as the x component v e l o c i t y was used f o r 
c o n d i t i o n i n g . T h i s leads t o a l a r g e d i f f e r e n c e between the measured 
e l e v a t i o n and the s i m u l a t e d one (see f i g . 22). I n the l a t t e r case the 
measured v e l o c i t i e s c o n t a i n i n f o r m a t i o n on the d i r e c t i o n of the wavelets and 
hence, on the spreading of the waves. Apparently the I n i t i a l choree of 

s p r e a d i n g o f s=20 was n o t a good one. 

M t e r i n c r e a s i n g the d i r e c t i o n a l s p r e ading by changing from s=20 t o s=4, 
the c o n d i t i o n i n g w i t h the same v a r i a b l e s ( s u r f a c e e l e v a t i o n and v e l o c i t i e s 
i n X and y d i r e c t i o n s ) shows v e r y good agreement w i t h measurements (see 

f i g . 2 3 ) . 

.he a d d i t i o n of the s u r f a c e e l e v a t i o n at the l o c a t i o n of wave meter ,2 d r d 
not improve the s i m u l a t i o n but l e d t o somewhat l a r g e r e r r o r s i n the 
si m u l a t e d s u r f a c e e l e v a t i o n at l o c a t i o n .1 and very l a r g e e r r o r s a t t h e 
l o c a t i o n Of wave meter ,2. This might be exp l a i n e d by the d i s t u r b r n g e f c t s 
f . o . the l e g s , the measured c e n t r a l d i r e c t i o n of the waves i n d i c a t e s t h a t 

wave meter t 2 i s l o c a t e d i n the wake of the bow l e g . 

c o n d i t i o n the s i m u l a t i o n s 2 

.he q u e s t i o n i s whether the c o n d i t i o n e d sea s t a t e as found above i s sur t a b l e 
t o r use i n the s i m u l a t i o n s . Assuming t h a t the measured frequency s p e c t r a a t 
the l o c a t i o n s of the wave meters are r e p r e s e n t a t i v e o f the s p e c t r a a t o t h e r 
l o c a t i o n s , t h e n the s p e c t r a of the sim u l a t e d s u r f a c e e l e v a t i o n a t t h e 
v a r i o u s g r i d p o l n t s should be equal t o the measured frequency s p e c t r a . 
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. comparison Kas been made between a measured s u r f a c e e l e v a t i o n spectrum o 
„ave meter ,1 and the s i m u l a t e d s p e c t r a w i t h , r e s p e c t i v e l y , c o n a i t r o n r n , on 
the s u r f a c e measured at wave meter , 1 , and c o n d i t i o n i n g on the su r f a c e a t 
wave meter .1 i n combination w i t h the v e l o c i t i e s from c u r r e n t meter . 1 . 
.or b o t h cases the su r f a c e e l e v a t i o n spectrum was generated a t l o c a t i o n x-O 
.„a y-0 ,see f i g . 2 4 ) . The spectrum from the f i r s t c o n d i t i o n e d s i m u l a t i o n i s 
m good agreement w i t h the measured one. However, the spectrum i n the second 
case . c o n d i t i o n e d s u r f a c e and v e l o c i t i e s , has been d r a m a t i c a l l y blown up 
.peak i s t w i c e the measured peak). The reason f o r t h i s may he t h a t i f the 
c o n d i t i o n i n g i s ac c u r a t e i n the sma l l area of the l o c a t i o n o t the 
c o n d i t i o n e d v a r i a b l e s , a p r i c e has t o he paid i n the accuracy of the 
s i m u l a t e d sea s t a t e at l o c a t i o n s - f a r - away. 

.s t h , dynamic behaviour of the Jack-up i s e x c i t e d by wave f o r c e s a c t i n g 
Simultaneously a t every l e g , a r a t i o n a l c o n d i t i o n e d s i m u l a t i o n . i n v o l v i n g 
t h e c o n d i t i o n i n g of d i r e c t i o n a l l y dependent v a r i a b l e s such as v e l o c i t i e s ) 
c o u l d be made i f these v a r i a b l e s had been measured a t l o c a t i o n s c l o s e t o a l l 

t h r e e l e g s 

i n the present s i m u l a t i o n o n l y the c o n d i t i o n e d s u r f a c e of wave meter .1 « i U 
he used, since t h i s produces s p e c t r . t h a t are i n good agreement w i t h the 

measurements 

4.3. SENSITIVITY ANALYSIS 

4.3.1. S t r u c t u r a l s e n s i t i v i t 

i n o r d e r t o o b t a i n some i n s i g h t i n t o the s e n s i t i v i t y of the n a t u r a l p e r i o d 
t o the v a r i o u s parameters, the D y m t model has been executed s e v e r a l trmes 
Changing each time one parameter and d e t e r m i n i n g the p r o p o r t i o n a l change o 
the l o n g e s t t h r e e n a t u r a l p e r i o d s . Table 10 .1 and I I ) shows the r e s u l t s of 

t h i s a n a l y s i s . 
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por purposes o£ i n t e r p r e t a t i o n the s t r u c t u r e ma, be approximated by a one 
degree o t freedom system or f l a g p o l e model, m t h a t case the n a t u r a l p e r r o d 

i s s i m p l y : 

, M , 
T = 2 TT • ( — ~ ) 
^ K 

M* = e f f e c t i v e mass 

K* = e f f e c t i v e 

This Simple e x p r e s s i o n f o r the n a t u r a l p e r i o d p r o v i d e s i n s i g h t i n t o t h e 
na t u r e of the s e n s i t i v i t i e s found above. M e x t e n s i v e c a l c u l a t i o n and 

* * 
f o r m u l a t i o n s which may be used f o r M and K i s g i v e n xn 

appendix A 

„ e h u l l c o n t a i n s roughly 75% of the t o t a l mass and i s t h e r e f o r e the major 
* 

c o n t r i b u t o r t o the e f f e c t i v e mass, M . 

The mass of the legs i s about 25. of the t o t a l mass and does »°' 
very much t o the mass term, «oreover t h i s mass l U e t h a t of the h u l l r s 

s u b j e c t t o g r e a t u n c e r t a i n t y . 

.he f o u n d a t i o n s t i f f n e s s i s one of the parameters which i n f l u e n c e s the 

s t i f f n e s s Of the s t r u c t u r e (K*,. .or a r e l a t i v e change of 10% i n t h e 

f o u n d a t i o n s t i f f n e s s , the r e l a t i v e change i n T„ i s o n l y 1.5 p e r c e n t , but 

t h e r e i s a l o t of u n c e r t a i n t y i n t h i s parameter. Thus, i t i s s t i l l v e r y 
S i g n i f i c a n t f o r the m o d e l l i n g . This holds a l s o f o r the s t i f f n e s s o f the l e g 
h u l l c o n n e c t i o n , t h a t i s the combination of l e g clamp s t i f f n e s s and 

S t i f f n e s s o f the g u i d e s . 
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..e app.o.l».Uo„ the e q u i v a l e n t ehear atea aa „.11 aa tne 
l e n o t m e t t l a seema t o be v a l i a a t e d „.11 enough I n p t a c t l o e ana .s t 
open t o t o o muoh aouht. M l e a s t t h i s a p p r o x i m a t i o n has a l s o heen used t o r 
the c a l o u l a t l o n s o£ t o r c e s trom the .easurea s t r e s s e s . 

young^s .oaulus o t e l a s t i c i t y ,E, I n t l u . n c e s the s t l t t n e s s term as „ell ana 
shouia he „ell known, hut t h . measurements r e p o r t , r . t . 1, suggest t h a t t h . 
moaulus o t . l a s t l c i t y ,E, may he 10 percent l a r g e r 
The t o r s i o n c o n s t a n t or p o l a r moment ot i n e r t i a i n t l u e n c e s o n l y 

t o r s i o n n a t u r a l p e r i o d . 

4.3.2. S e n s i t i v i t ^ L ^ O i i i i ^ - ^ ^ ^ ^ i ^ ^ 

The p r e v i o u s c h a p t e r showed t h e s e n s i t i v i t y o f t h e n a t u r a l p e r i o d s t o 
Changes i n t h e s t r u c t u r a l p a r a m e t e r s . I n o r d e r t o o b t a i n some xns.gh n t o 
cnanges h.7 ^he 'draq' t e r m cnangyta J - H ̂ ^^^ ^ - u 
Whether the f l u i a - t o r c e s on the s t r u c t u r e are aominatea hy the 
„ t h e . i n e r t i a , term ot the „orison e q u a t i o n , an a n a l y s i s i s a l s o maae t 
1 s e n s i t i v i t y o t aynamic responses t o changes i n the f e a t u r e s o t the t l u . a 

l o a d i n g members, 

^, „f the c e n t r e o£ the aeck (x»0, y=0) are analyzea as 
The peak displacements ot the c e n t r e o , „ „e fhe 
. . e s u l t Of f l u i a loaaing from r e g u l a r Stokes waves. The response of the 

Ô e c u s has heen ign o r e d t o ensure t h a t t h . s t r u c t u r a l response has 

reached a st e a d y s t a t e 

t h a t IS 
c o n s i a e r l n g a l i n e a r wave t h e o r y , the arag term becomes r e l a t r v e l y 
i m p o r t a n t w i t h i n c r e a s i n g amplituae of the water p a r t i c l e s mot.on, 
1 h i n c r e a s i n g wave h e i g h t . This behaviour has been analyzea t o r wave w h 

, p e r l o a Close t o the dominant wave p e r i o a of the .easured » 
storm n and f o r waves w i t h a p e r i o d c l o s e t o the n a t u r a l per.od of the 
L s t bending modes of the s t r u c t u r e . The r e s u l t s of -
l l a t e a i n t a b l e 11. This t a b l e shows the peak ais p l a c . m . n t of the deck 
I f f o r two cases, m the f i r s t case, the displacement i s s i m u l a t e d usrng 
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.„.lUti = . «crison's c o e f f i c i e n t s , w h i l e i n the second c.se t h e i n e r t . a 
c o e f f i c i e n t C« has been doubled. The r a t i o of the displacement u i n the 
second case and the f i r s t case ,S, shows the r e l a t i v e importance of e 
i n e r t i a c o e f f i c i e n t f o r the dynamic response. I t i s l i k e l y t h a t .£ b o t h 
i n e r t i a and d r a , c o e f f i c i e n t are doubled t h a t t h i s r a t i o ,a, w i l l be equal 

to 2. 

of 10 f e e t and lower, the dynamic response i s dominated by the r n e r t r a p a r t 
of the Morison e q u a t i o n , .or wayes w i t h a p e r i o d of 7,7 seconds and a 
waveheight c l o s e t o 20 f e e t b o t h terms are e q u a l l y I m p o r t a n t . 

w i t h a p e r i o d of 4,0 seconds the wave f o r c e i s even more i n e r t i a 
For waves w i t n a p e r i u u U J - •* / ^ 
dominated than i n case of a p e r i o d of 7,7 seconds. 

.or v e r y h i g h waves w i t h a p e r i o d of 10 seconds and a wave h e i g h t of 60 

.he maximum i n d i v i d u a l wave h e i g h t i n the storm analysed does not exceed 20 
t e e t , thus the f o r c e of the s t r u c t u r e w i l l be dominated by the r n e r t r term 
C of waves w i t h f r e q u e n c i e s c l o s e t o the n a t u r a l p e r i o d ( t a i l o f wave 

::ec:rum„ Whereas the i n e r t i a and drag term are e q u a l l y i m p o r t a n t f o r waves 

w i t h f r e q u e n c i e s around the dominant wave p e r i o d . 

„hen the d i r e c t i o n of p r o p a g a t i o n of the wave i s changed from 90 
pr o p a g a t i n g i n t o the p o s i t i v e y - d i r e c t i o n , t o 0- (waves p r o p a g a t i n g i n t o 
o s l t i v e x-dir.ction„ the e x c i t a t i o n i s an order o f magnitude lower f o r 
aves w i t h a p e r i o d T=7,7 s and h e i g h t „-20,0 f t . T h i s may be caused 

t h e Phase d i f f e r e n c e between t h e wave f o r c e s on each l e g , whrch r e s u l s i 
r n c L a t i o n of the i n d i v i d u a l f o r c e s a t each l e g . This . ^ t e c t w i U a l s o be 
present f o r waves i n an i r r e g u l a r sea and may l e a d t o 
L u l t s When changing t h e c e n t r a l d i r e c t i o n of the frequency spectrum. 

i n case 

(waves 
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T h i s n a t u r a l 

4.3.3. T l i : - ^ i i ^ ^ ^ ^ n n f 'pinned spudcan' model 

The measurements showed t h a t t he s t i f f n e s s o f t h e f o u n d a t i o n s h o u l d not be 
i g n o r e d . M o d e l l i n g p r a c t i c e , however, o f t e n assumes a pinned spudcan, 
i n o t h e r words a hinge c o n n e c t i o n a t f o u n d a t i o n l e v e l , w i t h o u t a d d i t i o n a l 
s p r i n g s , i n c o m b i n a t i o n w i t h i n f i n i t e s t i f f n e s s a t the l e g / d e c . c o n n e c t i o n . 

u s i n g a "pinned spudcan" i n the model d e s c r i b e d above w i l l l e a d t o an 

f.om 3,45 t o 4,3 seconds f o r t h e t o r s i o n mode. T h i s means t h a t t h e n a t u r a l 
frequency of the model w i l l be lower than t he r e a l p e r i o d , 
frequency corresponds t o a more e n e r g e t i c p a r t of the t a i l o f t h e s u r f a c e 

.nH causes a severe o v e r e s t i m a t i o n of t h e dynamic f o r e l e v a t i o n spectrum, and causes a &evt;j-c 

i n the s t r u c t u r e . 

B«Kke , . , f . 3, s h c e a , to. . c l a y s o i l t h a t tha assumption o t a "pinnea 
apuaoan. laaas t o a 25 percent o v e r e s t i m a t i o n o t the n a t u r a l p e r r o an 20 
percent Increase i n t h . maximum s t a t i c moment i n the l e g , aue t o the s h r t t 

i n t h e bending moment p r o f i l e . 

Shouia the assumption o t an i n t i n i t e l , s t i t t l e , t o aeck c o n n e c t i o n s t i l l he 
v a l i a , then a t o u n a a t i o n r o t a t i o n a l s p r i n g s t l t t n e s s of K = 0,5 10 rs 
necessary t o s a t i s f y the measurea n a t u r a l f r e g u e n c i e s . T h i s v a l u e of 
aoes n o t , however, l i e i n the range o t s t i f f n e s s e s founa from the srmple 
t o u n a a t i o n s t i f f n e s s moael i n appenaix « ,K - C e - l C - l . e - l O . . . T r s 
supports the assumption t h a t t o u n a a t i o n s t i f f n e s s might he c l o s e t o l e g t o 
h u l l s t i f f n e s s ana hence, t h a t c o n v e n t i o n a l m o a e l l i n g may not he a c c u r a t e . 
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5. rnMPAPT.qnN OF MEASUREMENTS 

5.1, INTRODUCTION 

:„ p r i n c i p l e data f o r f o u r storms i s a v a i l a b l e f o r use i n - P " r s o me 
o n a r a c t e r l s t i o s o f tKese storms or o o r r e s p o n d i n , data segments are I r s ed 
t a b l e 1, This Shows t h a t the measured maximum wave h e i g h t and mean wrn 
v e l o c i t y were t h e l a r g e s t f o r data segment ,1. T h e r e f o r e data segment ,1 
heen chosen f o r comparisons i n the present r e p o r t . Some c h a r a c t e r r s t r e s o f 
t h i s data segment w i l l be discussed f i r s t . 

5.1.1. r h a r a c t e r i s t i c Q n t storm i l 

i n order t o o b t a i n i n s i g h t i n the measured met-ocean g u a n t i t i e s some 
s p e c t r a l analyses and time domain analyses have been c a r r i e d out f o r t h r e e 
a f f e r e n t p a r t s o f data segment .1. oata segment ,1 c o n t a i n s ' ° " 
5,00 time steps or 2,50 seconds. The analyses have been c a r r i e d out t o o h 

t o l l o w l n g 2048. Table 12 shows the c a l c u l a t e d zero-order moment or area 
under the spectrum, w h i l e t a b l e 13 shows the mean wave a m p l i t u d e s of 

l a r g e s t 10% of a l l peaks. 

The t a b l e s show t h a t , the energy decreases s l i g h t l y i n time and t h a t the 
measured s i g n i f i c a n t wave amplitudes are somewhat lower f o r wave mete . 
compared t o wave meter ,1. Notable i s the d i f f e r e n c e between wave met r , 
and ,2 t o r the f i r s t 512 seconds, „ave meter .2 i s l o c a t e d a t the p o r t srde 

,,ee f i g . 6,, and might be s i t u a t e d i n the wake of the bow l e g 

c o n s i d e r i n g the c e n t r a l angle of wave p r o p a g a t i o n ( t a b l e 1 ) . 

The data f r o . wave meter .1 has been used t o generate the i n p u t 
e l e v a t i o n spectrum t o a v o i d m i s l e a d i n g data from wave meter .2 p a r t . c u l a r l y 

o f t he deck 

f o r t he f i r s t 512 seconds 
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5.1.2. nverview o f t h e comparison 

The presen t comparison between measured and c a l c u l a t e d r e s u l t s has been 
c a r r i e d out f o r deck a c c e l e r a t i o n and f o r f o r c e s i n the l e g s such as a x x a l 
f o r c e s and bending moments. These responses are s t u d i e d i n t h e f r e q u e n c y -
domain by comparing c h a r a c t e r i s t i c peaks of the measured and s i m u l a t e d 
response s p e c t r a , and i n the time-domain by comparing measured and s i m u l a t e d 
s i g n i f i c a n t peak v a l u e s . The peaks from the s p e c t r a are e s t i m a t e d f r o m the 
f i g u r e s w h i l e t he peaks from the t i m e h i s t o r i e s are c a l c u l a t e d by t h e 
program which generates t h e s p e c t r a and time h i s t o r i e s . 

For a l l p r a c t i c a l purposes, the motion of a ja c k - u p p l a t f o r m under wave 
a c t i o n i s f u l l y d e termined by i t s l o w e s t t h r e e modes which c o r r e s p o n d t o t h e 
two g l o b a l bending modes and the t o r s i o n a l mode. N a t u r a l f r e q u e n c i e s of the 
i n d i v i d u a l l e g s are 10 t o 7 times h i g h e r and can be d i s r e g a r d e d i n 
c a l c u l a t i n g dynamic responses ( r e f . 4 ) . 

i n t he comparison o f the peak v a l u e s of the v a r i o u s s p e c t r a t h r e e i m p o r t a n t 
peaks, c o r r e s p o n d i n g t o the f o l l o w i n g f r e q u e n c i e s , w i l l be d i s t i n g u i s h e d : 

1) the frequency c o r r e s p o n d i n g t o the dominant f r e q u e n c y o f t h e 
s u r f a c e e l e v a t i o n spectrum (around 1,0 rad/sec) 

i-r, 4-hP f i r s t two bending modes (around 1,5 
2) t h e frequency c o r r e s p o n d i n g t o the r i r s t 

rad/sec) 

3) the f r equency c o r r e s p o n d i n g t o the lo w e s t t o r s i o n a l mode (around 1,8 

rad/sec) 

The peaks l i s t e d i n the t a b l e s correspond t o t h i s numbering. 

The mean o f t h e c a l c u l a t e d t i me h i s t o r i e s has been removed because t h e mean 
of t he measured da t a i s a r t i f i c i a l and had t o be removed i n o r d e r t o o b t a i n 

r e a l i s t i c v a l u e s . 
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i n the comparison o f t h e time h i s t o r i e s t he f o l l o w i n g s i g n i f i c a n t peaks have 

been analysed (A = q u a n t i t y a n a l y z e d : a c c e l e r a t i o n , • • V ) « 

Al/3 : mean o f l a r g e s t one t h i r d o f f a l l peaks/troughs 

Al/10: mean o f l a r g e s t one t e n t h o f f a l l peaks/troughs 

Amax : maximum or minimum v a l u e of A i n t h e r e c o r d 

NO d i s t i n c t i o n has been made between peaks and t r o u g h s , t h e a b s o l u t e h i g h e s t 

v a l u e i s always l i s t e d 

The comparisons are made f o r t he f o l l o w i n g two d i f f e r e n t i n t e r v a l s : 

1. from the 1 s t t o t h e 1024th data p o i n t (512 seconds) 
2..from the 1025th t o the 2048th data p o i n t (512 seconds) 

T h i s means t h a t f o r these i n t e r v a l s t he c o r r e s p o n d i n g s u r f a c e e l e v a t i o n 
spectrum has been used as i n p u t f o r GENERATE i n c o m b i n a t i o n w i t h t he 
a p p r o p r i a t e c o n d i t i o n e d t i m e s e r i e s o f wave meter #1. 

For the f i r s t i n t e r v a l comparisons have been made o f the a c c e l e r a t i o n o f the 
bow i n x - d i r e c t i o n and y - d i r e c t i o n ( f r e q u e n c y domain as w e l l as time 
domain), and a comparison i n t h e frequency domain o f t h e shear f o r c e i n 
x - d i r e c t i o n o f the bow l e g . A comparison has been made a l s o f o r damping 
r a t i o s o f b o t h 3 p e r c e n t and 2 p e r c e n t of c r i t i c a l damping. 

The a n a l y s i s o f the second i n t e r v a l i s more e x t e n s i v e . The a c c e l e r a t i o n s o f 

the bow and s t e r n have been compared as w e l l as a x i a l f o r c e s and bending 

moments i n a l l t h r e e l e g s . 
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5.2. COMPARISON INTERVAL #1 

5^2,1. Deck a c c e l e r a t i o n comparison 

i n t r o d u c t i o n 

The measured a c c e l e r a t i o n ot the bo. has been compared t o the s i m u l a t e d 

a c c e l e r a t i o n o f j o i n t #1021 

n g u r e 25 and 26 sho. the measured and the s i m u l a t e d a c c e l e r a t i o n s p e c t r a i n 

X and y d i r e c t i o n s and t a b l e 14 gi v e s t h e i r peak v a l u e s . 

a c c e l e r a t i o n s p e c t r a 

i t can be seen t h a t From the s p e c t r a of the a c c e l e r a t i o n i n x d i r e c t i o n , 
most of the energy of the motion i s caused hy dynamic v i b r a t i o n i n the 
t o r s i o n mode. Since, a t the ho., the , d i r e c t i o n i s normal t o motion 
generated hy r o t a t i o n , the t o r s i o n a l mode does not i n f l u e n c e s i g n i f i c a n t l y 
the a c c e l e r a t i o n of the deck i n the y d i r e c t i o n and i s t h e r e f o r e o m i t t e d r n 

the t a b l e . 

The Shape of the s p e c t r a f r o . DYNAL i s s i m i l a r t o t h a t o f the measurements. 
The d e n s i t i e s a t peak #1 and peak #2 are u n d e r e s t i m a t e d by DYNAL, whereas 
the d e n s i t y o f peak #3 shows an o v e r e s t i m a t i o n by DYNAL. 

I f i n f l u e n c e s o f o v e r - or u n d e r e s t i m a t i o n o f Moriso n c o e f f i c i e n t s i s 
i g n o r e d , t h e n these d i f f e r e n c e s may be caused by assuming t o o low damping 
v a l u e i n t h e t o r s i o n mode and t o o much damping i n t h e bending modes or an 
e r r o r due t o an r e a l i s t i c c e n t r a l d i r e c t i o n o f the f r e q u e n c y spectrum. T h i s 
c e n t r a l d i r e c t i o n i s assumed t o be c o n s t a n t d u r i n g t h e e n t i r e storm and t o 
be c o n s t a n t f o r a l l f r e q u e n c i e s . N e i t h e r i s l i k e l y t o be the case. 
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time h i s t o r i e s 

From the r a t i o o f t h e s i g n i f i c a n t peaks o f DYNAL and t h e peaks from t he 
measurements ( t a b l e 15) i t can be seen t h a t DYNAL o v e r e s t i m a t e s t h e 
a c c e l e r a t i o n i n the x d i r e c t i o n and u n d e r e s t i m a t e s i n t h e y d i r e c t i o n . T h i s 
i s c o m p a t i b l e w i t h t he f i n d i n g s from the s p e c t r a . 

5.2.2. Shear f o r c e comparison 

The shear f o r c e i n t h e bow l e g has been measured a t an e l e v a t i o n o f 87,5 
meter above the mudline. T h i s corresponds t o the shear f o r c e i n j o i n t 119 o f 
the p r e s e n t mode f o r the DYNAL s i m u l a t i o n . 

F i g u r e 27 and t a b l e 16 show the s p e c t r a and the s p e c t r a l peaks. T h i s f i g u r e 
and t a b l e shows t h a t DYNAL u n d e r e s t i m a t e s t he peaks a t f r e q u e n c i e s #1 and #2 
and o v e r e s t i m a t e s t he peak a t fr e q u e n c y #3. T h i s i s a l s o i n agreement w i t h 
the f i n d i n g s f r o m t he a c c e l e r a t i o n comparison. The measured spectrum f u r t h e r 
shows a peak a t v e r y low f r e q u e n c i e s . T h i s peak p r o b a b l y corresponds t o t h e 
peak i n t h e wind v e l o c i t y spectrum see f i g . 28. 

5.2.3. O v e r t u r n i n g moment comparison and i n f l u e n c e o f damping 

i n t r o d u c t i o n 

The measured o v e r t u r n i n g moment (OTM) i s c a l c u l a t e d on a l e v e l 30 meters 
above m u d l i n e , whereas t h e DYNAL r e s u l t s are c a l c u l a t e d a t the m u d l i n e . The 
c o n t r i b u t i o n o f the i n d i v i d u l l e g moments t o t h e o v e r t u r n i n g moment i s 
r e l a t i v e l y l a r g e r a t the m u d l i n e . However, t h e a x i a l f o r c e s c o n t r i b u t e 
about 90 p e r c e n t t o the t o t a l o v e r t u r n i n g moment so i t may be expected t h a t 
DYNAL r e s u l t s a r e s l i g h t l y ' o v e r e s t i m a t i n g ' the OTM f o r s p e c t r a l 
d e n s i t i e s . The r e s u l t s w i l l s t i l l be di s c u s s e d here t o show the i n f l u e n c e o f 
a change i n damping from 3 p e r c e n t t o 2 p e r c e n t o f c r i t i c a l . 
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The o v e r t u r n i n g moment i s c a l c u l a t e d as: 

OTMx = Mxl + Mx2 + Mx3 + (Dy/3) F z l + (Dy/3) Fz2 - (2Dy/3) Fz3 

OTMy = Myl + My2 + My3 - (Dx/2) F z l + (Dx/2) Fz2 

Mxi = bending moment i n l e g # i 
F z i = a x i a l f o r c e i n l e g # i 
Dx = d i s t a n c e between l e g #1 and l e g #2 

Dy = d i s t a n c e between l e g #3 and h o r i z o n t a l l i n e i n t e r s e c t i n g l e g #1 and #2 

F i g u r e 29 and f i g u r e 30 show t h e x - o v e r t u r n i n g moment r e l a t e d t o the q u a s i 
s t a t i c o v e r t u r n i n g moment and the wave spectrum as s i m u l a t e d f o r 3 p e r c e n t 
and 2 p e r c e n t damping. The dashed l i n e shows the measured q u a n t i t y whereas 
the s o l i d l i n e shows the DYNAL s i m u l a t i o n . There i s no measured d a t a 
a v a i l a b l e f o r the q u a s i - s t a t i c o v e r t u r n i n g moment, t h u s o n l y the DYNAL 
s i m u l a t i o n i s shown. 

comparison o f s p e c t r a 

I t i s obvious t h a t t h e change i n damping from 3% t o 2% has a g r e a t i n f l u e n c e 

on the peak of t h e spectrum a t t h e n a t u r a l f r e q u e n c y : the peak drops by a 

f a c t o r o f two. 

The t o r s i o n a l mode a t a f r e q u e n c y around 1.82 rad/sec has no i n f l u e n c e on 
the dynamic o v e r t u r n i n g moments s i n c e the i n d i v i d u a l moments i n each l e g 

c a n c e l . 

Comparing the q u a s i - s t a t i c p a r t w i t h the dynamic p a r t o f the response nea 
the dominant fre q u e n c y o f t h e s u r f a c e e l e v a t i o n spectrum r e v e a l s t h a t t he 
i s a l a r g e dynamic e f f e c t , though i t i s h a r d l y i n f l u e n c e d by changed 
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damping. T h i s i s i n agreement w i t h t he dynamic a m p l i f i c a t i o n f a c t o r f o r a 

s i n g l e degree of freedom system: 

1 
DAF(a;) = ^^^^ _ o^V^^nM' + (2 (3 cj/a^n)M 

CJ = a n g u l a r frequency 

cjn 

(3 

= n a t u r a l f requency 
= damping as r a t i o o f c r i t i c a l 

I f CJ = wn then DAF(cjn) = 1/2(3 

I f damping i s 2 p e r c e n t , t h e n DAF(.^) = 25. However i f i t i s 3 p e r c e n t , 

. i n g l e degree of freedom DAF(.^) drops t o 17. The DAF a t the dominant 

f r e q u e n c y of the s u r f a c e e l e v a t i o n spectrum: u . 1 rad/sec i s f o r b o t h 

equal t o 1,8 and thus almost independent o f the damping r a t i o (3. 

the 



5.3. COMPARISON INTERVAL #2 

5.3.1. Deck a c c e l e r a t i o n comparison 

i n t r o d u c t i o n 

The measured a c c e l e r a t i o n s o f the bow ( j o i n t 1021) and t h e s t e r n ( j o i n t 
1023) have been compared w i t h t h e DYNAL s i m u l a t i o n s . 

F i g u r e 31 and 32, show t h e measured and s i m u l a t e d a c c e l e r a t i o n spectrum o f 
the bow i n x and y d i r e c t i o n . The peak v a l u e s a r e l i s t e d i n t a b l e 11, w h i l e 
t a b l e 18 shows the s i g n i f i c a n t peaks of the time h i s t o r i e s . 
F i g u r e 33 and 34 and t a b l e 19 and 20 show s i m i l a r q u a n t i t i e s f o r t h e 
a c c e l e r a t i o n o f the s t e r n . 

a c c e l e r a t i o n s p e c t r a 

The s p e c t r a o f the bow a c c e l e r a t i o n show t h a t t h e 2nd d e n s i t y peak i s 
o v e r e s t i m a t e d by DYNAL ( i n c o n t r a s t t o the f i n d i n g s from the 1 s t i n t e r v a l ) 
w h i l e t he 3rd peak i s s l i g h t l y o v e r e s t i m a t e d by DYNAL. 

The 2nd peak o f the a c c e l e r a t i o n i n y d i r e c t i o n shows agreement between t h e 
measured and the s i m u l a t e d peak. The peak o f the measurements i s b r o a d e r , 
however, thus i t c o n t a i n s more energy t h a n the DYNAL peak. 

Both the X and y d i r e c t i o n s have an angle w i t h r e s p e c t t o the r o t a t i o n a x i s 
o f t he s t e r n , hence the s p e c t r a o f the s t e r n a c c e l e r a t i o n i n x d i r e c t i o n as 
w e l l as y d i r e c t i o n show dynamic response a t the t o r s i o n f r e q u e n c y (peak #3) 

The 2nd and t h e 3rd peak are s l i g h t l y u n d e r e s t i m a t e d by DYNAL f o r b o t h t he x 

and the y d i r e c t i o n . 
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time h i s t o r i e s 

The s i g n i f i c a n t peak v a l u e s o f the time h i s t o r i e s show t h a t DYNAL r e s u l t s 
s l i g h t l y u n d e r e s t i m a t e f o r the y d i r e c t i o n , b u t , i n g e n e r a l , are c l o s e t o 
the measured v a l u e s . 

5.3.2. A x i a l f o r c e comparison 

i n f l u e n c e of v e r t i c a l f l u i d l o a d i n g 

A x i a l f o r c e s i n the t h r e e i n d i v i d u a l l e g s are the r e s u l t of g r a v i t y f o r c e s 
on the deck and the l e g , v e r t i c a l f o r c e s due t o v e r t i c a l f l u i d l o a d i n g 
components on t h e i n c l i n e d and h o r i z o n t a l members o f t h e bay, v e r t i c a l 
f o r c e s due t o the g l o b a l l o a d i n g and m o t i o n o f the j a c k up ( c o n t r i b u t i o n s t o 
t h ^ o v e r t u r n i n g moment), and v e r t i c a l ( l i f t ) f o r c e s due t o the i n t e r a c t i o n 

> 

o f wind and deck. The g r a v i t y l o ads w i l l be assumed t o be s t a t i c and 
c o n s t a n t and are o m i t t e d i n t h e comparison. 

To i l l u m i n a t e t h e importance o f the v e r t i c a l f o r c e s due t o wave l o a d i n g , the 
s p e c t r a of the a x i a l f o r c e i n l e g #3 have been compared on two l e v e l s . F i g . 
35 shows t h e spectrum o f the a x i a l f o r c e i n l e g #3 a t s u r f a c e l e v e l (=: 80 m 
above mudline) and a t subsea l e v e l (:̂  30 m above m u d l i n e ) . Table 23 and 24 
show the d e n s i t y peaks o f t h e s p e c t r a and the peak v a l u e s o f the time 
h i s t o r i e s . 

The dynamic behaviour o f the j a c k up i n the bending mode i s e x c i t e d by 
h o r i z o n t a l components o f t h e wave f o r c e s , whereas t h e i n f l u e n c e o f the 
v e r t i c a l wave f o r c e s on t h e dynamic behaviour i s assumed t o be i n s i g n i f i c a n t 
i n t h e a n a l y s i s . 

From the s p e c t r a shown i n f i g . 35, i t can be seen t h a t a t the n a t u r a l 
f r e q u e n c y the peaks are i d e n t i c a l , and t h a t t h e r e i s a d i f f e r e n c e o n l y at 
t h e 1 s t peak (dominant f r e q u e n c y of the s u r f a c e e l e v a t i o n s p e c t r u m ) . The 
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s i g n i f i c a n t peaks of t h e time h i s t o r i e s show a d i f f e r e n c e o f l e s s than 2 
p e r c e n t . Thus the i n f l u e n c e o f the q u a s i - s t a t i c v e r t i c a l components of the 
wave l o a d i n g on t h e v e r t i c a l f o r c e s i n the l e g are n e g l i g i b l e i n comparison 
t o the v e r t i c a l f o r c e s due t o the g l o b a l m o t i o n o f t h e j a c k - u p . T h i s leads 
t o the c o n c l u s i o n t h a t o m i s s i o n o f the v e r t i c a l wave f o r c e s i n the p r e s e n t 
model i s a c c e p t a b l e . 

For t h e p r e s e n t comparison the measured time h i s t o r i e s and s p e c t r a o f the 
a x i a l f o r c e s a t a l l t h r e e l e g s a t subsea l e v e l (bay #7) have been compared 
t o the f o r c e s a t j o i n t 207 ( l e g # 1 ) , j o i n t 307 ( l e g #2) and j o i n t 107 ( l e g 

#3 ) . 

a x i a l f o r c e s p e c t r a 

From the s p e c t r a o f t h e a x i a l f o r c e ( t a b l e 21 and 23) i n l e g #1 ( f i g . 3 6 ) , 
l e g #2 ( f i g . 37) and l e g #3 ( f i g . 3 8 ) , i t can be seen t h a t t he agreement 
between measurements and s i m u l a t i o n s f o r l e g #1 and #2 i s l e s s good than f o r 
l e g #3. DYNAL o v e r e s t i m a t e s t he second peaks. The measured s p e c t r a o f l e g #2 
and #1 have a v e r y c r a p u l e n t shape e s p e c i a l l y i n the low fre q u e n c y range. 
T h i s might be caused by response t o the wind. F i g . 28 shows the spectrum of 
the wind v e l o c i t y w i t h s i g n i f i c a n t energy a t v e r y low f r e q u e n c i e s . The wind 
f o r c e has been o m i t t e d i n t h e p r e s e n t model and th u s t h e response t o i t s 
e x c i t a t i o n a t these low f r e q u e n c i e s i s l a c k i n g i n t h e DYNAL r e s u l t s . The 
wind passes f r e e l y under t h e deck, but i s d i s t u r b e d on the upper s i d e which 

r 

might generate a l i f t f o r c e as on a wing. 
The r e l a t i v e importance o f t h i s amount o f energy i s l e a s t f o r l e g #3, which 
indeed shows be s t agreement between the measured and s i m u l a t e d t i m e h i s t o r y . 

a x i a l f o r c e time h i s t o r i e s 

The s p e c t r a l d i s t r i b u t i o n o f the energy f o r l e g #1 and l e g #2 shows 
s i g n i f i c a n t energy a t v e r y low f r e q u e n c i e s and th u s i s v e r y d i f f e r e n t from 
t h a t o f t h e DYNAL r e s u l t s , t h i s makes a comparison o f peak v a l u e s 
q u e s t i o n a b l e ( t a b l e 2 2 ) . 
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The d i s t r i b u t i o n o f energy f o r l e g #3 i s i n b e t t e r agreement which makes a 
comparison o f t h e time h i s t o r y peaks s e n s i b l e . DYNAL u n d e r e s t i m a t e s the 
peaks, b u t i s w i t h i n t e n p e r c e n t ( t a b l e 2 4 ) . 

5.3.3. Leg moments comparison 

i n t r o d u c t i o n 

The measured bending moments i n x d i r e c t i o n and y d i r e c t i o n have been 

compared w i t h t h e bending moments of j o i n t #207 ( l e g #1) , j o i n t #307 ( l e g 

#2) and j o i n t #107 ( l e g #3) . 

l e g moment s p e c t r a 

F i g . 39 and 40 show the s p e c t r a o f t h e bending moment i n x and y d i r e c t i o n 
o f l e g # 1 , f i g 41 and 42 of l e g #2 and f i g . 43 and 44 o f l e g #3. 

i n a l l cases t h e bending moment about t h e x a x i s i s l a r g e r than about the y 
a x i s . The bending moment f o r the two s t e r n l e g s ( #1 and #2) i s m a i n l y 
determined by t h e motion a t the f i r s t n a t u r a l f r e q u e n c y , whereas the bending 
moment about t h e x a x i s f o r l e g #3 i s dete r m i n e d by the lowest bending modes 
as w e l l as t h e t h i r d n a t u r a l f r e q u e n c y or t o r s i o n mode. These r e s u l t s are 
i n agreement w i t h the f i n d i n g s from t h e a c c e l e r a t i o n comparison. 

The response t o t h e wind i s a l s o n o t i c e a b l e i n the bending moments. 
E s p e c i a l l y f o r t h e l e g bending moment about t h e y a x i s t h i s low f r e q u e n c y 
response i s r e l a t i v e i m p o r t a n t , and makes a comparison q u e s t i o n a b l e . 

Table 25 shows t h e peak va l u e s of t h e s p e c t r a o f l e g # 1 , t a b l e 27 of l e g #2 
and t a b l e 29 o f l e g #3. The tendency i s an o v e r e s t i m a t i o n o f the peaks f o r 
y-moments and an u n d e r e s t i m a t i o n f o r x-moments. T h i s i s a l s o i n agreement 
w i t h f i n d i n g s f r o m the a c c e l e r a t i o n comparison. The response a t the t h i r d 
f r e q u e n c y i s i n g e n e r a l t o o h i g h compared t o t h e bending n a t u r a l f r e q u e n c y 
response, t h i s may mean t h a t damping i s d i f f e r e n t f o r bending and t o r s i o n 
modes, and s h o u l d be somewhat h i g h e r f o r the t o r s i o n mode. 
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l e g moment time h i s t o r i e s 

The s i g n i f i c a n t peaks o f the time h i s t o r i e s o f l e g #1, #2 and #3 are l i s t e d 
r e s p e c t i v e l y t a b l e s 26, 28 and 30. From these t a b l e s i t can be seen t h a t the 
agreement o f DYNAL w i t h t he measurements i s good f o r y-moments and t h a t 
DYNAL u n d e r e s t i m a t e s t h e l e g moments by r o u g h l y 20 pe r c e n t f o r x-moments. 
T h i s i s i n agreement w i t h f i n d i n g s f r o m t he s p e c t r a . 
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^oTjpr.TTc^TnNS AND RECOMMENDATIONS 

c o n c l u s i o n s 

„ «ust be ..Pb.si.ea t b . t c o n c l u s i o n , f r o . the p r e s e n t s t u a , are r e l a t e t o 
the present s i . p l l f i e a . o d e l and .ay not be y a l i d i n g e n e r a l . Moreover, the 
present study has been c a r r i e d out f o r data f r o . o n l y one s t o r . , and so.e of 
the . o d e l f e a t u r e s , l i k e f o u n d a t i o n s t i f f n e s s , l e g t o h u l l s t i f f n e s s and 
Morison c o e f f i c i e n t s have not been s p e c i f i e d e x a c t l y . Moreover, t e da.prng 
i n f l u e n c e s t h e r e s u l t s s i g n i f i c a n t l y and has been chosen ( w i t h i n I r . r t s 
known f r o . l i t e r a t u r e , , so t h a t r a t i o n a l r e s u l t s have been o b t a i n e d . 

F r o . the present study i t .ay be concluded t h a t : 

^ -o^i. ^^r. ran be e s t i m a t e d r e a s o n a b l y w e l l by 
1) The dyna.ic behaviour of a jack-up can be e s t i . a 
.eans of a s i . p l l f i e d model i n DÏHftL. 

2, The agreement of DymL r e s u t s w i t h .easure.ents i s best f o r g l o b a l 
.espouses such as deck a c c e l e r a t i o n s , and le s s good t o r computations o t 
i n d i v i d u a l l e g f o r c e s and . c e n t s . Peak values are t y p i c a l l y accurate w r t h r n 

20 p e r c e n t 

(deck 3, Wind loads .ay be o m i t t e d t o r the e s t i . a t i o n o f g l o b a l responses 
a c c e l e r a t i o n and o v e r t u r n i n g . c e n t , , but may be s i g n i f i c a n t f o r the a x . a l 

f o r c e s p e c t r a 

4, c o n d i t i o n i n g o f t h e s i m u l a t i o n s w i l l improve the accuracy of the 
S i m u l a t i o n o f the s e a s t a t e , but c o n d i t i o n i n g of too many v a r i a b l e s r n a 
sm a l l area may cause u n r e a l i s t i c s i m u l a t i o n s of the sea s u r f a c e at 

l o c a t i o n s o u t s i d e t h i s area. 

\7 >t/^^«^ 
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5) I f the i n p u t spectrum i s a one-dimensional one combined w i t h an assumed 
d i r e c t i o n a l s p r e a d i n g f u n c t i o n , t h e n t he accuracy o f the c o n d i t i o n i n g 
s t r o n g l y depends on the amount o f s p r e a d i n g . I f d i r e c t i o n a l l y dependent 
v a r i a b l e s such as f l u i d v e l o c i t i e s or a c c e l e r a t i o n s are c o n d i t i o n e d , 
the c o n d i t i o n e d s i m u l a t i o n may be used f o r an e s t i m a t i o n of the amount of 

the n 

s p r e a d i n g 

6) Damping v a l u e s i n t h e lo w e s t t o r s i o n mode may be d i f f e r e n t from those i n 
the lowest bending mode. Damping s h o u l d be more f o r t he t o r s i o n mode. 

recommendat i o n s 

1) The p r e s e n t model has been used f o r comparisons w i t h data from storm #1 
and may be used f o r comparisons w i t h data o b t a i n e d from the o t h e r t h r e e 

storms. 

2) The i n f l u e n c e o f the c e n t r a l d i r e c t i o n o f the fr e q u e n c y spectrum on the 

g l o b a l responses o f the model may be i n v e s t i g a t e d . 

3) c o n s i d e r i n g t he u n c e r t a i n t i e s o f some v a r i a b l e s used i n the pr e s e n t model 

more r e s e a r c h i s d e s i r a b l e on the f o l l o w i n g s u b j e c t s : 

- f o u n d a t i o n s t i f f n e s s o f spudcans; 
- s t i f f n e s s o f the l e g t o deck c o n n e c t i o n ; 

- Morison c o e f f i c i e n t s . 
- damping r a t i o s . 

4) p r a c t i c a l use o f the model f o r p r e d i c t i o n s under extreme wave c o n d i t i o n s 
tnay be v a l u a b l e i f n o n - l i n e a r i t i e s i n the be h a v i o u r o f the f o u n d a t i o n and 
the l e g t o deck c o n n e c t i o n are q u a n t i f i e d . 
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APPENDICES 

APPENDIX A l 

wave f o r c e s on c i r c u l a r c y l i n d e r s 

U i n a e r s . The one recommendea b, nim .na n.ea t o r tne c . t c n l . t r o n s 

here i s as f o l l o w s . 

.ne r e e n t r a n t v e t o c i t y ana a o c e i e r a t i o n may be aecomposea i n t o components 
normai ana t a n g e n t i a l t o tne c y U n a e r a x i s , .be t a n g e n t i a l . i n e . a t . c s may be 

i g n o r e d . 

The t h r e e - d i m e n s i o n a l Morison e q u a t i o n then i s , see f i g . 14 

Fx ^nx 
u nx 

? , ( Fy } = 0.5 . ca D i u } ^(uJ,t„J^--„.) * " ^" " n y ' 

Fz u nz 
u nz 

e = s i n 0 cos\// 
X 

e - cos(p 
y 

e = s i n 0 sini// 
z 

e = e _i + e„l + e^k 
= u n i t v e c t o r along c y l i n d e r a x i s 

X- y 

The v e l o c i t y v e c t o r normal t o the c y l i n d e r a x i s i s : 

wn = i u ^ ^ + i u ^ y + k u ^ . 
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I f t he waves propagate i n t h e x - d i r e c t i o n and U i s the h o r i z o n t a l v e l o c i t y 

and V i s t h e v e r t i c a l v e l o c i t y t h e n the r e s u l t a n t v e l o c i t y U w i l l be: 

U = iU + j V 

The component normal t o t h e c y l i n d e r a x i s w i l l t hen be 

Wn = e X (U X e) 

or w r i t t e n i n components 

u = u - e (e U + e V) 
nx X X y 

u = V - e (e U + e V) 
ny y X y 

u nz 
- e (e U + e V) z X y 

The d e r i v a t i o n f o r the a c c e l e r a t i o n v e c t o r i s analogous: 

= Ü - e (e Ü + e ^ ) nx X X y 

u = ^ - e (e 0 + e ^ ) 
ny y X y 
• u nz 

- e (e 0 + e ^) z X y 

I t i s obvious t h a t i f the member i s not o r i e n t e d normal t o the wave 
d i r e c t i o n , t he v e r t i c a l v e l o c i t i e s and a c c e l e r a t i o n s a l s o c o n t r i b u t e t o a 
drag and i n e r t i a f o r c e a c t i n g i n a h o r i z o n t a l p l a n e . T h i s w i l l be the 
f o r t h e f o r c e a c t i n g on a j a c k - u p bay because of the d i a g o n a l members. 
Due t o t h e s i m p l i f i c a t i o n o f the t h r e e - d i m e n s i o n a l bay i n t o a s i n g l e 
( v e r t i c a l ) beam t h i s e f f e c t i s i g n o r e d . 

The most i m p o r t a n t c o n t r i b u t i o n t o the peak h o r i z o n t a l f o r c e s a r i s e s f r o m 
t h e h o r i z o n t a l k i n e m a t i c s . N e g l e c t i n g h o r i z o n t a l f o r c e s due t o the v e r t i c a l 
wave m o t i o n may be an a c c e p t a b l e a p p r o x i m a t i o n . 
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Th, e q u l v a l e h t h „ » i h the preseht model i s v e r t i o . l l y o r i e h t e d , „hioh has 
the oonse,„e„=e t h a t v e r t i o a l t o r o e s due t o wave l o a d i n g are not aocounted 
t o r . However, since the v e r t i c a l t o r c e s due t o the dynamic e x c i t a t i o n of the 

s t r u c t u r e and dead l o a d may be expected t o be an order of magnitude h i g h e r , 

t h e v e r t i c a l wave l o a d i n g may be n e g l e c t e d . 

i n t h i s case o n l y the wave f o r c e s a c t i n g i n a h o r i z o n t a l plane w i l l be 
of t he d i f f e r e n t o r i e n t a t i o n o f each member i n a bay a 

f o r m u l a w i l l be d e r i v e d which lumps a l l the f o r c e s a c t i n g i n the d i r e c t i o n 

o f t h e f l u i d v e l o c i t y (x d i r e c t i o n ) . 

c o n s i d e r e d . Because 

T h i s f o r c e i s the x-component of the Morison e q u a t i o n : 

FX = 0.5 p Cd D { u ^ ^ } /(U^,^u^/u^^^) . 0.25 p . C. {uJ 

I g n o r i n g t he v e r t i c a l v e l o c i t y V g i v e s : 

u = U - e (e U) nx X X 

Using e q u a t i o n s ( x . x , x.x) 

u = U ( l - s i n 2 0 coŝ ï//) 
nx 

/ ( u ^ +u^ J = |Wnl = (U^ - (e U)M 
^^ nx ny nz 

1/2 

u s i n g e q u a t i o n s ( x . x , x.x) a g a i n : 

1 / 
Wnl = U ( l - s i n ^ ^ cos^4/) 

For t h e a c c e l e r a t i o n p a r t h o l d s : 

= 0 ( 1 - Bin^<t> cos^i//) 
nx 



- 50 -

The f o r c e per u n i t l e n g t h i n x - d i r e c t i o n a c t i n g on a member i w i t h l e n g t h 

L i and diameter Di w i l l be: 

I t may 

= 0.5 P ca 01 0|U|,1 - S i n . * c c s . * , ' ^ ' . 0.25 , P C« oS Ü U - =1»-* - = 

.cco.amg t o sarpk-ya two v e r t i o a l o y i m a a r a , s i t u a t a a along tne a x i s o f 
t l o w a t t a c k , behave as i t t h e , are m u t u a l l y maepenaent t o r s p a c r n , ra r s 

,D i s aiameter ana L i s a i s t a n c e between c e n t r e l i n e s , l a r g e r than 2,5. 
The i n t l u e n c e o t spacing t o r a t h r e e - a i m e n s i o n a l bay i s more obscure. " 
he expectea t h a t at the s e v e r a l J o i n t s ot such a bay, where s e v e r a l member 
come t o g e t h e r , the t l u i a motion i s i n t l u e n c e a . However, the spacrng be „ en 
i n d l v i a u a l brace members i s i n g e n e r a l l a r g e r than 2.5 times the arameter. 
Hence the t o t a l f o r c e a c t i n g on one bay may be c a l c u l a t e a by a simple 

summation of a l l s i n g l e c o n t r i b u t i o n s of the s e v e r a l members 

The f o r c e per u n i t l e n g t h a c t i n g on (brace members o f , one bay w i t h hay 

( i n d e x i ) . 

h e i g h t Lb w i l l t hen be: 

FX = ^ {0.5 p Cd Di U l u l d - s i n ^ 0 . c o s ^ ^ . ) L i } + 
Lb 1-

^ ^ 1;̂  (0.25 ,r p cm Di Ü(l - s i n ^ 0. cos^ ̂, ) L i } 
Lb 1 = ̂  
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APPENDIX A2 

lumped mass c a l c u l a t i o n s 

added mass 

added or v i r t u a l mass I s d i r e c t l y r e l a t e d t o the volume i h the i n e r t i a 
p . . t o£ the Morlson e q u a t i o n . T h i s can be seen i t the e q u a t i o n o t motion t o r 

one bay i s c o n s i d e r e d ( r e f . 2) 

(M + p ca V) X + C X + K X = p V cm u + 0.5 p Cd A u u 

Cm Ca + 1 

Ca — added mass c o e f f i c i e n t 

P — d e n s i t y of water 

M — mass of t h e s t e e l i n t h e bay 

V e q u i v a l e n t volume of one bay 

C = damping v a l u e 

K s t i f f n e s s v a l u e 

Cm i n e r t i a coëfficiënt 

Cd drag coëfficiënt 

A — e q u i v a l e n t area o f bay ( see 

X disp l a c e m e n t of bay 

u — v e l o c i t y o f f l u i d 

The term 'pCaV r e p r e s e n t s the added mass. This added mass i s r e l a t e d t o the 
a c c e l e r a t i o n o t t h e t l u i d r e l a t i v e t o the a c c e l e r a t i o n o t the hay. 
experiments showed t h a t the added mass c o e f t i c i e n t Ca may be eq u a l t o one 

( r e f . 4 ) . 

The motion ot t h e bay w i l l be assumed t o be h o r i z o n t a l . This means t h a t the 
e q u i v a l e n t volume V o t the bay may be taken as the summation o t the ^ 

h o r i z o n t a l cross s e c t i o n a l areas times the p r o j e c t e d l e n g t h s ,on v e r t r c a l 

p l a n e ) of the i n d i v i d u a l bay members. 
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T h i s c a l c u l a t i o n method f o r the e q u i v a l e n t volume V d i f f e r s from t h e 
suggested method i n appendix A l of decomposing the f l u i d a c c e l e r a t i o n s i n t o 
one p e r p e n d i c u l a r t o t h e member a x i s and one along the a x i s . 

Both c a l c u l a t i o n methods are d e s c r i b e d i n appendix A5. The f i r s t method i s 

chosen f o r use i n the p r e s e n t model. 
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APPENDIX A3 

e q u i v a l e n t s t i f f n e e s c a l c u l a t i o n s 

e q u i v a l e n t shear area (Ash) 

The c a l c u l a t i o n o f the e q u i v a l e n t shear area w i l l be made f i r s t f o r the two 
d i m e n s i o n a l case, f o l l o w e d by the e x t e n s i o n t o the t h r e e d i m e n s i o n a l case. 

As an a p p r o x i m a t i o n o f the behaviour of one bay (see f i g . 15) under a shear 
f o r c e Q, the f o l l o w i n g d e f o r m a t i o n mechanism w i l l be c o n s i d e r e d : 

1) t he d e f o r m a t i o n due t o the e l o n g a t i o n and s h o r t e n i n g o f the d i a g o n a l 
brace members,leading t o a displacement 5^ and a s t i f f n e s s . 

2) ' the d e f o r m a t i o n due t o the e l o n g a t i o n of the h o r i z o n t a l brace member, 
l e a d i n g t o a displacement 8^ and a s t i f f n e s s k^. 

3) the d e f o r m a t i o n due t o the r o t a t i o n and l o c a l bending o f the chord 
members and h o r i z o n t a l members, l e a d i n g t o a dis p l a c e m e n t 6 3and a 

s t i f f n e s s k^. 

I f i t i s assumed t h a t the s t i f f n e s s e s o f the t h r e e mechanisms are 
independent on each o t h e r , the c o n n e c t i o n o f the h o r i z o n t a l member and chord 
member i s i n f i n i t e l y s t i f f , and the c o n n e c t i o n o f t h e d i a g o n a l members 
does n o t t r a n s m i t moments, then the t o t a l s t i f f n e s s w i l l be the s e r i e s 
s t i f f n e s s o f k^ and k^ p a r a l l e l t o k^: 



c a l c u l a t i o n k̂ :̂ 
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e l o n g a t i o n o f the d i a g o n a l : 
Q d 

2 E Ad COS0 

d 
d i s p l a c e m e n t : 5^ - ^^^^ , u s i n g : COS0 = 

h 
2 d 

, and: 

Q s , leads t o : k. = 
E Ad h^ s 

2 d 

c a l c u l a t i o n o f k^: 

Q h 
e l o n g a t i o n of h o r i z o n t a l brace member: e^ - 4 ^ , l e a d i n g t o 

^2 = 
4 E Av S 

h 

c a l c u l a t i o n o f k^i 

From r e f . 13, f o l l o w s : 

24 s 
^3 = + 2 h s 

E I c p E Ihb 

For the s t i f f n e s s due t o a shear f o r c e Q i n the of the e q u i v a l e n t beam 

h o l d s : 

k = G Aeq = eq 
- ^ , u s i n g 
2 ( 1 + t') ®^ 

k = k3 + -j^l 
k. k 

leads t o : 

Aeq -
I c p 

48 ( 1 + l^) ^ ( 1 + ^) 
+ 2 h s d h 

Ihb Ad b2 s 4 Av s 
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Due t o the r e l a t i v e l y low bending s t i f f n e s s o f t h e h o r i z o n t a l braoe members 

the c o n t r i b u t i o n o f the f i r s t term i s 

can be n e g l e c t e d . 

l e s s than 1 p e r c e n t . Thus t h i s term 

Aeq = 
Ad b2 s 4 Av s 

T h i s s i m p l i f i c a t i o n a l s o makes the e x t e n s i o n t o t h r e e dimensions 

c o m p l i c a t e d 

e x t e n s i o n t o t h r e e dimensions 

A l l c o n t r i b u t i o n s t o the s t i f f n e s s due t o bending of the members w i l l be 

i g n o r e d . 

The d e f o r m a t i o n of the bay w i l l be a c o m b i n a t i o n of a t r a n s l a t i o n o f AC and 
BC i n i t s own plane (ACDF and BCEF) l e a d i n g t o B'C and A'C and a r o t a t i o n 
about DF and EF l e a d i n g t o A " C " and B"C". ( f i g . 16) 
The u l t i m a t e d e f o r m a t i o n due t o the shear f o r c e w i l l t h e n be 6^^,,. 

On one bay the shear f o r c e Q* l e a d s t o d e f l e c t i o n 5^^, 

Aeq = e q u i v a l e n t shear area o f a two d i m e n s i o n a l bay. 
Ash = e q u i v a l e n t shear area of the t h r e e d i m e n s i o n a l bay 

5 5 CC 
CC I I COS0 

Q = G Ash t Q = Q 
2 cos</) 
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6 Q s 
CC' 2 COS0 G Aeq 

, u s i n g these f o r m u l a t i o n s leads t o : 

Ash = 2 cos20 Aeq = 1 / 5 Aeq 

e q u i v a l e n t moment o f i n e r t i a l y , I z and t o r s i o n moment o f i n e r t i a I t . 

The 
the 
the 

moments o f i n e r t i a are d i r e c t l y r e l a t e d t o the c r o s s - s e c t i o n a l area o f 
cor n e r p o s t , i f the a x i a l f o r c e s i n the co r n e r p o s t s d e t e r m i n e most o f 
bending s t i f f n e s s . The t o r s i o n moment of i n e r t i a i s d i r e c t l y r e l a t e d t o 

the shear area o f the l e g . 

The f o r m u l a t i o n s are ( r e f . 1 7 ) : 

cross s e c t i o n area: A = 3 A c i 

Aci = c r o s s s e c t i o n a l area of c o r n e r p o s t 

shear area: Ash = 1.5 Aeq 
Aeq = e q u i v a l e n t shear area f o r t w o - d i m e n s i o n a l bay 

l y = I z = ^ A c i W2 2 

J = ^ Aeq W2 
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APPENDIX A4 

c o n d i t i o n e d s i m u l a t i o n ( t h e o r e t i c a l background) 

Only the main p r i n c i p l e o f t h e c o n d i t i o n e d s i m u l a t i o n w i l l be e x p l a i n e d 

h ere, f o r f u r t h e r d e t a i l s see r e f . 6. 

The o b j e c t i v e of c o n d i t i o n e d s i m u l a t i o n s i s t o min i m i z e t h e e r r o r 
a m p l i t u d e and phase between generated random wave k i n e m a t i c s and 
measured kinemat i c s . 

m 

Any v a r i a b l e (wave a m p l i t u d e , wave v e l o c i t i e s , f r e e s u r f a c e s l o p e and 
p r e s s u r e ) on which the s i m u l a t i o n i s t o be c o n d i t i o n e d may be r e p r e s e n t e d 

Vcond = Z Z T ( f .,e.,z) A c o s ( * + r ( f , z ) ) 
m 3 mj ] mj m] 3 

T f f iO ,z) = a m p l i t u d e t r a n s f e r f u n c t i o n 
mj : 

r ( f ,6.,z) = phase t r a n s f e r f u n c t i o n m̂  3 
^ = f r e e s u r f a c e wave a m p l i t u d e 
mj 

$ = f r e e s u r f a c e wave phase 
mj 

m = frequency s u b s c r i p t 
j = d i r e c t i o n a l s u b s c r i p t 

As lo n g as t h e c o n d i t i o n e d v a r i a b l e i s a l i n e a r f u n c t i o n o f t h e f r e e 
d i s placement i t w i l l be p o s s i b l e t o c o n d i t i o n a s i m u l a t i o n w i t h i t . 

The m i n i m i z a t i o n r o u t i n e r o u g h l y f o l l o w s the f o l l o w i n g s t e p s . F i r s t i t 
generates from t he g i v e n wave a m p l i t u d e spectrum a random r e a l i z a t i o n o f 
each c o n d i t i o n e d v a r i a b l e . At any f r e q u e n c y each v a r i a b l e i s a sum o f 
w a v e l e t s . V i a Fast F o u r i e r T r a n s f o r m a t i o n o f t h e measured v a r i a b l e an 
a m p l i t u d e and phase are o b t a i n e d a t each f r e q u e n c y . The a m p l i t u d e and phas 
a t each f r e q u e n c y i n i t i a l l y s i m u l a t e d w i l l be compared t o t h a t o f t h e 
measured one. By m a n i p u l a t i n g t he phases, a m p l i t u d e s and d i r e c t i o n s o f t h e 
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s i m u l a t e d w avelets i n the f o l l o w i n g way i t t r i e s t o m i n i m i z e t h e e r r o r : 

1) S h i f t t he phases of a l l the w a v e l e t s t he same amount 
2) S h i f t t he phase o f each w a v e l e t i n d i v i d u a l l y 
3) Change the d i r e c t i o n o f each w a v e l e t , then r e p e a t s t e p 2) 
4) M u l t i p l y a l l of the wa v e l e t a m p l i t u d e s by the same number 
5) M u l t i p l y each wa v e l e t a m p l i t u d e i n d i v i d u a l l y 

these f i v e steps are re p e a t e d u n t i l no r e d u c t i o n i n the e r r o r o c c u r s or an 

ac c e p t a b l e e r r o r l e v e l i s reached. 

É 
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APPENDIX AS 

c a l c u l a t i o n s 

lumped Morison c o e f f i c i e n t s , corner post 

The Morison e q u a t i o n w i t h lumped c o e f f i c i e n t s i s 

Bcp =.I, AREAcp.Cd p, ^ 1 = 1 1 

Acp =.I, VOLUMEcp.Cm p ^ 1 = 1 1 

AREAcp^ 

VOLUMEcp 
> 

.= volume per u n i t l e n g t h o f corner post i 

For a c i r c u l a r c o rner p o s t w i t h o u t r a c k s , the p r o j e c t e d area would be 
e q u i v a l e n t t o t h e diameter D and the volume e q u i v a l e n t t o 0.25 it D^ . 

When racks are a t t a c h e d t o the co r n e r p o s t , t he problem i s more complex. The 
racks make t h e c o e f f i c i e n t s dependent on the d i r e c t i o n o f f l o w a t t a c k and 
reduce the d i s t i n c t i o n between rough c o e f f i c i e n t s and smooth c o e f f i c i e n t s 

f o r Cd and Cm. 

NO u s e f u l e x p e r i m e n t a l v a l u e s are a v a i l a b l e , i n v e s t i g a t i o n o f these w i l l be 

c a r r i e d out by KSEPL i n t h e near f u t u r e . 

The p r o j e c t e d area w i l l be assumed t o be equal t o the d i a m e t e r o f the 
c i r c u l a r p a r t and a l l t h e i n f l u e n c e o f the racks w i l l be lumped i n t o t he 
drag c o e f f i c i e n t Cd. The c o r n e r p o s t w i l l assumed t o be smooth. 
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The Cd v a l u e f o l l o w s from t h e corner post c a l c u l a t i o n s o f t h e Maersk G i a n t 

The used f o r m u l a t i o n i s based on a c o m b i n a t i o n o f drag c o e f f i c i e n t s f o r a 

c i r c u l a r c y l i n d e r and f o r a f l a t p l a t e . 

Cd = 0-7 + (2 (D/d) - 0.7) s i n ^ a 

D = "dia m e t e r " rack t o rack 
d = diameter c i r c u l a r p a r t 

= f l o w a t t a c k a n g l e 

The d i r e c t i o n a l i n f l u e n c e o f the racks has been accounted f o r by a v e r a g i n g 

the angle dependent Cd v a l u e s over a range from a=0 t o a=7r. T h i s l e a d t o a 

Cd val u e equal t o 2.05. 

The i n f l u e n c e o f t h e racks on the volume w i l l be c a l c u l a t e d d i r e c t l y i n the 
volume and i s s i m p l y the sum o f the volume of the c i r c u l a r p a r t and the rack 
p a r t , i g n o r i n g d i r e c t i o n a l i n f l u e n c e s . The Cm v a l u e now i s 2.0 and i s t h e 
same f o r a l l members: c i r c u l a r and c o r n e r p o s t s . 

VOLUMEcp. = Ac + Ar [mVmM 

Ac = area c i r c u l a r p a r t 
Ar = area rack p a r t 

Ac = 0.25 TT d^ 

.DI + P2 . Ar = ( - d) t 

DI = l a r g e s t " d i a m e t e r " o f rack ( t o o t h t o t o o t h ) 
D2 = s m a l l e s t " d i a m e t e r " o f rack 
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n u m e r i c a l r e s u l t s 

D = 1.7 m; d = 1.0 m; p = 1025 kg/m'; DI = 1.26 m; D2 = 1,7 m; t = 0.1778 m 

i s g i v i n g : 

Acp = 5355.1 kg/m^ 
Bcp = 3151.9 kg/m2 

lumped Morison c o e f f i c i e n t s , brace members 

The M o r i s o n e q u a t i o n w i t h lumped c o e f f i c i e n t s f o r the brace members i s : 

12 ^/^ 1 
Bbm = ^ Z ,{0.5 p Cd Di ( 1 - s i n 2 0 cos2^ ) L i j Lb 1 = ̂  ^ 

Abm 
1 1 2 2 * • 

= — Z {0.25 TT p Cm Di ( 1 - sin2 0 cos^i// ) L i j 
Lb 1=^ ^ ^ 

i = member number i 
Di = di a m e t e r of member i [m; 
L i = l e n g t h o f member i [m 
(pi = o r i e n t a t i o n o f member i 
, ^ i = o r i e n t a t i o n o f f l o w d i r e c t i o n 

Lb = bay h e i g h t 

The Cd and Cm v a l u e s used by KSEPL a r e : 

Cd_rough = 1 . 2 0 Cm_rough = 2 . 0 
Cd-smooth = 0 . 6 3 Cm_smooth = 2 . 0 

The d i f f e r e n c e s due t o d i f f e r e n t f l o w a t t a c k a n g l e s ((3 = 0« t o (3=30M are 
about 1,5 %. The c a l c u l a t i o n s are made f o r (3 = 15°, g i v i n g an i n t e r m e d i a t e 

v a l u e . 
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ty p e s o f bays. The lower 

bays (#1 t o #5) and the upper bays (#6 t o #19). Bays w i t h h i g h e r numbers are 
always above the sea s u r f a c e . Bays l y i n g above mean sea l e v e l a r e assumed t o 
be smooth, w h i l e those below are assumed t o be rough. 

n u m e r i c a l r e s u l t s 

(see f i g . 14) f o r d e f i n i t i o n s 

L l = L2 = L4 = L5 = L7 = L8 

L3 = L6 = L9 
LIO = L l l =L12 

(analogue f o r D i ) 

bay #1 - #5: 

L l = 6,273 m; L3 = 11,000 m; LIO = 5,595 m; Lb = 4,000 m 

DI = 0,356 m; D3 = 0,406 m; DIO = 0,169 m 

0' = 56°; ^' = 60° 

Bbm = 2211,0 kg/m^ 
Abm = 2498,9 kg/m^ 

bay #6 - #19 

L l = 6,273 m; L3 = 11,000 m; LIO = 5,595 m; Lb = 4,000 m 

DI = 0,356 m; D3 = 0,406 m; DIO = 0,169 m 

0' = 56°; = 60° 

2211,0 kg/m2 ( r o u g h , #6 - #16) 
1161,0 kg/m^ (smooth, #17 - #19 
2233,0 kg/m^ 
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c a l c u l a t i o n s o f Abm from DYNAL added mass c a l c u l a t i o n s 

These c a l c u l a t i o n s have been c a r r i e d o u t by r u n n i n g t h e DYNAL program f o r a 
s i n g l e bay. DYNAL c a l c u l a t e s t he added mass i n t h r e e d i r e c t i o n s . Only t h e 
h o r i z o n t a l d i r e c t i o n s are i n case o f t h e e q u i v a l e n t beam i m p o r t a n t . 

Abm = ^ ^ ^ ^ - ^ f ^ 

bay #1 - #5: 

A b m _ x - d i r e c t i o n = 3291,7 kg/m^ 
A b m _ y _ d i r e c t i o n = 3538,3 kg/m^ 

bay #6 - #19 

A b m _ x - d i r e c t i o n = 2985,1 kg/m^ 
A b m _ y _ d i r e c t i o n = 3196,7 kg/m^ 
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APPENDIX A6 

damping e s t i m a t i o n 

The dynamic response of a s t r u c t u r e a t t h e n a t u r a l f r e q u e n c y i s 
by i t s damping r a t i o , d e f i n e d as percentage o f c r i t i c a l 

l a r g e l y 
damping: 

0 = c cr 

energy Damping i s caused by energy l o s s e s due t o f r i c t i o n i n the s t r u c t u r e , 
d i s s i p a t i o n a t the f o u n d a t i o n and v e l o c i t y d i f f e r e n c e s between t h e m o t i o n of 
the s t r u c t u r e and the f l u i d (hydrodynamic damping). 

There i s g r e a t u n c e r t a i n t y on t h e magnitude of each c o n t r i b u t i o n t o t h e 
tot.l damping r a t i o . For t h i s reason the damping has been e s t i m a t e d here by 
u s i n g the measured responses of the j a c k - u p . T h i s e s t i m a t i o n i s based on 
s e v e r a l s i m p l i f i c a t i o n s and s h o u l d t h e r e f o r e be c o n s i d e r e d as o n l y an 
i n d i c a t i o n o f t h e damping r a t i o . 

an e s t i m a t i o n of the damping r a t i o 

The p r i n c i p l e i s as f o l l o w s : 

From the measured s u r f a c e e l e v a t i o n spectrum S^^(o.) one can d e r i v e t h e 

spectrum S^,(.) of the a p p l i e d f o r c e on the s t r u c t u r e by u s i n g t h e Moriso n 

e q u a t i o n . The c o r r e s p o n d i n g response spectrum S^^(.) ( f o r example the 

o v e r t u r n i n g moment spectrum) f o l l o w s f r o m t h i s f o r c e spectrum v i a a 

f u n c t i o n . T h i s response spectrum can be d e r i v e d from the measurements 

w e l l . 
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I f t he drag p a r t o f the Morison e q u a t i o n i s n e g l e c t e d and t h e i n e r t i a 
c o e f f i c i e n t i s assumed t o be independent o f the f r e q u e n c y ( a t l e a s t ' i n the 

( C J ) frequency range c o n s i d e r e d i n t h i s a n a l y s i s ) , t he t r a n s f e r f u n c t i o n H 

from s u r f a c e e l e v a t i o n , t o a p p l i e d wave f o r c e F may be e s t i m a t e d by: H Fr?' 

= A. 

The t r a n s f e r f u n c t i o n from t h e a p p l i e d f o r c e s t o t h e dynamic response i s 
e s t i m a t e d as a c o n s t a n t B ( q u a s i s t a t i c p a r t ) , m u l t i p l i e d by the dynamic 
a m p l i f i c a t i o n f a c t o r o f a ' s i n g l e degree o f freedom' system: 

/ ( ( I - CJV^^^M . . n n 

t h u s , 

H (u) = B DAF(6;) 
rF^ 

NOW the damping x a t i o can be e s t i m a t e d from the r a t i o o f the response and 

s u r f a c e e l e v a t i o n s p e c t r a l v a l u e s a t the dominant wave f r e q u e n c y and the 

n a t u r a l f r e q u e n c y o f the s t r u c t u r e : 

S (u) = DAFM") S^^(w) 

The damping may be n e g l e c t e d a t t h e dominant wave f r e q u e n c y thus f o l l o w s 

DAFMOJQ) = 1 / ( 1 - "o'/"n'^ 

The DAF a t t h e n a t u r a l f r e q u e n c y i s o n l y dependent on t h e damping r a t i o : 

D A F M " ) = 1/(2 (3)'-n 
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A f t e r some a l g e b r a i t f o l l o w s t h a t : 

The r i g h t - h a n d s i d e can be e s t i m a t e d from t h e s p e c t r a d e r i v e d from the 
measurements. The f i r s t bending modes are a s s o c i a t e d w i t h t he over t u r n i n g 
moment, and the bow y - a c c e l e r a t i o n . The bow a c c e l e r a t i o n i n x - d i r e c t . o n 
shows heavy response a t the f i r s t t o r s i o n mode and so i s used t o 
e s t i m a t e the damping o f the t o r s i o n mode. 

^^^.^ ! l Z I l ! ^ f o l l o w s from the wave a m p l i t u d e spectrum of wave meter #1 

(see f i g . 22) and i s about 0,042. 

The r e s u l t s a r e l i s t e d i n t a b l e 31. 

one may conclude from t h i s t a b l e t h a t t he damping r a t i o f a l l s i n a range 
fr o m 1 p e r c e n t t o 3 p e r c e n t and may be dependent on t h e mode. The bending 
n,ode seems t o have more damping than t h e t o r s i o n . The y - d i r e c t i o n i n which 
the responses are t h e l a r g e s t (OTM-x) seems t o be more damped than the l e s s 
i m p o r t a n t x - d i r e c t i o n . 

É 
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APPENDIX A7 

f o u n d a t i o n s t i f f n p s s c a l c u l a t i o n 

The r o t a t i o n a l s t i f f n e s s f o l l o w s f r o m the f o l l o w i n g e q u a t i o n which i s 

d e r i v e d f o r c i r c u l a r , i n f i n i t e l y s t i f f p l a t e s on t o p o f a p e r f e c t l y 

h a l f space ( r e f . 1 8 ) : 

M 8 G 
" e ' 3 (I - i^) 

K = r o t a t i o n a l s p r i n g s t i 
6 

e - angle of r o t a t i o n 
M = moment over spudcan 
G = shear modulus 

= Poisson's r a t i o 
w 

R = f o o t i n g r a d i u s 

The h o r i z o n t a l p r o j e c t i o n of the spudcan i s a p o l y g o n ( f i g . 1 7 ) , b u t has 
been m o d e l l e d as a c i r c u l a r p l a t e w i t h an e q u i v a l e n t r a d i u s R of 9 meter 

The shear Poisson's r a t i o w i l l be around 0,25 f o r the f i r m sand c o n s i d e r e d , 
modulus G has been e s t i m a t e d as 30 MPa g i v e n t h e f i r m sand and the e x p ected 
s t r e s s l e v e l under p r e l o a d . The i n a c c u r a c y of t h i s v a l u e i s around 20% due 
t o the l a c k o f any s o i l d a t a , whereas the i n a c c u r a c y of the model i t s e l f xs 
n e g l i g i b l e f o r e l a s t i c a l l y behaving m a t e r i a l s . 

TWO phenomena which are n o t i n c l u d e d i n the model a f f e c t the s t i f f n e s s and 
w i l l be accounted f o r by m u l t i p l y i n g t h e s t i f f n e s s w i t h c o r r e c t i o n f a c t o r s . 
The f i r s t i s t h e r e d u c t i o n i n s t i f f n e s s when more b e a r i n g c a p a c i t y i s 
m o b i l i s e d . For i n s t a n c e t h i s may be a f a c t o r o f 2 i f the s o i l s t r e n g t h has 
been m o b i l i s e d f o r 50%. The second e f f e c t i s the i n c r e a s e by a t l e a s t t h e 
same f a c t o r o f s t i f f n e s s due t o " s e t t i n g " o f the spudcan and c o n s o l i d a t i o n 

o f the ground 
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Since t h e loads which have been c a l c u l a t e d i n t h i s r e p o r t i n d i c a t e t h a t the 
sea s t a t e s a nalysed are low ( t h e s t r e n g t h w i l l not be m o b i l i s e d by more than 

5%) t h e r o t a t i o n a l s t i f f n e s s i s expected t o have a v a l u e around: 

K = 0,6*10"-1,8*10« [kNm/rad] 
9 
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APPENDIX A8 

^e^^m^f-Ton o f the n a t u r a l p e r i o d by hand 

The n a t u r a l p e r i o d o f a j a c k - u p may be e s t i m a t e d by 

* 
where T = 2 TT / ( ~ ) 

^ K 

M 

K 

= e f f e c t i v e mass r e l a t e d t o one l e g 

* = e f f e c t i v e s t i f f n e s s o f one l e g 

I f the e x p r e s s i o n s , which are suggested by Odland ( r e f . 1 7 ) , are used 

th e f o l l o w i n g c a l c u l a t i o n o f the e s t i m a t i o n o f the n a t u r a l p e r i o d may be 

made. 

M* = (1/3) + C^ 

M = t o t a l mass o f h u l l and mass o f 
H 

p a r t o f the l e g s l o c a t e d above the lower guide 
= mass of one l e g l o c a t e d between t o p of spudcan and lower guide 

= 0,5 - 0,125 M 

= c o e f f i c i e n t which d e t e r m i n e s s t i f f n e s s o f f o u n d a t i o n ( f i g . H ) 
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* P 
K = ( 1 - — ) k 

E 

]r = = t r a n s v e r s e f + B Q 
f = bending f l e x i b i l i t y 
5 

f = shear f l e x i b i l i t y 
Q 

p = a x i a l f o r c e i n one l e g due t o f u n c t i o n a l l o a ds 

^ E 1 ^ E u l e r l o a d 
E 12 

E = Young's modulus o f e l a s t i c i t y 
I = average moment o f i n e r t i a o f the p a r t o f the l e g below t h e lower guides 

K = e f f e c t i v e l e n g t h f a c t o r = 2 ^ c 

C 3 E I 
^ 13 k 

k = — — where f + f ^ B Q 
]_3 3 n i d 

^B m ^ ^ " i l + M ' ^ l + M l 

1 a 1, . f = — - — ( 1 + -) where 
^ \ 1 + M d' 

0 

^0 

shear area o f one l e g between upper and lower guides 

moment of i n e r t i a o f one l e g between upper and lower guide 

A = average shear area o f one l e g below lower guide 
Q 

I = average moment of i n e r t i a o f one l e g below lower guide 
/3 = f r a c t i o n o f l e g bending moment r e a c t e d by l e g t o clamp c o n n e c t i o n 
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c a l c u l a t i o n s 

The f o l l o w i n g n u m e r i c a l v a l u e s belong t o the model used 

M = 1,8*10'^ Kg; = 1,3*10*^ Kg H t) 
1 = 95,9 m; E = 2,1*10^^ N/m^; G = E/2,6 = 3,5*10^°; 
d = 18,4 m; b = 4,6 m; /3 = 0,92; M = 1,07; I = 34 m̂  ; 1^ = 20,8 m̂  ; 

= 0,085 m2; A^^ = 0,086 mo

u s i n g these v a l u e s i n t h e v a r i o u s e q u a t i o n s h o l d s : 

M* = 7,7*10* Kg 

f = 3,87*10 « 
Q 

f = 1,33*10"« B 

K* = 1,86*10'' 

M T = 2 TT / ( — ) = 4,0 s 
n K 

T h i s i s c l o s e t o the n a t u r a l p e r i o d of T^ = 4,2 s c a l c u l a t e d by DYNAL, which 

s u p p o r t s the c a l c u l a t i o n method suggested by Odland. 

ri 
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TABLES 

Data Segment 

Maximum 
I n d i v i d . 
Wave Hgt 

Dominant 
Wave 
P e r i o d 

Mean 
C u r r e n t 
V e l o c i t y 

; seconds]| [m/s] 

Mean 
Wind 
Speed 
[m/s] 

D i r e c t i o n 
o f Wave 
P r o p a g a t i o n 
(see n o t e ) 

Note: t h e d i r e c t i o n o f wave p r o p a g a t i o n i s the predominant wave d i r e c t i o n 
and i s measured c l o c k w i s e from t r u e N o r t h . Waves are p r o p a g a t i n g toward t h i s 
d i r e c t i o n . The f i r s t a n g l e o f each p a i r i s t h e e s t i m a t i o n from t h e data o f 
c u r r e n t meter # 1 , the second i s the e s t i m a t i o n from c m . #2. 

Table 1 , summary o f met-ocean q u a n t i t i e s , r e f 1. 



I N T NB MASS OF S T E E L 
( m e t r i c - t o n s ) 

ADDED MASS 
( m e t r i c - t o n s ) 

BUOYANCY 
( k N e w t o n ) 

1 0 0 

1 0 1 

1 0 2 

1 0 3 

1 0 4 

1 0 5 

1 0 6 

1 07 

108 

1 09 

1 1 0 

1 1 1 

1 1 2 

1 1 3 

1 1 4 

1 1 5 

1 1 6 

1 1 7 

1 1 8 

1 19 

1 2 0 

1 2 1 

1 2 2 

1 2 3 

1 2 4 

1 2 5 

1 2 6 

1 2 7 

1 2 9 

1 3 0 

1 3 1 

1 3 2 

8 1 . 7 9 9 2 2 

59 . 2 7 0 9 7 

5 9 . 2 7 0 9 7 

5 9 . 2 7 0 9 7 

59 . 2 7 0 9 7 

5 9 . 2 7 0 9 7 

4 7 . 6 3 7 9 4 

47 . 6 3 7 9 4 

4 7 . 6 3 7 9 4 

4 1 . 8 2 162 

4 1 . 8 2 1 6 2 

4 1 . 8 2 162 

4 1 . 8 2 1 6 2 

4 1 . 8 2 162 

4 1 . 8 2 1 6 2 

4 1 . 8 2 1 6 2 

4 1 . 8 2 162 

4 1 . 8 2 162 

4 2 . 1 3 3 8 7 

4 2 . 7 4 4 6 4 

4 4 . 2 3 7 2 1 

4 9 . 0 1 8 8 9 

5 0 . 4 6 0 0 1 

5 1 . 8 7 9 6 9 

5 3 . 2 7 5 17 

5 2 . 4 3 0 0 0 

5 3 . 5 3 9 8 9 

5 0 . 8 0 5 7 0 

4 6 . 5 7 2 3 0 

4 3 . 2 9 2 9 8 

4 1 . 8 2 1 6 2 

4 1 . 8 2 162 

6 0 . 4 1 8 4 0 

1 6 . 4 5 9 6 0 

1 6 . 4 5 9 6 0 

1 6 . 4 5 9 6 0 

1 6 . 4 5 9 6 0 

1 6 . 4 5 9 6 0 

1 8 . 1 8 2 6 4 

1 8 . 1 8 2 6 4 

1 8 . 1 8 2 6 4 

1 8 . 1 8 2 6 4 

1 8 . 1 8 2 6 4 

18 . 1 8 2 6 4 

1 8 . 1 8 2 6 4 

1 8 . 1 8 2 6 4 

1 8 . 1 8 2 6 4 

1 8 . 1 8 2 6 4 

- 1 8 2 . 1 7 8 0 

- 1 8 2 . 1 7 8 0 

- 1 8 2 . 1 7 8 0 

- 1 8 2 . 1 7 8 0 

- 1 8 2 . 1 7 8 0 

- 1 9 8 . 8 2 5 8 

- 1 9 8 . 8 2 5 8 

- 198 . 8 2 5 8 

- 1 9 8 . 8 2 5 8 

- 1 9 8 . 8 2 5 8 

- 1 9 8 . 8 2 5 8 

- 1 9 8 . 8 2 5 8 

- 1 9 8 . 8 2 5 8 

- 1 9 8 . 8 2 5 8 

- 1 9 8 . 8 2 5 8 



MEMBER 
NB 

CROSS S E C T . 
AREA 
C fn • * 2 ) 

SHEAR AREA 

C m * * 2 ) 

MOMENT OF 
I N E R T I A C I x = I y ) 

T O R S I O N 
CONST. ( J ) 
C m * * 4 ) 

1 0 0 

1 0 1 

1 0 2 

1 0 3 

1 0 4 

1 0 5 

1 0 6 

1 07 

1 08 

1 0 9 

1 1 0 

1 1 1 

1 1 2 

1 1 3 

1 1 4 

1 1 5 

1 1 6 

1 1 7 

1 1 S 

1 1 9 

1 20 

1 2 1 

1 22 

1 23 

1 2 4 

1 25 

1 26 

1 27 

1 28 

T 29 

1 30 

3 . 2 2 5 7 9 9 8 0 

2 . 8 8 6 5 3 6 12 

2 . 8 8 6 5 3 6 12 

2 . 8 8 6 5 3 6 12 

2 . 8 8 6 5 3 6 12 

2 . 8 8 6 5 3 6 1 2 

0 . 9 4 5 8 3 0 3 5 

0 . 9 4 5 8 3 0 3 5 

0 . 9 4 5 8 3 0 3 5 

0 . 7 8 4 7 0 165 

0 . 7 8 4 70 165 

0 . 7 8 4 7 0 165 

0 . 7 6 4 7 0 165 

0 . 7 8 4 7 0 165 

0 . 7 8 4 7 0 165 

0 . 7 8 4 7 0 165 

0 . 7 8 4 7 0 165 

0 . 7 8 4 7 0 165 

0 . 7 8 4 7 0 165 

0 . 7 8 4 7 0 165 

0 . 7 8 4 7 0 165 

0 . 8 6 8 5 0 7 9 2 

0 . 8 6 8 5 0 7 9 2 

0 . 8 6 8 5 0 7 9 2 

0 . 8 6 8 5 0 7 9 2 

0 . 8 6 8 5 0 7 9 2 

0 . 8 6 8 5 0 7 9 2 

0 . 7 8 4 7 0 165 

0 . 7 8 4 7 0 165 

0 . 7 8 4 7 0 165 

0 . 7 8 4 7 0 165 

0 . 6 4 5 1 5 9 9 6 

0 . 0 5 4 4 2 1 23 

0 . 0 5 4 4 21 23 

0 . 0 5 4 4 2 1 2 3 

0 . 0 5 4 4 2 123 

0 . 0 5 4 4 2 123 

0 . 0 5 7 1 5 4 9 4 

0 . 0 5 7 1 5 4 9 4 

0 . 0 5 7 1 5 4 9 4 

0 . 0 5 7 1 4 1 5 8 

0 . 0 5 7 1 4 1 5 8 

0 . 0 5 7 1 4 1 5 8 

0 . 0 5 7 1 4 1 5 8 

0 . 0 5 7 1 4 1 5 8 

0 . 0 5 7 1 4 1 5 8 

0 . 0 5 7 1 4 1 5 8 

0 . 0 5 7 1 4 1 5 8 

0 . 0 5 7 1 4 1 5 8 

0 . 0 5 8 7 5 8 1 9 

0 . 0 6 1 7 5 3 6 6 

0 . 0 6 8 4 7 9 7 1 

0 . 0 7 6 3 2 7 4 7 

0 . 0 8 2 8 1 7 7 6 

0 . 0 8 9 0 5 8 7 6 

0 . 0 9 5 3 5 6 7 4 

0 . 0 9 0 2 3 9 7 1 

0 . 0 9 5 1 7 2 9 8 

0 , 0 9 7 5 6 3 3 2 

0 . 0 7 8 6 3 9 6 3 

0 . 0 6 1 7 5 3 3 5 

0 . 0 5 7 1 4 1 5 8 

7 0 . 7 5 9 10 187 

6 9 . 2 3 5 2 9 8 1 6 

69 . 2 3 5 2 9 8 1 6 

69 . 2 3 5 2 9 8 16 

69 . 2 3 5 2 9 8 16 

6 9 . 2 3 5 2 9 8 1 6 

2 2 . 6 8 6 3 0 7 9 1 

2 2 . 6 8 6 3 0 7 9 1 

22 . 6 8 6 3 0 7 9 1 

1 8 . 8 2 1 5 3 8 9 3 

1 8 . 8 2 1 5 3 8 9 3 

1 8 . 8 2 1 5 3 8 9 3 

1 8 . 8 2 1 5 3 8 9 3 

1 8 . 8 21 5 3 8 9 3 

1 8 . 8 2 1 5 3 8 9 3 

1 8 . 8 2 1 5 3 8 9 3 

1 8 . 8 2 1 5 3 8 9 3 

1 8 . 8 2 1 5 3 8 9 3 

1 8 . 8 2 1 5 3 8 9 3 

1 8 . 8 2 1 5 3 8 9 3 

1 8 . 8 2 1 5 3 8 9 3 

20 . 8 3 1 6 8 2 2 1 

20 . 8 3 1 6 8 2 2 1 

2 0 . 8 3 1 6 8 2 2 1 

20 . 8 3 1 6 8 2 2 1 

20 . 8 3 1 6 8 2 2 1 

2 0 . 8 3 1 6 8 2 2 1 

1 8 . 8 21 5 3 8 9 3 

18 . 8 2 1 5 3 8 9 3 

18 . 8 2 1 5 3 8 9 3 

1 8 . 8 2 1 5 3 8 9 3 

2 . 0 8 1 1 5 0 0 5 

. 9 5 7 9 8 8 9 8 

. 9 5 7 9 8 8 9 8 

. 9 5 7 9 8 8 9 8 

. 9 5 7 9 8 8 9 8 

. 9 5 7 9 8 8 9 8 

2 . 0 5 6 3 4 3 3 2 

2 . 0 5 6 3 4 3 3 2 

2 . 0 5 6 3 4 3 3 2 

2 . 0 5 5 8 6 2 4 3 

2 . 0 5 5 8 6 2 4 3 

2 . 0 5 5 8 6 2 4 3 

2 . 0 5 5 8 6 2 4 3 

2 . 0 5 5 8 6 2 4 3 

2 . 0 5 5 8 6 2 4 3 

2 . 0 5 5 8 6 2 4 3 

2 . 0 5 5 8 6 2 4 3 

2 . 0 5 5 8 6 2 4 3 

2 , 1 1 4 0 2 5 5 9 

2 . 2 2 1 7 9 7 9 4 

2 . 4 6 3 7 9 0 18 

2 . 7 4 6 140 24 

2 . 9 7 9 6 5 0 7 4 

3 . 2 0 4 1 9 1 6 8 

3 . 4 3 0 7 8 3 0 3 

3 . 2 4 6 6 8 0 2 6 

3 . 4 2 4 1 7 1 4 5 

3 . 5 1 0 1 7 2 1 3 

2 . 8 2 9 3 2 8 0 6 

2 . 2 2 1 7 8 6 7 4 

2 . 0 5 5 8 6 2 4 3 

1 3 1 0 . 7 8 4 7 0 165 0 . 0 5 7 1 4 1 5 8 1 8 . 8 21 5 3 8 9 3 2 . 0 5 5 8 6 2 4 3 
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Data Segment T o t a l H u l l Mass on Each Leg [ t o n s ' 
H u l l Mass Leg #100 Leg #200 Leg #300 
• t o n s ] Bow S t e r n P r t . S t e r n Stbd. 

#1 Feb, 4 
21:00 h 

15922 4800 5590 5530 

#2 Feb. 6 
01:40 h 

15794 4760 5550 5480 

#3 Feb. 8 
22:00 h 

15555 4729 5460 5366 

#4 Feb. 6 
03:10 h 

15794 4760 5550 5480 

Table 4, mass o f h u l l d i s t r i b u t i o n , r e f 1. 



LUMPED MASS 
( m e t r i c - 1 o n s ) 

3 7 8 9 . 0 2 6 9 

9 4 7 . 2 5 6 7 

3 1 8 8 . 1 7 4 5 

3 8 9 5 . 9 8 2 6 

3 9 6 7 . 1 7 15 

CROSS S E C T I O N A L A R E A : 3 . 2 2 5 8 m* * 2 

MOMENT GF I N E R T I A : 3 7 4 . 6 1 m * * 4 

T O R S I O N CONSTANT : 4 . 1 6 2 3 m* + 4 

SHEAR AREA : 3 . 2 2 5 8 m* + 2 

TOTAL MASS OF DECK 1 5 7 8 7 . 6 t o n s 

TOTAL MASS OF LEGS 
( s t e e l ) 

TOTAL ADDED MASS 

4 8 6 5 . 7 

7 9 2 . 4 

t o n s 

t o n s 

TOTAL BUOYANCY 8 6 9 7 . 6 kN 

5 ,Lumped deck masses, deckmember proper 



77 

Data Segment 

#1 

#3 

#4 

Feb. 4 
21:00 h 

Feb. 6 
01:40 h 

Feb. 8 
22:00 h 

Feb, 6 
03:10 h 

DYNAL-Model 

N a t u r a l P e r i o d ( s e c ) | L e g / H u l l , L e g / S o i l f i x i t y 

1st,2nd 
Bending 

1st 
Tors i o n Ru/P (%) 

4,21 3,45 

4,12 3,45 

4,18 3,44 

4,22 3,45 

22,1 

21,4 

20,9 

20,0 

y (-) 

1,23 

1,23 

1,23 

1,23 

1,07 

Table 6, c o n s t r a i n t s of the s t r u c t u r a l model and DYNAL r e s u l t s , r e f 1. 
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UFMRFR STIFFNESS OF PSEUDO MEMBER 
NB'̂ ''" K ( 1 ) K ( 2 ) _ K ( 3 ) ' ^ ' ^ [ k i p s / i n ] [ k i p s - i n c h / r a d ] 

1 0 5 1 0 . 3 E + 0 4 0 . 3 E + 0 4 0 . 0 
T 0 5 2 0 . 3 E + 0 4 0 . 3 E + 0 4 0 . 0 
, 0 5 3 0 . 3 E + 0 4 0 . 3 E + 0 4 0 . 0 
1 0 6 1 0 . 3 E + 0 4 0 . 3 E + 0 4 0 , 0 
1 0 6 2 0 . 3 E + 0 4 0 . 3 E + 0 4 0 . 0 
1 0 6 3 0 . 3 E + 0 4 0 . 3 E + 0 4 0 . 0 
1 0 6 4 

0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 
0 , 0 0 . 0 0 . 0 
0 . 0 0 , 0 0 . 0 

n iF - . n 2 0 1E+.02 0 . 1 E - M 6 0 . 2 t + 1 0 0 . 2 E t lO 0 . 7 E + I 9 

isii slins? i:\i:\t S J - s s:;i:ii 

18. A l l The member numbers l i s t e d i n t h i s t a b l e correspond t o those i n f i g . 
t h e pseudo members have a s m a l l a r t i f i c i a l l e n g t h o f 4,31 mm (= 0,17 i n c h ) , 
b u t a r e not p h y s i c a l beams. The s t i f f n e s s e s l i s t e d above have the f o l l o w i n g 

meaning: 

K ( l ) = s t i f f n e ;ss a l o n g member X a x i s 

K(2) = s t i f f n e ÏSS a l o n g member y a x i s 

K(3) = s t i f f n € 5SS along member z a x i s 

K(4) = stiffnï 2SS about member X a x i s 

K(5) = s t i f f n i Bss about member y a x i s 

K(6) = s t i f f n i ess about member z a x i s 

Members number 1051 t o 1053 and 1061 t o 1063 corre s p o n d t o t h e lower and 
upper guide c o n n e c t i o n , w h i l e t h a t members number 1064 t o 1066 c o r r e s p o n d 

t o t he leg/clamp c o n n e c t i o n 

Table 7, s t i f f n e s s e s o f pseudomembers 
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THE 
L E V E L 
( f t ) 

M I N I M I Z E D G R I D 
M I N I M U M X 

( f t ) 

0 
- 1 0 
- 2 0 
- 3 0 
- 5 0 
- 8 0 
1 20 
1 60 
2 0 0 
2 3 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

. 0 0 0 

108 
1 08 
1 08 
1 08 
1 08 
1 08 
1 0 8 
1 08 
1 08 
108 

8 0 0 
BOO 
8 0 0 
8 0 0 
8 0 0 
BOO 
8 0 0 
8 0 0 
8 0 0 
8 0 0 

HAS A RECTANGLE OF G R I D P O I N T S AT 
MAXIMUM X M I N I M U M Y MAXIMUM 

( f t ) 

EACH L E V E L 

( f t ) 

1 08 
1 08 
108 
1 0 8 
1 08 
108 
108 
1 08 
108 
1 OB 

8 0 0 
8 0 0 
8 0 0 
8 0 0 
8 0 0 
8 0 0 
8 0 0 
8 0 0 
8 0 0 
8 0 0 

6 4 . 
6 6 . 
6 2 . 
6 2 . 
6 2 . 
6 2 . 
8 3 . 
7 4 . 
6 2 . 
6 2 . 

8 4 4 
0 1 8 
3 5 0 
3 5 0 
3 5 0 
3 5 0 
1 3 3 
8 2 0 
3 5 0 
3 5 0 

( f t ) 

1 2 4 
1 2 4 
1 24 
1 2 4 
1 24 
124 
1 2 4 
1 24 
1 2 4 
1 2 4 

7 0 0 
7 0 0 
7 0 0 
7 0 0 
7 0 0 
7 0 0 
7 0 0 
7 0 0 
7 0 0 
7 0 0 

NUMBER OF G R I D P O I N T S 
AT T H I S L E V E L 

4 6 0 
2 2 4 
1 2 0 
1 20 

56 
56 
36 
25 
20 
20 

T O T A L N O N - S U R F A C E G R I D P O I N T S 1 1 3 7 

SURFACE G R I D D E S C R I P T I O N 

0 . 0 0 0 - 1 0 8 . 8 0 0 1 0 8 . 8 0 0 - 6 4 . 8 4 4 1 2 4 . 7 0 0 

T O T A L NUMBER OF G R I D P O I N T S 

460 

1 5 9 7 

Table 8, number o f g r i d p o i n t s and spacing per 
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# r e f . t o numb, o f ] V n o r t h \̂ Veast d i r e c t . ' ^ 

f i g . 20 p o i n t s ( k n o t s ) ( k n o t s ) ( k n o t s ) 

256 2,45E-2 7,20E-2 7,60E-2 189' 

2048 2,35E-2 6,45E-2 6,87E-2 195" 

2,09E-2 l,95E-2 2,86E-2 217* 

l,27E-2 3,44E-2 3,67E-2 197* 

Note 1) N o r t h and East o f c u r r e n t m e t e r . N o r t h o f c m . #1 = 2 6 1 - a n t i -

c l o c k w i s e t o p o s i t i v e x - a x i s . N o r t h o f c m . #2 = 2671 

Note 2) D i r e c t i o n w i t h r e s p e c t t o p o s i t i v e x - a x i s . Wind a c t i n g towards t h i s 

d i r e c t i o n . 

Table 9, c u r r e n t v e l o c i t i e s and angles 
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The r e l a t i v e change i n percentages o f the ' r e a l ' or unchanged p e r i o d i s : 

Yo 

* 100% 
T(Y=Yo) 

T ( . ) = n a t u r a l p e r i o d 
= v a l u e of the parameter t o be 

changed 
e ( x ) = r e l a t i v e change of 

n a t u r a l p e r i o d 
= percentage of 

change 
Yx = ( 1 + x/100)*Yo 

x=+10% x=-10% 

mass of the deck 
T(bending) 
T ( t o r s i o n ) 

+ 4.1 
+ 3.9 

-4.3 
-4.0 

f o u n d a t i o n s t i 
T(b.) 
T ( t . ) 

-1.6 
-1.5 

+ 1.8 
+ 1.7 

shear area 
T(b.) 
T ( t . ) 

-1.0 
-0.9 

+ 1.2 
+ 1.1 

x=+20% 

+ 8.1 
+ 7.6 

-3.0 
-2.8 

-1,9 
-1.7 

l e g clamps s t i 
T(b.) 
T ( t . ) 

-1.0 
-0.9 

+ 1.2 
+ 1,1 

-1.8 
-1.7 

x=-20% 

+ 3.9 
+ 3.9 

+ 2,8 
+ 2.5 

+ 2.4 
+ 2.2 

Yo 

1,0*10« 
kNm/rad 

Ta b l e 3 

Tab l e 7 

Table 10 ( I ) , r e l a t i v e change o f n a t u r a l p e r i o d , e(x) ( % ) , ( t o be c o n t i n u e d ) 
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x=+10% x=-10% x=+20% 

modul• of e l a s t . , E 
T(b. ) 
T ( t . ) 

-0.9 
-0,8 

+ 1.1 
+ 1.0 

moment of i n e r t i a , 
T (b.) 
T ( t . ) 

mass of the le g s 
T(b. ) 
T ( t . ) 

s t i f f n e s s upper guide 
T(b.) 

" T ( t . ) 

s t i f f n e s s lower guide 
T( b . ) 
T ( t , ) 

t o r s i o n c o n s t a n t 
T(b.) 
T ( t . ) 

-0.9 
-0,9 

+ 0.8 
+ 1.0 

-0.5 
-0.5 

-0.4 
-0.3 

-0,5 

+ 1.0 
+ 0.9 

-0.8 
-1.1 

+ 0.5 
+ 0.6 

+ 0.5 
+ 0.4 

-1.7 
-1.5 

-1,6 
-1.4 

+ 1.5 
+ 2.1 

-1.0 
-1.0 

-0.8 
-0.6 

+ 0.5 -0.9 

x=-20% Yo 

+2.4 2,1*10^^ 
+ 2.2 

+ 2.3 
+ 2.0 

-1.5 
-2.1 

+ 1.1 
+ 1.1 

+ 1.1 
+ 0.9 

+ 0.9 

(N/m^) 

Tab l e 3 

Ta b l e 2 

Table 7 

Table 7 

Table 3 

Table 10 ( I I ) , r e l a t i v e change o f n a t u r a l p e r i o d , e ( x ) (%) 
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amp l i t u d e o f 
d i s p l . j o i n t 
1024 ( i n ) 

U-max 

U-max 

U-max 

U-max 

Cd = 0,6 
Cm = 2,0 

Cd = 0,6 
Cm = 4,0 

6 Cd = 0,6 
Cm = 2,0 

Cd = 0,6 
Cm = 4,0 

T = 7,7 s 
H = 5,0 f t 

T = 4,0 s 
H = 5,0 f t 

0,092 0,176 

T = 7,7 s 
H = 10,0 f t 

0,237 0,176 

T = 7,7 s 
H = 20,0 f t 

0,756 1,150 

T = 10,0 s 
H = 60,0 f t 

5,614 6,374 

1,91 

1,75 

1,55 

1,14 

1,273 2,509 

T = 4,0 
H = 10,0 f t 

3,036 5,879 

T = 4,0 
H = 20,0 f t 

Not a s t a b l e wave 

5 

1,97 

1,94 

The f a c t o r S i s t h e r a t i o o f t h e e x c i t a t i o n f o r t h e Cm = 4' case and the 

Cm = 2' case 

Table 11, r e s u l t s o f changes i n the Morison e q u a t i o n terms. 
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Wave Meter 

#1 

#2 

number o f time s t e p s , 1 s t e p = 0,5 seconds 

s t e p 1 - 1024 1025 - 2048 

0,63895*10^ 0,63502*10^ 

0,94436*10^ 0,63534*10^ 

2049 - 4096 

0,62714*10^ 

0,59753*10^ 

Table 12, zero o r d e r moments of s u r f a c e e l e v a t i o n s p e c t r a {mM 

tim e i n t e r v a l , 1 s t e p = 0,5 seconds 

Wave Meter s t e p 1 - 1024 1025 - 2048 2049 - 4096 

#1 1,8453 1,8970 1,8049 

#2 2,2008 1,7483 1,7243 

Table 13, peak wave a m p l i t u d e exceeded by 10 % of a l l peak a m p l i t u d e s (m) 



- 85 -

MEAS. 

DYNAL 

BOW X-ACCELERATION 
(m / s 2 ) / ( r a d / s ) 

BOW Y-ACCELERATION 
( m / s 2 ) / ( r a d / s ) 

1 2 3 1 2 

0,03E-3 0,30E-3 0r65E-3 0,03E-3 0,95E-3 

0,02E-3 0,15E-3 0,78E-3 0,01E-3 0,28E-3 

3 

Dyn/Meas 

(-) 

0,67 0,50 1,20 0,33 0,29 

Table 14, peak v a l u e s o f Bow a c c e l e r a t i o n s p e c t r a , 1 s t i n t e r v a l 

MEAS-

DYNAL 

BOW X-ACCELERATION BOW Y-ACCELERATION 

(m/s^) 
Xl/3 

0,023 

0,022 

Xl/10 Xmax 

(m/s2) 
Yl/3 

0,030 0,037 0,020 

0,030 0,046 0,014 

Yl/10 Ymax 

0,026 0,031 

0,018 0,022 

Dyn/M 

(-) 

0,96 1,00 1,24 0,70 0,69 0,71 

Table 15, s i g n i f i c a n t peaks of Bow a c c e l e r a t i o n t i me h i s t o r i e s , 1 s t i n t e r v a l 
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X-SHEAR FORCE LEG #3 
(kN) V ( r a d / s ) 

Table 16, l e g #3 ( j o i n t #119), s i g n i f i c a n t peaks of x shear f o r c e s p e c t r a 
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MEAS. 

DYNAL 

BOW X-ACCELERATION 
(m/sM V ( r a d / s ) 

BOW Y-ACCELERATION 
(m/s^) V ( r a d / s ) 

1 2 3 1 2 3 

0,05E-3 0,10E-3 0,47E-3 0,03E-3 0r60E-3 

0,03E-3 0,15E-3 0,54E-3 0,01E-3 0,61E-3 

Dyn/M 

(-) 

0,60 1,50 1,15 0,33 1,02 

Table 17, peak v a l u e s o f bow a c c e l e r a t i o n s p e c t r a , 2nd i n t e r v a l 

MEAS. 

DYNAL 

BOW X-ACCELERATION 

(m/s^) 
Xl/ 3 Xl/10 

0,0197 0,0260 

0,0231 0,0290 

Dyn/Meas 

(-) 

1,17 1,12 

BOW Y-ACCELERATION 

(m/s^) 

Xmax 1 Yl/3 1 Yl/10 Ymax 

0,0337 1 0,0196 1 0,0261 
1 1 
1 0,0335 

1 
0,0378 1 0,0158 1 0,0192 

1 1 
1 0,0238 

1 1 
1 1,12 
1 ! 

1 1 0,81 
II 

1 0,74 
1 1 

1 0,71 1 

1 1 

Table 18, peak v a l u e s o f bow a c c e l e r a t i o n t i me h i s t o r i e s , 2nd i n t e r v a l 
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MEAS. 

DYNAL 

STERN X-ACCELERATION DENS 
(m/sM V ( r a d / s ) 

STERN Y-ACCELERATION DENS 
(m/sM V ( r a d / s ) 

1 2 3 

0,05E-4 0,25E-3 0,10E-3 0,02E-3 0,80E-3 0,40E-3 

0,01E-3 0,20E-3 0,09E-3 0,02E-3 O,61E-3 0,35E-3 

Dyn/M 2,00 0,80 0,90 1,00 0,76 0,88 

Table 19, peak v a l u e s o f s t e r n a c c e l e r a t i o n s p e c t r a , 2nd i n t e r v a l 

MEAS. 

DYNAL 

STERN X-ACCELERATION 

(m/sM 
Xl/3 Xl/10 Xmax 

0,0140 0,0189 0,0271 

STERN Y-ACCELERATION 

(m/s=) 
Yl/3 Yl/10 Ymax 

0,0259 0,0350 0,0451 

0,0150 0,0193 0,0236 0,0216 0,0307 0,0444 

Dyn/Meas 

(-) 

1,07 1,02 0,87 0,83 0,88 0,98 

Table 20, s i g n i f i c a n t peaks of S t e r n a c c e l . time h i s t o r i e s , 2nd i n t e r v a l 
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1 AXIAL FC 
1 ( k N ) V ( i 
1 1 

)RCE LEG #] 
:ad/s) 

2 

L 

3 

AXIAL FORCE LEG #: 
( k N ) V ( r a d / s ) 

1 1 2 3 

MEAS. 1 1,5*E04 8,5E04 — 8,0*E03 2,2*E04 — 

DYNAL 1 2,8*E04 1,1*E05 1,0*E04 5,6*E04 — 

Dyn/Meas. 1,87 

(-) 1 1 

1 
1,29 

1 1 
1,25 

1 

1 
2,56 

1 

— 

Table 2 1 , peak v a l u e s o f A x i a l f o r c e Leg #1 and Leg #2 f r e q u e n c y s p e c t r a , 
2nd i n t e r v a l 

AXIAL FORCE LEG #1 (kN) AXIAL FORCE LEG #2 (kN) 

Fl / 3 Fl/10 Fmax Fl / 3 F l/10 Fmax 

MEAS. 313,5 426 ,4 616,4 201,8 290,0 415,8 

DYNAL 284,1 374,2 541,6 221,6 282,4 380 ,8 

Meas/Dyn. 

(-) 

0,91 0,88 0,88 1,10 0,97 0,92 

Table 22, s i g n i f i c a n t peaks o f a x i a l f o r c e l e g #1 ( j o i n t 207) and l e g #2 
( j o i n t 3 0 7 ), 2nd i n t e r v a l 



- 90 -

AXIAL FORCE LEG #3 
(kN) V ( r a d / s ) 

1 2 

MEAS. 2,5*E04 1,7*05 

MEAS. 
SURFACE 1,8*E04 1,7*05 

DYNAL 3,0*E04 1,9*05 

3 

Dyn/Meas 

(-) 

1,20 1,12 

Table 23, peak v a l u e s o f a x i a l f o r c e l e g #3 f r e q u e n c y 2nd i n t e r v a l 



- 91 -

AXIAL FORCE LEG #3 (kN) 

F l / 3 Fl/10 Fmax 

MEAS, 361,2 491,9 630,1 

Dyn/Meas 0,91 0,88 0,88 

(-) 

Table 2 4 s i g n i f i c a n t peaks of a x i a l f o r c e l e g #3 ( j o i n t 107), 2nd i n t e r v a l 
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MEAS. 

DYNAL 

X-MOMENT LEG #1 
(kNm) V(i:ad/s) 

Y-MOMENT LEG #1 
(kNm) V ( r a d / s ) 

1,2*E06 6,8*E06 1,0*E06 O,6*E06 2,05*E06 

1,2*E06 6,5*E06 1,8*E06 1,5*E06 2,2*E06 

Dyn/M 

(-) 

1,00 0,96 1,80 2,50 1,07 

Table 25, peak v a l u e s o f bending moment l e g #1 s p e c t r a , 2nd i n t e r v a l 

MEAS. 

DYNAL 

X-MOMENT LEG #1 Y-MOMENT LEG #1 

(kNm) 
Xl/3 Xl/10 Xmax 

(kNm) 
Yl/3 Yl/10 

2425,4 3113,3 4134,0 1498,3 2110,6 

2030,3 2452,1 2885,0 1587,3 2089,9 

Ymax 

3009,0 

3121,0 

Dyn/Meas 

(-) 

0,84 0,79 0,70 1,06 0,99 1,04 

Tab l e 26, s i g n i f i c a n t peaks o f bending moment l e g #1 ( j o i n t 2 0 7 ) , 2nd 

i n t e r v a l 
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X-MOMENT LEG #2 
(kNm) V ( r a d / s ) 

Y-MOMENT LEG #2 
(kNm) V ( r a d / s ) 

MEAS. 1,0*E06 8,5*E06 1,0*E06 0,2*E06 2,1*E06 

DYNAL 1,3*E06 6,6*E06 1,6*E06 0,4*E06 2,3*E06 

Dyn/M 

(-) 

1,30 0,78 1,45 2,00 1,10 

Table 27, peak v a l u e s o f bending moment l e g #2 fre q u e n c y s p e c t r a , 2nd 

i n t e r v a l 

X-MOMENT LEG #2 Y-MOMENT LEG #2 

(kNm) 
Xl/3 Xl/10 Xmax 

(kNm) 
Yl/3 Yl/10 Ymax 

MEAS. 2662,8 

DYNAL 2080,3 

Dyn/Meas 

(-) 

0,78 

3600,5 4797,8 1408,7 1891,9 3117,0 

2875,6 3949,7 1528,1 1950,0 2305,3 

0,80 0,82 1,09 1,03 0,74 

Table 28, s i g n i f i c a n t peaks o f bending moment l e g #2 ( j o i n t 3 0 7 ), 2nd 

i n t e r v a l 
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X-MOMENT LEG #3 Y-MOMENT LEG #3 
(kNm) V ( r a d / s ) 
1 2 3 

( k N m ) V ( r a d / s ) 
1 2 3 

MEAS. 1,0*E06 6,3*E06 1,5*E06 1,9*E06 1,5*E06 

DYNAL 1,0*E06 6,5*E06 1,0*E06 1,8*E06 2,6*E06 

Dyn/M 

(-) 

1,00 1,03 0,67 0,95 1,73 

Table 29, peak v a l u e s o f bending moment l e g #3 f r e q u e n c y s p e c t r a , 2nd 
> 

i n t e r v a l 

X-MOMENT LEG #3 Y-MOMENT LEG #3 
(kNm) 
Xl/3 Xl/10 Xmax 

(kNm) 
Yl/3 Yl/10 Ymax 

MEAS. 2159,6 2856,9 3889,6 1836,0 2508,4 3716,0 

DYNAL 1782,2 2193,6 3167,8 1954,2 2477,0 3302,7 

Dyn/Meas 

(-) 

0,83 0,77 0,81 1,06 0,99 0,89 

Table 30, s i g n i f i c a n t peaks o f bending moment l e g #3 ( j o i n t 1 0 7 ) , 2nd 
i n t e r v a l 
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O v e r t u r n i n g Moment 
x - d i r e c t i o n (OTM-x) 

O v e r t u r n i n g Moment 
y - d i r e c t i o n (OTM-y) 

Bow x - a c c e l e r a t i o n 

(Acc-x) 

S (CJ^) r r 0 
S ( C J ) r r n 

1,48 0,10*10' 0,78*10 

1,52 0,31*10»I 0,36*10 

1,29 0,17/10^ 0,51/10^ 

P (%) 

2,47 

1,96 

1,43 

Bow y - a c c e l e r a t i o n 1,56 0,10/10-* 1,61/10^ 1,23 

(Acc-y) 

T a b l e 3 1 , e s t i m a t i o n o f damping r a t i o s from measured s p e c t r a l 
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F i g . l i , J a c k i n g mechanism 

F i g . 2 /Upper guide 



F i g . 3',Jack-up "Maersk G i a n t " 

F i g . 4 ,Cornerpost and brace members 
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i q . 5 ,Side view o f "Maersk Guardian" and measurement system. F i g 



LEG #3 

PORT 
W A V E SENSOR 

(elev. main deck handrail) 

176: 
257' 

BOW ACCELEROMETER 
(elev. jackhouse deck) 

CURRENT METERS 
(WAY BETWEEN CHORDS 

IN BAYS 10(c.m. #21 & 13(c.m. WD 
(elev. 6'above topofhoriz. member) 

'b'" T \ V - S T A R B O A R D 
W A V E SENSOR 

(elev. maindeck handrail) 

® - STRAIN 
G A G E S 

COMPUTER 
ELECTRONICS 

203' 

LEG #1 

100 FT 

A C C E L E R O M E T E R S : 

CURRENT METERS: 

* 

F i g . 6 /Plan view of Measurement System, r e f 
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F i g . 7 ,Spectra o f measured s u r f a c e e l e v a t i o n and deck a c c e l e r a t i o n s . 
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LINEAR 
EXT^R£TOLAT^qN 
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F i g . 8 , E x t r a p o l a t i o n and s t r e t c h i n g of wave k i n e m a t i 



OTHER LEGS ARE SIMILAR 

9 ,Complete l e g and modelled l e g . 
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UPPER LEG GUIDE 

MIDDLE LEG GUIDE 
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• 

(99,7 m ABOVE MUDLINE) 

LOWER LEG GUIDE 

F i g . 10 /Sketch of l e g guide system. 



F i g . 11 ,Moment and shear f o r c e d i s t r i b u t i o n under h o r i z o n t a l l o a d 
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F i g . 14 , D e f i n i t i o n s k e t c h . 



F i g . 15 / D e f i n i t i o n s k e t c h . 



F i g . 16 / D e f i n i t i o n s k e t c h , t h r e e - d i m e n s i o n a l d i s p l a c e m e n t s 



F i g . 17 ,Plan view and s i d e view of spudcan. 
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JOINT # 

F i g , 18 , J o i n t and member numbers 
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F i g . 20 ,Current v e l o c i t i e s and d i r e c t i o n s . 
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F i g . 24 /Surface e l e v a t i o n s p e c t r a 
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F i g . 28 , l s t , i n t . , wind speed spectrum. 
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F i g . 29 ̂OTM s p e c t r a , 3% damping 
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F i g . 30 ,OTM s p e c t r a , 2% damping 
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F i g . 36 , 2nd. i n t . , l e g #1 a x i a l f o r c e s p e c t r a 
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