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ABSTRACT 

T h i r t y  two t e s t s  have been performed t o  determine forces associated w i t h  

rubb le  i c e  moving against  a model cable-moored p la t fo rm,  us ing the  I I H R  i c e  

towing tank f a c i l i t y .  The rubb le  i c e  was formed by f reez ing  sheets o f  

doped i c e  t o  the  appropr ia te  th ickness (5  o r  and then breaking up these 

sheets us ing a  pushblade on the  motor ized car r iage.  The broken i c e  was s tored 

under i n s u l a t i o n  wh i le  f u r t h e r  sheets were grown. For the  tes ts ,  the  rubb le  

i c e  was spread i n t o  l aye rs  5, 50 and th i ck .  

The model p l a t f o r m  was f r e e  t o  surge, heave and p i t ch .  Restor ing forces 

i n  the  surge d i r e c t i o n  were provided by a  l e a f  sp r ing  designed t o  s imula te  a  

cable mooring system. Restor ing forces f o r  heave and p i t c h  r e s u l t e d  from the  

p la t fo rm 's  buoyancy. 

The rubble i c e  was pushed pas t  t h e  p l a t f o r m  a t  v e l o c i t y  o f  0.02, 0.04, 

0.10 or  Typical behavior i nvo lved  the format ion o f  an accumulation 

o f  rubble ice, o r  " i c e  prow," a t  t h e  lead ing  edge o f  the  p la t fo rm,  which would 

slough o f f  p e r i o d i c a l l y  and jam between the p l a t f o r m  and the  s ide o f  the  

tank. To avo id  t h i s  problem, a s e r i e s  o f  t e s t s  were conducted i n  which the 

p l a t f o r m  was towed through the ice ,  thus avo id ing the "jamming." 

For both the towed and s t a t i o n a r y  model, i c e  fo rces aga ins t  the  p l a t f o r m  

increased monotonical ly  w i t h  rubb le- layer  thickness. The e f f e c t  on i c e  fo rces 

o f  v e l o c i t y  was l e s s  c lear ,  w i t h  surge and heave forces showing apparent 

maxima w i t h  i c e  v e l o c i t y .  P la t fo rm p i t c h  angle remained e s s e n t i a l l y  constant  

w i t h  i c e  v e l o c i t y ,  w i t h i n  the  accuracy ob ta i  e  due t o  experimental scat ter .  
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p l a t f o r m  
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EXTENDED ABSTRACT 


e-moored p la t fo rms have considerable p o t e n t i a l  both as expl  o r a t i o n  

and product ion  p la t fo rms i n  r e l a t i v e l y  deep (100 f e e t  o r  g rea te r )  A r c t i c  

o f fshore  waters. One o f  the  i c e  cond i t i ons  which such p la t fo rms  w i l l  encoun-

t e r  i s  f i e l d s  o f  i c e  rubble. Th is  study was undertaken t o  examine the  fo rces  

exer ted on a  cable-moored by rubb le  ice .  

The t e s t s  were conducted a t  The U n i v e r s i t y  o f  Iowa's I n s t i t u t e  of Hydrau-

l i c  Research us ing  the i c e  towing tank there. The model t e s t e d  was a 

model, somewhat s i m i l a r  i n  shape t o  t h e  p la t fo rm.  The 

rubb le  i c e  was made from 0.7% urea s o l u t i o n  i c e  sheets e i t h e r  t h i c k  o r  

th i ck .  The i c e  sheets were broken i n t o  un i fo rm rubb le  mechanical ly  and 

s tored under po lys ty rene sheets u n t i l  rubb le  had been accumulated. 

The p l a t f o r m  was f r e e  t o  heave, p i t c h  and surge [ w h i l e  being r e s t r a i n e d  

from r o l l i n g ,  yawing, o r  swaying), w i t h  r e s t o r i n g  fo rces  being prov ided by 

buoyancy i n  the  case o f  heave and p i t c h ,  and by a  l e a f  sp r ing  i n  the  case o f  

the surge motion. The s t i f f n e s s  o f  the  l e a f  sp r ing  (0.5 was chosen t o  

be t o  the  mooring s t i f f n e s s  used on the  "Kul p la t fo rm.  

Tests were performed f o r  th ree  l a y e r  thicknesses o f  rubb le  i c e  ( s i n g l e  

l a y e r  th i ck ,  and a t  f o u r  impact speeds (0.02, 0.04, 0.1 and 

I n  t h e  i n i t i a l  s e r i e s  o f  t es ts ,  the  rubb le  i c e  was pushed pas t  the  p l a t -

form. Previous work and Ettema, i n d i c a t e d  the  format ion o f  

a s t a b l e  "prow" o f  i ce ,  b u t  i n  these t e s t s  no such s tab le  "prow" formed. 

Rather, a "prow" would s t a r t  t o  form, then slough o f f  t o  the  side, causing a 

jamming process t o  occur between tank and p lat form. To avo id  t h i s  phenomenon, 

which was n o t  f e l t  t o  be representa t ive ,  a number o f  t e s t s  were performed i n  

which the  p l a t f o r m  was towed through the  ice .  



Mean and peak va lues  o f  heave and surge f o r c e  i nc reased  m o n o t o n i c a l l y  as 

t h e  l a y e r  t h i ckness  increased, as d i d  t he  peak p i t c h  values. The mean p i t c h  

va lues  decreased f o r  t h e  t h i c k e s t  i c e  l a y e r .  Surge and heave bo th  appear t o  

show a maximum w i t h  v e l o c i t y ,  which p o s s i b l y  r e s u l t s  f rom resonance e f f e c t s ,  

w h i l e  t h e  peak va lues  o f  p i t c h  were appa ren t l y  c o n s t a n t  w i t h  i c e  v e l o c i t y .  

I n  a l l  cases, heave d isp lacement  and surge f o r c e  were g r e a t e r  f o r  t h e  

towed p l a t f o r m  than  f o r  t h e  s t a t i o n a r y  case. T h i s  a r i s e s ,  a t  l e a s t  i n  p a r t ,  

from t h e  added mass o f  t he  moving p l a t f o r m  and a l s o  from boundary e f f e c t s  

a r i s i n g  f rom t h e  s i d e  o f  t h e  tank. 
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I. INTRODUCTION 


A moored platform i n  ice-covered waters i s  l ikely to be impacted by 

f ields of moving ice rubble. This i s  especially t rue  when ice-breaking ships 

are extensively used to manage and break ice around the s tructure,  as was the 

standard operating procedure for the moored platform and 

Wright ,  1984; Loh and 1984; Pilkington e t  ., 1986). Prediction of 

ice  loads resulting from moored platform interaction w i t h  f ie lds  of ice rubble 

i s  complex because load magnitudes are governed by unpredictable patterns of 

ice-rubble accumulation around the platform and by platform motions during 

impact. In t u r n ,  patterns of ice-rubble accumulation, and platform motions, 

are influenced by rubble f ie ld  thickness, s ize distribution of constituent 

rubble ice,  and by speed of rubble-field impact. 

A. Scope o f  the Study 

This study i s  intended to extend the work reported by Matsuishi and 

Ettema They measured the load response and motions of both a moored 

and a fixed t e s t  platform of conical hull shape somewhat similar t o  t ha t  of 

"Kulluk." The t e s t  platform (see figure had a waterline diameter of 1.5 m,  

and i t s  conical shape flared to a cylindrical s k i r t  of diameter 1.0 m,  which 

l ines the bottom of the platform and i s  designed to protect the mooring cables 

for such a platform from di rec t  impact with the ice  (see figure 2 ) .  

In contrast with the study by Matsuishi and Ettema, in th i s  study only a 

"moored" platform was tested, and the mooring spring s t i f fness  was different  

from that  used by Matsuishi and Ettema. Also, the ice rubble was of different  

sizes,  being produced from sheets 5 and thick, as opposed to  the 

millimeter-thick, and much weaker flexural s t rength) ,  sheets used by 

Matsuishi and Ettema. 
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Prev ious  Work 

R e l a t i v e l y  l i t t l e  work has been pub l i shed  on i c e  loads  exe r ted  aga ins t  

i n v e r t e d  con i ca l  s t r u c t u r e s ,  e s p e c i a l l y  oads r e s u l t i n g  f rom moving f i e l d s  o f  

,. .. 	 r u b b l e  i ce .  Ra ls ton  (1980) and (1980, 1982) p resen ted  a n a l y t i c a l  

models f o r  n i  ng ice- sheet  oads aga ins t  c o n i c a l  s t r u c t u r e s ,  whi 1  s t  

F rede rk i ng  Frederk ing  and Schwarz (1982) and Wessels (1984) performed 

scale-model t e s t s  t o  determine i c e  loads  aga ins t  c o n i c a l  s t r u c t u r e s .  

s h i  and Ettema performed t e s t s ,  u s i n g  t h e  moored p l a t f o r m  used i n  

t h i s  study, t o  determine loads  due t o  b o t h  r u b b l e  i c e  and i c e  f loes.  F u r t h e r  

work on i c e  loads  exe r ted  a g a i n s t  moored p la t f o rms  i n  moving sheet i c e  i s  

g iven  i n  and Ettema a companion t o  t h i s  r e p o r t .  A more exten-

s i v e  rev iew o f  t h e  l i t e r a t u r e  concern ing  i ce- sheet  l o a d i n g  o f  s t r u c t u r e s  i s  

g iven  i n  Matsu ish i  and Ettema 

Hellmann (1984) r e p o r t s  t h e  r e s u l t s  o f  sma l l - sca le  t e s t s  conducted w i t h  a 

con i ca l  body t h r u s t  through enclosed i c e  rubble.  though t h e  oading cond i-

t i o n  i n  h i s  exper iments was n o t  f u l l y  s i m i l a r  t o  t h a t  o f  t h e  p resen t  study, 

h i s  da ta  g e n e r a l l y  reveal  some s i m i l a r  t r e n d s  t o  those  observed i n  i t. Other 

r e l a t e d  s tud ies ,  d e a l i n g  w i t h  s h i p  h u l l s  amidst  i c e  rubble,  were conducted by 

Ettema e t  a l .  Greisman (1981) and M e l l o r  (1980). As i n  t h e  p resen t  

study, Ettema e t  a l .  examined t h e  i n f l u e n c e  o f  r ubb le  s i z e  on r e s i s t a n c e  ( o r  

h o r i z o n t a l  fo rce)  and showed t h a t  ayers  compr is ing  l a r g e r  i c e- r u b b l e  p ieces  

g e n e r a l l y  produced a r g e r  r e s i s t a n c e  forces.  
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C. Equations of Motion of a Floating Moored Platform 

The genera1 form of the equation of motion for  a f loa t ing  moored platform 

can be expressed as: 

where term r e l a t e s  t o  platform i n e r t i a ,  term t o  damping, term 

t o  mooring and buoyant res tor ing forces and moments, and term to  i c e  

forces and moments. Bearing i n  mind  t h a t  a moored platform has s ix  degrees of 

freedom, and re fe r r ing  t o  f igure  9 fo r  axes, we have: 

where x ,  y, and a r e  heave, surge and sway, respectively;  and 8 and 

a r e  yaw, ro l l  and pi tch,  respectively.  The force vector i s  given as 

where a r e  the pressures i n  the direct ions;  A i s  the contact  

area between the rubble i ce  and the platform; and are  moment arms 

associated w i t h  orthogonal l i n e s  of action of i c e  pressure against  the h u l l .  
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1.50m/s. 

simi 1 "Kul- 

1:45 

p l  atform. 

Note t h a t  shear and f r i c t i o n  fo rces  between i c e  and h u l l  have been neglected 

i n  t h i s  representat ion.  I n  f reez ing  brash ice,  f o r  instance, such an assump-

t i o n  may be i n v a l i d .  

As discussed below, f o r  these t e s t s  z, were 	 const ra ined t o  be and 
Y 

zero. S i m i l a r l y ,  through x and were measured d i r e c t l y ,  y was i n f e r r e d  by 

means o f  measuri ng, w i t h  a oad c e l l ,  the  r e s t o r i n g  f o r c e  exer ted  by the  ea f  

sp r ing  i n  the mooring harness. 

PROCEDURE 

A. Test  F a c i l i t i e s  

1. 	 I I H R  I c e  Towing Tank 

Experiments were conducted us ing  t h e  I I H R  i c e  towing tank which i s  

long by wide by deep (see f i g u r e  I c e  sheets can be grown on i t  a t  

a  maximum th i cken ing  r a t e  o f  pe r  hour. 

A  motor ized ca r r i age  (see f i g u r e  was used e i t h e r  t o  push the  i c e  

rubb le  aga ins t  the  p l a t f o r m  (done i n  two se r ies  o f  t e s t s )  o r  t o  p u l l  the  

p l a t f o r m  through the  rubb le  i c e  (done i n  one t e s t  se r ies ) .  The ca r r i age  can 

move a t  v e l o c i t i e s  between 0.001 and V e l o c i t y  i s  measured by means 

o f  a photo-detector  and a wheel w i t h  r e g u l a r l y  space holes mounted on the  

shaf t .  

2. 	 The Test  P la t fo rm 

The t e s t  p l a t f o r m  i s  a r  t o  the  e x i s t i n g  cable-moored p l a t f o r m  

l u k "  a t  scale. P r i n c i p a l  dimensions o f  both " Ku l l uk"  and the  t e s t  

p l a t f o r m  are given i n  Table 1, wh i le  f i g u r e  5 shows a  d e t a i l e d  drawing o f  t he  

t e s t  



(Matsuishi  1985b): 

K s  0.5kN/m. 

(b)  Kh 17.3N/m. 

( c )  Kp 35.lkNm/ 

-r t ' -a  

(LVDT' s)  

LVDT's 

A f l o a t i n g  cable-moored p l a t f o r m  can be considered a f f e c t e d  by th ree  

l i n e a r  r e s t o r i n g  fo rces  o r  moments and Ettema, 

(a )  	 A hor i zon ta l  mooring force,  modeled i n  t h i s  case by means o f  a 

l i n e a r  l e a f  sp r ing  w i t h  s t i f f n e s s  = 

A v e r t i c a l  foundat ion r e a c t i o n  fo rce  due t o  buoyancy; = 

A foundat ion reac t i on  moment again due t o  buoyancy; = 

degree. 

3. Ins t rumenta t ion  

As noted above, the  p l a t f o r m  was at tached i n  two d i f f e r e n t  ways; e i t h e r  

t o  the  car r iage,  from which i t  was towed, o r  t o  the ins t rument  beam. However, 

i n  bo th  cases the ins t rumenta t ion  o f  the p l a t f o r m  was the  same. 

The p la t fo rm was connected t o  e i t h e r  the bea , ca r r i age  by way o f  a 

l i n e a r  mooring harness and a l o a d  c e l l  (a  490-Newton NISHO DENKI LMC-3502-50 

load  c e l l )  as shown i n  f i g u r e  6. The mooring harness (see f i g u r e  7) comprised 

a p a i r  o f  e l a s t i c  l e a f  springs, a s p l i n e  bearing, s t roke bearings and un iver-

sal bearings. Yawing and swaying o f  the p l a t f o r m  were r e s t r i c t e d  by two 

v e r t i c a l  rods l oca ted  f o r e  and a f t  on the p lat form. As shown i n  f i g u r e  8, t he  

rods were constra ined t o  s l i d e  i n  s l o t s .  Thus, the p l a t f o r m  had th ree degrees 

o f  freedom f o r  motion; heave, p i t c h  and surge. 

Heave 	 and p i t c h  motions were measured by means o f  two l i n e a r  vo l tage 

d i s p l  acement transducers , which sensed the  v e r t i c a l  motion o f  t he  

p la t fo rm a t  two p o s i t i o n s ,  fore and a f t .  The were 	 e x c i t e d  using 12 
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v o l t s  	w i t h  a f u l l  s t roke  range of 

Locations of the  measuring sensors and t h e  p o s i t i v e  d i r e c t i o n s  of record-

ed data a r e  shown i n  f igure  9.  The output  voltages were scanned with a d i g i -

t a l  voltmeter and then s e r i a l l y  t ransmit ted  t o  the  IIHR computer 

system f o r  d i s c  storage.  Data acqu i s i t ion  bandwidth was though each 

channel was sampled a t  a  r a t e  of e i t h e r  7 o r  

4 .  	 Transducer Cal i b r a t i o n  

For each of the  data- logging transducers,  the  zero level  and s e n s i t i v i t y  

were determined before each t e s t .  

The load c e l l  output  voltage,  v, was measured f o r  an ampl i f ier- created  

c a l i b r a t i o n  s t r a i n  The s e n s i t i v i t y ,  S, of the load c e l l  was evaluated a s  

where C i s  a predetermined r a t i o  of s t r a i n  t o  the  force  experienced by the  

transducers. 

S e n s i t i v i t i e s  of the  LVDT' s were evaluated by measuring the  vol tage 

change f o r  a  given displacement of the  transducer rod. The s e n s i t i v i t y  of the  

ca r r i age  veloci ty  measurement was determined by c o r r e l a t i n g  the  output  voltage 

w i t h  the mean ca r r i age  veloci ty  as measured with a length s c a l e  and s top 

watch. Table 2 i s t s  	the  c a l i b r a t i o n  coef f i c ien t s .  
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B. Model I c e  Rubble 

The growth o f  the i c e  rubb le  sheets was a two stage process. F i r s t ,  an 

unseeded sheet was grown from a 0.7% urea s o l u t i o n  t o  the  des i red  th ickness 

( e i t h e r  5 o r  Th is  sheet was then broken up by an attachment on the  

push-blade o f  the  towing ca r r i age  and, by use o f  screens, s to red  under i nsu la-

t i o n  a t  one end o f  the  tank. Th is  process was repeated u n t i l  between 7 and 10 

sheets had been grown. A t  t h i s  po in t ,  s u f f i c i e n t  i c e  had been c o l l e c t e d  f o r  

t es t i ng .  The i c e  was then spread over the  tank sur face t o  the  requ i red  l a y e r  

thickness. Three thicknesses o f  rubb le  ayer were tested; s i n g l e  ayer, 

l a y e r  and l a y e r .  Between tes ts ,  the  l a y e r  was c a r e f u l l y  groomed t o  

achieve again a un i fo rm thickness. Table 3 g ives  the  rubb le  s i z e  d i s t r i b u t i o n  

and l a y e r  po ros i t i es .  Mean and standard dev ia t i on  o f  two s i z e  d i s t r i b u t i o n s .  

Po ros i t y  o f  each l a y e r  0.36. 

C. 	 Tes t  Procedure 

A t o t a l  o f  32 t e s t s  were performed o f  which 13 were w i t h  the  p l a t f o r m  

towed by the carr iage.  A l l  o f  these l a t t e r  t e s t s  were f o r  5 ­ m i l l ime te r- th i ck  

rubb le  ice.  The t e s t s  i n  which the  p l a t f o r m  was at tached t o  the  inst rument  

beam used both  5 and t h i c k  i ce .  The impact v e l o c i t i e s  used were 0.2, 

0.1, 0.04 and 

PRESENTATION OF RESULTS 

A. Data 

I n d i v i d u a l  t ime se r ies  from the  t e s t s  are presented i n  a separate adden-

dum t o  t h i s  repo r t .  The data obta ined from the  d i g i t a l  vo l tmeter  was con-

verted, by means of a simple computer program, t o  "engineer ing"  values f o r  
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f o r ce ,  f o r  heave, degrees f o r  p i t c h ) .  The t i m e  h i s t o r i e s  were a l s o  ana-

l y z e d  t o  g i v e  t h e  temporal  mean, s tandard  d e v i a t i o n  about  t h e  mean, and maxi-

mum and minimum va lues  f o r  t h e  va r i ab le .  The mean was t aken  o n l y  f o r  t h e  

p e r i o d  i n  which s teady s t a t e  was achieved. Table 4  g i v e s  t h e  r e s u l t s  f o r  t h e  

t e s t s  i n  which t h e  p l a t f o r m  was a t t ached  t o  t h e  i n s t r u m e n t  beam, w h i l e  t a b l e  5  

g i ves  t h e  r e s u l t s  f o r  those t e s t s  i n  which t h e  p l a t f o r m  was towed by t h e  

ca r r i age .  

B. S t a t i o n a r y  

F i g u r e s  11 through 14 show t h e  v a r i a t i o n  o f  surge f o r ce ,  heave d i s p l a c e-

ment and p i t c h  ang le  w i t h  impac t  speed f o r  t h e  p l a t f o r m  a t t ached  t o  t h e  i n -

s t rument  beam. Note t h a t ,  f o l l o w i n g  t h e  p r a c t i c e  o f  Ma tsu i sh i  and Ettema 

mean va lues  and mean va lues  p l u s  two s tandard  d e v i a t i o n s  a r e  p l o t t e d .  

The l a t t e r  i s  i n t ended  t o  i n d i c a t e  maximum va lue  o f  a  measured q u a n t i t y ;  

o f  fo rce .  

Fo r  r u b b l e  formed o f  t h e  5 - m i l l i m e t e r - t h i c k  i ce ,  surge f o r c e  appears 

( f i g u r e s  l l a ,  and t o  show a  maximum a t  i c e  impac t  speeds o f  between 

0.05 and Heave ( f i g u r e s  l l b  and a l s o  shows a maximum i n  

t h e  same v e l o c i t y  range. P i t c h  data ( f i g u r e  e x h i b i t  some s c a t t e r  and, 

w h i l e  t h e r e  i s  a s i m i l a r  maximum f o r  t h e  l a y e r ,  no such maximum i s  

obv ious f o r  t h e  5 and l aye rs .  Conversely,  f o r  t h e  2 5 - m i l l i m e t e r - t h i c k  

i c e ,  i n  a s i n g l e  l a y e r ,  surge f o r c e  and heave i n c r e a s e  m i l d l y  w i t h  i n c r e a s i n g  

speed. The p i t c h  data, though sugges t ing  a maximum o f  p i t c h  a t  

show n e g l i g i b l e  v a r i a t i o n  w i t h  speed. The occurence o f  maximal moor ing f o r c e  

can be a t t r i b u t e d  t o  conges t ion  of r u b b l e  i c e  between t h e  p l a t f o r m  and t h e  

tank  wa l l s .  As ment ioned e a r l i e r ,  such conges t ion  developed because i c e  prows 
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t h a t  formed a t  t he  l ead ing  per imeter  o f  t he  p l a t f o r m  sloughed towards i t s  

s ides becoming congested between the  p l a t f o r m  and the  tank w a l l  s. The 

congest ion e f f e c t i v e l y  placed the  p l a t f o r m  amidst a th ickened l a y e r  o f  rubb le  

and lead  t o  increased i c e  fo rces  be ing exer ted  aga ins t  t he  p la t fo rm.  The 

congest ion o f  rubble i c e  was greates t  f o r  t h e  speed range o f  0.02 t o  

A t  ower speeds, creeping speeds, se-bows remained s t a b l e  a t  t he  

l ead ing  per imeter  o f  t h e  platform. For  speeds h igher  than t h i s  range, 

bows were s u f f i c i e n t l y  d imin ished i n  s i z e  t h a t  t h e i r  i n f l u e n c e  on i c e  forces 

decreased. 

F igures 15 through 18 show the  v a r i a t i o n  o f  surge fo rce ,  heave and p i t c h  

w i t h  l a y e r  th ickness f o r  the  5- mi l l ime te r- th i ck  i ce .  I n  a l l  cases, surge 

fo rce  and heave increase monotonical ly  w i t h  i nc reas ing  ayer thickness. For  

impact v e l o c i t i e s  o f  0.02 and the re  i s  an obvious upward curve t o  the  

data, which i s  no t  c l e a r l y  present  f o r  v e l o c i t i e s  o f  0.04 and For 

the  p i t c h  data, the  increase o f  peak values w i t h  l a y e r  th ickness i s  apparent 

f o r  v e l o c i t i e s  up t o  though the  mean values do n o t  show t h i s  

increase, a t  t he  l a y e r  th ickness.  However, f o r  i c e  impact v e l o c i t y  o f  

p i t c h  angle shows a maximum f o r  bo th  peak and mean values. 

C. Towed 

Figures 19 through 21 show the v a r i a t i o n  o f  heave, surge f o r c e  and p i t c h  

w i t h  i c e  speed f o r  those t e s t s  i n  which the  was towed through the  i c e  

by the  car r iage.  

F igures 22 through 24 show heave, p i t c h  and surge force,  respec t i ve l y ,  as 

func t i ons  of i c e  l a y e r  th ickness.  Again, a t  t he  th ree  v e l o c i t i e s  shown (0.04, 

0 surge f o r c e  and heave increase monotonical l y  w i t h  ayer  
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thickness, though no upward curvature  i s  apparent i n  t h i s  case. Sca t te r  i n  

the  data obscures any t rends o f  p i t c h  w i t h  l a y e r  th ickness.  However, peak 

values a t  0.10 and show c l e a r  monotonic increases, wh i l e  t h e  mean 

values drop o f f  a t  the  thickness. 

Visual Records 

Video tape recordings were made o f  a l l  t e s t s  v iewing the  impact zone 

between i c e  rubb le  and p la t fo rm.  Underwater video recordings were a l so  made 

o f  many tes ts ,  again viewing t h e  impact zone. A f t e r  each t e s t ,  t h e  bottom o f  

the  was swept c lean and any i c e  under the re  was photographed a f t e r  

t h e  sweeping process. 

DISCUSSION 

A. ita t ive  Observations 

It was expected t h a t ,  as t h e  i c e  moved aga ins t  the  p la t fo rm,  a s t a b l e  and 

s t a t i o n a r y  cone o f  i c e  would form as a "false-bow" a t  the  p l a t f o r m ' s  l ead ing  

perimeter.  And, as a consequence o f  t h i s ,  surge force, heave and p i t c h  would 

a l l  increase u n t i l  a  s t a b l e  cone had formed, a t  which p o i n t  they would remain 

e s s e n t i a l l y  constant. T h i s  expectat ion was based on the  observat ions o f  

Matsuishi  and However, r a t h e r  than a cone ach iev ing  

b i l i t y ,  i c e  cones would form and grow, then s lough- of f  t o  one side. Often t h e  

sloughed o f f  cone would jam between the  s ide  o f  t he  tank and t h e  p la t fo rm,  

adding considerably t o  t h e  f o r c e  subsequently exer ted  aga ins t  the  p l a t f o r m  by 

the  blocked advancing rubb le  d. I n  e f f e c t ,  t h i s  behavior,  

combined w i t h  the  confinement o f  the  tank sides, transformed t h e  rubb le  f i e l d  

t o  a pressur ized rubb le  f i e l d .  However, t h i s  may r e f l e c t  nature i n  t h a t  as a 
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rubb le  f i e l d  f lows around a s t r u c t u r e  t h e  " f a r  f i e l d "  o f  t he  rubb le  f i e l d  

e f f e c t i v e l y  provides a degree o f  confinement. I n  o ther  words, i n  nature, a 

rubb le  d provides t o  some e x t e n t  i t s  own confinement. 

B. Towed versus Stationary Pl  atfonn 

I n  an at tempt t o  avo id  the  confinement discussed above i t  was decided t o  

perform a se r ies  o f  experiments i n  which the  p l a t f o r m  was towed through the  

ice .  Th is  o f  course does n o t  model nature, as s i g n i f i c a n t  water cu r ren ts  

occur around the  p la t fo rm.  But the  hope was t h a t  i n  t h i s  way the  jamming t h a t  

had been observed when the  p l a t f o r m  was at tached t o  the  beam cou ld  be avoided, 

s ince i t  was f e l t  t h i s  jamming was n o t  r e f l e c t i v e  o f  na ture  e i t h e r .  The 

expecta t ion  then, was t h a t  t h e  towed p l a t f o r m  would experience a lower  surge 

fo rce  (a l so  heave and p i t c h )  than the  p l a t f o r m  at tached t o  the beam. However, 

the opposi te was observed. I n  a l l  cases heave was g rea te r  f o r  the  towed 

plat form. P i t c h  was approximately equal i n  the  two cases, i f  anything, 

s l i g h t l y  g reater  i n  the  towed experiments. Surge fo rce  was d e f i n i t e l y  g rea te r  

i n  the  towed experiments f o r  the  5 and 50-mil ime te r- th i ck  l aye rs .  

The h igher  fo rces  and motions experienced i n  towed experiments, over 

aga ins t  the  s t a t i o n a r y  experiments, a r i s e  from the manner i n  which the  mean 

and peak values are obta ined f o r  t h e  s t a t i o n a r y  tes ts .  As can be seen i n  

f i g u r e  25, the surge forces on the  towed p l a t f o r m  rose t o  a p la teau and then 

remained e s s e n t i a l l y  constant.  I n  cont ras t ,  see f i g u r e  26, f o r  t he  s t a t i o n a r y  

p la t fo rm the force reached an i n i t i a l  p la teau (corresponding t o  dormation o f  a 

s t a b l e  " false-bow") b u t  then rose t o  much h igher  values as the  "false-bow" 

sloughed o f f  and jammed aga ins t  t he  s ide  o f  t he  tank. As t h i s  l a t t e r  process 

was considered "unnatural,"  mean and peak values f o r  t he  s t a t i o n a r y  p l a t f o r m  
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were taken from the i n i t i a l  plateau. Values for the towed platform are higher 

than the stationary platform values because of added mass effects .  

C. Mean and Peak Values 

Matsuishi and Ettema noted tha t  the variation of surge force and 

heave with ice thickness were essentially l inear .  A similar resul t  i s  found 

here. Matsuishi and Ettema also noted tha t  the pitch changed sense 

with increasing ice  thickness and also became more scattered the stan-

dard deviation increased signif icant ly) .  While the pitch angle did not change 

direction i n  these experiments, the mean value did decrease a t  the highest 

layer thickness, and the standard deviation a t  tha t  condition was considerably 

greater than for the other layer thickness. Matsuishi and Ettema 

suggested t h i s  effect  a r i ses  from a change i n  pressure dis tr ibut ion (from the 

as a resul t  of a different  layer thickness. The resul ts  observed here do 

not contradict t h i s  expl 

The apparent maximum observed in surge force as a function of ice veloc-

i ty  may be an ar tefact  of experimental scat ter .  However, the f a c t  tha t  the 

maximum shifted to  a higher velocity for the larger thick) ice pieces 

raises the possibili ty of some resonance effect.  Further experimental work i s  

needed to elucidate t h i s  point. However, from Table 6 (which shows the natur-

al period of osci l lat ion and the logarithmic of the platform for 

pitch, heave and surge), in combination w i t h  Table 3 which shows character-

i s t i c  lengths, of the ice rubble pieces, i t  may be possible to provide a 

rationale for the maximum. On average we would expect a new piece of ice to  

impact the platform every t seconds where: 
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where v is the velocity of the ice.  For the 

The maximum in surge force occurs a t  V = for  the 

5 

= 

thick ice ,  and a t  V for  the 25-millimeter-thick ice.  T h u s  the 

c r i t i c a l  values of t in these two cases are t = 0.6s for  the thick ice  and 

t = 0.5s for  the 25-millimeter-thick ice .  While there  i s  considerable s c a t t e r  

affect ing this analysis both i n  terms of the position of the  maximum and the 

dis t r ibut ion of ice  s i ze s ,  i t  i s  in te res t ing  to note t ha t  both values of 

a re  approximately 118th of the natural period of the surge force,  or the t h i rd  

harmonic of the resonant frequency. T h u s  the maxima observed may be a reson-

ance e f fec t .  Supporting t h i s  i s  the f a c t  t h a t  no maximum i s  apparent for  the 

5-mill imeter-thick ice  in the 100-mill ayer t e s t s .  In t h i s  case, many 

pieces of ice  would be impacting the platform almost continually,  i n  con t ras t  

to the s ingle  layer t e s t s  in which a resonance e f f e c t  should be readily 

apparent. 

V. 

While this work was intended as a preliminary investigation of loads on 

moored platforms due t o  i c e  rubble, the following conclusions can be made: 

1. In cont ras t  t o  the behavior observed by Matsuishi and Ettema 

some degree of cycl ic  behavior was observed in the surge force. This arose 

because, rather than a s tab le  ice  prow forming a t  the leading edge of the 

platform, a prow would form and then slough off to the  side a t  which point the 

platform would move forward rapidly. As another prow formed the platform was 

again pushed back unti l  the new prow sloughed of f .  
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2. Mean and peak va lues o f  heave and surge f o r c e  inc reased  mono ton i ca l l y  

w i t h  t h e  t h i ckness  o f  t h e  rubb le  l a y e r .  Peak va lues o f  p i t c h  a l s o  i nc reased  

mono ton i ca l l y  w i t h  l a y e r  t h i ckness ,  though t h e  mean va lue  o f  p i t c h  ang le  

decreased f o r  t h e  t h i c k e s t  r ubb le  l a y e r .  

3. For t hose  t e s t s  i n  which t h e  p l a t f o r m  was s t a t i o n a r y  connected 

t o  t h e  ins t rument  beam), bo th  heave and surge f o r c e  peak va lues  e x h i b i t e d  an 

apparent maximum w i t h  respec t  t o  v e l o c i t y  o f  r ubb le  l a y e r .  Th i s  may a r i s e  

f rom resonance e f f e c t s ,  though more exper imenta l  da ta  a r e  needed t o  c l a r i f y  

t h i s  po in t .  

4. Al though sca t t e red ,  t h e  peak va lues  o f  p i t c h  appeared cons tan t  w i t h  

i c e  v e l o c i t y .  

5 .  Both heave and surge f o r c e s  were g r e a t e r  f o r  t h e  towed p l a t f o r m  than  

f o r  t h e  s t a t i o n a r y  p l a t f o rm .  Th is  i s  thought  t o  a r i s e  from boundary e f f e c t s .  
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Table 1 

P r inc ipa l  Dimensions o f  t h e  Test P la t fo rm and uk" 

Test P la t fo rm " Ku l l  uk" 
scale)  

Diameter a t  deck l e v e l  (m) 1.8 81.0 

Diameter a t  load ne (m) 1.5 67.5 

Diameter a t  base i n e  (m) 1.334 60.0 

Depth (m) 0.334 15.5 

D r a f t  (m) 0.187 8.4 

sp l  acement (m3) 0.271 24700 

Cone Angle (degree) 31.4 31.4 



M/Vol 

# 1  mm/Vol 

#2 m / V o l  

5mm 
(mm) count  (mm) 

<25 0.1 
<30 

1 49.5mm 65.3mm s i z e x =  57.0111 53.8mm 

(mm3) 

5 m  
25mm 

Table 2  


C a l i b r a t i o n  C o e f f i c i e n t s  f o r  Test  Transducer 


Transducer C o e f f i c i e n t  

Load Ce l l  17.62 t 

LVDT 12.7 t 

LVDT 12.7 t 

Table 3  


Rubble Size D i s t r i b u t i o n s  and Layer P o r o s i t i e s  


Thick I c e  25mm Thick I c e  
Sizes Sizes Count 

90-80 3 200-240 1 
70-75 5 130-150 3 
35-65 10 60-80 4 
25-30 10 40-60 5 

l i t e r  30-30 21 
0.5 l i t e r  

mean s i z e  = a = mean a = 

P o r o s i t i e s  Sampl e  Vol . Mass (kg) P o r o s i t y  

Thick I c e  

Thick I c e  




Pl a t f o n  

F 2a 2a P 2a 

(m) (mm) (m/s) (N) (mm) 

R102 .02 -.I45 -.049 0-.030 
.04 - .I48 -.049 

R l l O  .10 -.I77 -.050 
R120 .20 -.061 -.039 

TI02 .02 -.759 -.060 
.04 -a702 -.063 

TllO .10 -.769 -.092 
TI20 .20 -.954 -.072 
T102A .02 -.646 -.074 

Tab le  4 

a t t a c h e d  t o  Ins t rument  Beam 

Tes t .  I c e  Layer V e l o c i t y  H 
No. Thickness  Thickness  

( d e g r e e s )  

5 5 5.11 3.44 0.146 
R104 5 5 6.73 1.73 0.080 0.006 

5 5 6.91 4.76 0.086 0.018 
5 5 3.17 0.91 0.156 0.010 

25 2 5 33.3 24.5 0.586 0.060 
T104 2 5 25 34.4 11.6 0.192 0.066 

25 2 5 37.5 15.2 0.680 0.090 
2 5 2 5 48.2 38.0 0.942 0.134 
25 25 30.0 20.9 0.572 0.054 



- 
Ti P 

(mm) (mm) (m/s) (N) (mm) 

Table 5 


Plat form Towed by Carr iage 


Test I c e  Layer Ve loc i ty  F 20 
 20 
 20 

No. Thickness Thickness 

(degrees) 



- - 
6 -- 

Table 6 


Natural Periods and Logari thmic Decrements o f  t h e  Model P la t fo rm 


Surge Heave P i t c h  

Natural Period, 
(seconds) 

T 

Natural Per iod i n  I c e  1.63 1.45 

Logari thmic decrement, 0.25 0.55 



(1985), 

(1980), 

(1982), 

(1981), 
Groton, 

He1 (1984), 

B.D. (1984), 
D r i  11 ", 

(1984), 

M.? (1985a), 

(1985b), 
Cab1 

(1980), 

Mi lano, (1980), 

Mi lano, (1982), 

Nixon, (1987),  Cable- 

Rals ton,  (1980), 
IIJTAM 
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Figure 1. The test platform 




F i g u r e  2 .  A f l o a t i n g ,  cable-moored p l a t f o r m  o f  c o n i c a l  h u l l  f o rm  
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Figure 6. instrumentation of the test platform 






Figure 8. The sway and yaw restraining devices 
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Figure 9. Locations of transducers and posit ive direct ions 
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p l a t f o r m ) ; i c e  t h i c k n e s s  = 5 
 l a y e r  t h i ckness  = 0.20 
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Figure 25. Surge force time history fo r  towed 
platform 
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Figure 26. 	 Surge force time history for stationary 
platform 


