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SYNOPSIS

Two s te e l  tu b u la r  p i le s  o f  th e  E a s te rs c h e ld t cablew ay w ith  d ia m e te rs  o f  3 .1  m and 4*1  m w ere te s tlo a d e d  by h o r i ­

z o n ta l fo rc e s  up to  600 kN re s p . 700 kN. The embedded le n g th s  o f  th e  p i le s  were 18 m re s p . 20 m and th e  fo rc e s  

were a p p lie d  on a le v e l  o f  33 m re s p * 50 m above th e  sea f lo o r «  The s u b s o il c o n s is te d  o f  sand. The h o r iz o n ta l  d is ­

placem ents o f  th e  p i le s  were r e g is t r a te d  o p t ic a l ly  a t  th r e e  r e f l e c t o r  p o in ts  above th e  s u rfa c e  o f  th e  w a te r . 

Furtherm ore  a  d is ta n c e  m easuring d e v ic e  on th e  seabottom  recorded  th e  movements a t  th a t  le v e l*  The a n g u la r  r o ­

ta t io n s  w ere measured by means o f  an e l e c t r i c a l  in c l in o m e te r  w hich s l id  a lon g  a f ix e d  r a i l *  In  th e  embedded p a r t  

o f one o f  th e  p i le s  e l e c t r i c a l  s t r a in  gauges were in s t a l le d .  F o r p r a c t ic a l  reasons a q u ic k ,  s t a t i c  and sim ple  

t e s t  was re q u ire d *  N e v e rth e le s s  in te r e s t in g  in fo rm a tio n  was o b ta in e d  about th e  h o r iz o n ta l  d e fo rm a tio n s  and the  

s e iz e  o f  i r r e v e r s i b i l i t y  o f  th e s e  in fo rm a tio n s , e s p e c ia l ly  a t  s e a - f lo o r  le v e l*  The d e f le c t io n  curves  deduced from  

th e  in te g r a t io n  in c l in o m e te r  measurements and from  th e  measured s t r a in s  were in  accordance w ith  th e  d e fo rm a tio n  

measurements.

IN T RO D U C T IO N

In  1973, in  co n n ec tio n  w ith  th e  damming o f  th e  E a s te r ­

s c h e ld t e s tu a ry , a s t a r t  was made w ith  d r iv in g  th e  

p i le s  f o r  th e  s u p p o rtin g  s tr u c tu re s  o f  a cablew ay to  

be used f o r  dumping b lo c ks  o f  c o n cre te  fo r  th e  f i n a l  

c lo s u re  o f  th e  re m a in in g  openings in  th e  dam.

For t h i s  pu rp o se, w ith  th e  a id  o f  th e  m obile  o ffs h o re  

p la t fo rm  (s p u d -le g  pontoon) " S te v in  73 ” , 12 s te e l  

tu b u la r  p i le s  ra n g in g  in  d ia m e te r  from  3 .1  m to  4 *8  m 

were d r iv e n  in t o  th e  bottom  o f  th e  e s tu a ry . These 

p i le s  were s u bsequently  p ro v id ed  w ith  a s u p e rs tru c tu re  

on to p  o f  w hich th e  cablew ay would be gu id e d .

In  o rd e r to  ensure  th a t  th e  c a b le  would n o t become 

d is lo d g ed  from  i t s  b e a rin g s  in  consequence o f  an un­

fa v o u ra b le  com bin ation  o f  lo a d s , two re q u ire m e n ts  had 

to  be f u l f i l l e d  by th e  movements o f  th e  p i l e  head: 

the  h o r iz o n ta l  d isp la c em e n t in  th e  d i r e c t io n  p e r­

p e n d ic u la r  to  th e  c e n t r e - l in e  o f  th e  dam must n o t ex­

ceed 0 .2 5  m, and th e  a n g u la r  r o ta t io n  <}> in  th e  v e r ­

t i c a l  p la n e  th roug h  th e  c e n t r e - l in e  must n o t exceed  

1°.

Since th e  p r e d ic t io n s  as to  th e  maximum m agnitudes  

th a t  and co u ld  be expected  to  a t t a i n  f o r  the  

proposed p i l e  dim ensions and p i l e  p e n e t r a t io n  depths  

v a r ie d  r a th e r  c o n s id e ra b ly  and were indeed  f o r  th e  

most p a r t  above th e  s p e c if ie d  l i m i t s ,  i t  was dec ided  

to  c a r r y  o u t h o r iz o n ta l  te n s ile  te s ts  on two o f  th e  

f i r s t  b a tch  o f  th e s e  p i le s  to  be d r iv e n .

The o b je c t  o f  th e  te s ts  was:

-  to  check w hether th e  t e s t  p i le s  f u l f i l l e d  the  r e ­

qu irem ents  la i d  down f o r  them;

-  to  o b ta in  in s ig h t  in t o  th e  mechanisms and o rd e rs  o f  

m agnitude o f  th e  s o i l  p aram eters  w hich de te rm in e  

th e  d e fo rm a tio n  process  o f  la rg e -d ia m e te r  tu b u la r  

p i le s  under th e  in f lu e n c e  o f  h o r iz o n ta l  loads?

-  to  o b ta in  in s ig h t  in t o  th e  n a tu re  and e x te n t  o f  th e  

measures th a t  would be necessary  i f  th e  t e s t  p i le s  

were found n o t to  conform  to  th 2 re q u ire m e n ts ;

-  to  o b ta in  more a c c u ra te  prognoses as to  th e  deform ­

a t io n s  th a t  cou ld  be expec ted  in  p i le s  subsequent­

l y  to  be d r iv e n *

LOCATION

For p r a c t ic a l  reasons i t  was dec ided  to  p e rfo rm  a 

h o r iz o n ta l  t e n s i le  t e s t  in  w hich a s t a t i c  fo rc e  

would be a p p lie d  to  th e  p i l e  head by means o f  a  c ab le  

P ile s  9 and 10 lo c a te d  in  th e  n o rth e rn  f i n a l  gap f o r  

c lo s u re  w ere s e le c te d  f o r  t e s t in g .  The c a b le  was 

p u lle d  by w inches in s t a l le d  on th e  a d ja c e n t Roggen- 

p la a t  a r t i f i c i a l  s e rv ic e  is la n d  (see  F ig .  1 ) .

F ig .  1 S itu a t io n

A lthou gh  th e  s ig n if ic a n t  lo ad  would have had to  a c t  

in  a d ir e c t io n  p e rp e n d ic u la r  to  th e  c e n t r e - l in e  o f  

th e  dam, th e  fo rc e  a c t u a l ly  a p p lie d  by means o f  th e  

c a b le  had a d i f f e r e n t  d ir e c t io n  on account o f  these  

w inch ing  a rrangem ents.

The c o n d it io n  o f  th e  s o i l  a t  th e  p i le s  was de term ined  

by means o f  s t a t i c  pe n etro m eter te s ts  w hich were p e r ­
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formed in  c o m bin ation  w ith  p re s s io m e te r t e s ts  b e fo re  

th e  p i le s  were d r iv e n ; the  r e s u lts  o f  bo th  s e ts  o f  

te s ts  a re  p re s e n te d  in  th e  same diagram  (s e e  F i ' j .  2 ) .

F ig .  2 S u b so il and in s tru m e n ta t io n

= te n s i le  load  c e l l  

= h o r iz o n ta l  fo rc e  

= r e f le c t o r  

= o p t ic a l  in c lin o m e te r

IR  = in c lin o m e te r  r a i l  

D = d is ta n c e  m easuring  

d e v ic e  

B = c o n c re te  b lock  

S = s t r a in  gauges

The s u b s o il in  th e  f i n a l  gaps o f  th e  dam c o n s is ts  

m a in ly  o f  sand in te r s e c te d  by th in  la y e rs  o f  c la y  

a n d /o r  s i l t .  The upper s t r a t a  a re  form ed by f a i r l y  

lo o s e ly  packed young m arine  sand (H o lo c e n e ), w h ile  

a t  g r e a te r  d e p th s , below 30 to  40  m -  N .A .P .

(=  S tandard  Amsterdam D atum ), th e  more d e n se ly  packed  

o ld e r  P le is to c e n e  fo rm a tio n  i s  en co u n tered .

In fo rm a tio n  o f  th ic k n e s s  and p e n e t r a t io n  d ep th  o f  th e  

t e s t  p i le s  i s  a ls o  g iv e n  in  th e  tw o d iag ram s.

The w ater l e v e l  v a r ie s  between a p p ro x im a te ly  2 m + 

N .A .P . and 2 m -  N .A .P .

In  o rd e r to  p re v e n t scour between th e  p i l e s ,  th e  b o t­

tom (bed o f  th e  e s tu a ry ) was lo c a l ly  covered  w ith  

g r a v e l and s te e lw o rk s  s la g .

INSTRUMENTATION (see  F ig .  2)

-  The r e q u is i te  h o r iz o n ta l  fo rc e  a p p lie d  by means o f  

th e  c a b le  was c o n tin u o u s ly  recorded  w ith  th e  a id  o f  

a t e n s i le  lo ad  c e l l  in s t a l le d  c lo s e  to  th e  p i l e .  The 

h o r iz o n ta l  component o f  th e  re co rd e d  fo rc e  c o n s t it u t ­

ed th e  r e le v a n t  h o r iz o n ta l  lo ad  w hich had to  deve lo p  

th e  d e s ire d  bending moment a t  th e  le v e l  o f  th e  b o t­

tom : f o r  p i l e  9  th e  maximum m agnitude o f  th e  mo­

ment was about 1 6 ,0 0 0  Nm and f o r  p i l e  10 about 

3 1 ,0 0 0  Nm.

-  The h o r iz o n ta l  d isp la c em e n ts  o f  th e  p i le s  a t  th re e  

r e f le c t o r  p o in ts  above th e  s u r fa c e  o f  th e  w a te r were 

o p t i c a l l y  observed w ith  th e  a id  o f  D is to m a t d is ta n c e  

m easuring d e v ic e s  in s t a l le d  on th e  d ik e  o f  th e  

s e rv ic e  is la n d .  F u rth e rm o re , d iv e r s  p lac e d  a con­

c r e te  b lo c k  on th e  bottom  o f  th e  w ate r a t  some d is ­

tance from  th e  p i l e  to  be te s te d .  A d is ta n c e  measur­

in g  d e v ic e  in  th e  form  o f  a rod p re s s in g  a g a in s t  th e  

p i l e  was mounted on th e  b lo c k  and c o n tin u o u s ly  r e ­

corded any changes in  th e  d is ta n c e  between th e  b lo c k  

and th e  p i l e .

-  The a n g u la r  r o ta t io n  a s s o c ia te d  w ith  each in c r e ­

ment o f  th e  p i l e  t e s t  load  was observed  w ith  th e  a id  

o f  a l e v e l l in g  in s tru m e n t ( in c l in o m e te r )  mounted on 

a s h e e t o f  g la s s  and in s t a l le d  on th e  m easuring p la ­

teau  a t  a l e v e l  o f  4 .4  ra + N.A.P«

-  F u rth e rm o re , th e  a n g u la r  r o ta t io n s  from  3 .2 5  m + 

N .A .P . down to  th e  t i p  ( i . e . ,  th e  to e ) o f  th e  p i l e  

were measured f o r  cach v a lu e  o f  th e  t e s t  lo a d  by 

means o f  an e le c tro m a g n e tic  in c lin o m e te r  w hich  s l id  

a lo n g  a f ix e d  r a i l  e x te n d in g  down in t o  th e  p i l e .  

B e fo re  th e  p i l e  was d r iv e n ,  t h i s  g u id e  r a i l  was b o l t ­

ed to  th e  in s id e  o f  a p r o te c t iv e  tu b e  w hich had been 

welded to  th e  in n e r  s u r fa c e  o f  th e  w a l l  o f  th e  tu b u ­

l a r  p i l e .

-  B e fo re  p i l e  10 was d r iv e n ,  s tuds were welded to  

th e  in n e r  s u rfa c e  o f  i t s  w a l l  on th e  t e n s i le  and on 

th e  com pressive s id e  o f  th e  p i l e  a t  f i v e  d i f f e r e n t  

l e v e ls .  E le c t r ic  s t r a in  gauges were in s t a l le d  be­

tween th e  re s p e c t iv e  s e ts  o f  s tu d s . The s tuds  and 

a ls o  th e  e le c t r i c  c a b le s  o f  th e  gauges were accomo­

da ted  in  channe ls  e x te n d in g  lo n g i tu d in a l ly  and a t ­

tached to  th e  in n e r  s u r fa c e  o f  th e  w a l l  o f  th e  p i l e .  

The channe ls  were f i l l e d  w ith  s y n th e t ic  r e s in  w hich  

s u bsequently  hardened, so th a t  a l l  th e s e  components 

behaved in  th e  manner o f  a m o n o lith ic  s tr u c tu r e  un­

d e r th e  in f lu e n c e  o f  th e  p i l e - d r iv i n g  a c c e le r a t io n s .

RESTRICTIONS

-  On th e  one hand, perm anent d e fo rm a tio n s  o f  th e  

p i l e  and s o i l  were u n d e s ira b le  and, on th e  o th e r  

hand, th e  t e s t  r e s u l ts  w ere re q u ire d  q u ic k ly  fo r  

u t i l i z a t i o n  f o r  th e  sake o f  fu r t h e r  p ro g re ss  o f  th e  

jo b .  For th e s e  reasons th e  t e n s i le  t e s t  was p e rfo rm ­

ed as s im p ly  and q u ic k ly  as p o s s ib le ,  w ith  th e  m in i­

mum o f  o b s tru c t io n  to  n a v ig a t io n  on th e  e s tu a ry .

-  The maximum p e rm is s ib le  fo rc e  to  be a p p lie d  was 

d e term ined  a t  600 kN and 700  kN r e s p e c t iv e ly ;  a t  

bottom  (s e a  bed) l e v e l  th e s e  fo rc e s  developed th e  

maximum a n t ic ip a te d  bending moments o f  a bou t 1 6 ,000  

Nm and 3 1 ,0 0 0  Nm r e s p e c t iv e ly .  The s tr u c tu r e  had 

o r i g i n a l l y  been designed to  r e s i s t  moments o f  these  

m agn itudes, w hich  in  r e a l i t y  would be due to  s t a t ic  

as w e l l  as to  dynam ic fo r c e s .

-  The t e s t  load  was to  be a p p lie d  in  th re e  in c r e ­

m e n ta l s ta g es  up to  i t s  maximum v a lu e , s u b je c t to  

th e  c o n d it io n  th a t  th e  d isp la c em e n ts  o c c u rr in g  a fte -' 

each lo ad  s ta g e  were n o t a llo w e d  to  exceed c e r ta in  

s p e c if ie d  v a lu e s ; i f  th e y  d id ,  th e  t e s t  would have  

to  be stopped (see  F ig .  3 ) .

-  F u rth e rm o re , a f t e r  each s ta g e , th e  p i l e  was to  be 

unloaded as c o m p le te ly  as p o s s ib le ,  w ith  th e  co n d i­

t io n  th a t  no s ig n if ic a n t  perm anent d isp la c em e n ts  

were a llo w e d  t o  o c cu r.
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F ig .  3 T im e -lo a d in g  diagram s

-  The tim e-consum ing in c lin o m e te r  measurem ents, ta k ­

in g  1 5 - 2 0  m in u te s , were a llo w e d  to  be perfo rm ed  on­

ly  a t  th e  end o f  each s ta g e  and f o r  z e ro in g  in  th e  

i n i t i a l  and th e  f i n a l  p o s itio n ,,

-  In  th e  te s t in g  o f  p i l e  9 a l im i t e d  amount o f  un­

lo a d in g  (by  30 -  50 kN) and re lo a d in g  was in te rp o s e d  

a t  th e  end o f  each lo ad  s ta g e . F o r p r a c t ic a l  reasons  

t h i s  e x te n s io n  o f  th e  te s t in g  program was o m itte d

in  th e  case o f  p i l e  10«

-  D uring  th e  measurem ents, d is tu rb a n c e s  were found  

t o  occur in  th e  re ad in g s  in  consequence o f  ra d io  

t r a n s m it te r s ,  o s c i l l a t io n s  o f  th e  t e n s i le  te s t in g  

c a b le  in  th e  w in d , v ib r a t io n s  g e n era te d  in  th e  p i l e  

i t s e l f  by w ind , waves a n d /o r  c u r r e n t ,  im pact e f fe c t s  

caused by s h ip s , e tc .

-  The r e s u lts  o f  th e  measurements w ere a ls o  a f fe c te d  

by random load s  o f  v a ry in g  d u ra t io n  w hich o ccurred  

d u r in g  th e  i n s t a l l i n g  o f  th e  c a b le , in c id e n ta l  load s  

o f lo n g  d u ra t io n  due to  tro u b le  w ith  th e  m easuring  

equipm ent, and p a r t i a l  s l i p  o f  th e  c a b le  a t  p i l e  10.

s ta n ce s , c o rre c te d  z e ro  re a d in g s  were in tro d u c e d  

fo r  th e  r e f le c t o r  d isp la c em e n ts  and a n g u la r  r o t a t ­

ions« The z e ro  o f  th e  lo ad -b o tto m  d isp lacem en t 

graph was n o t c o r re c te d , because th e  z e ro  re ad in g  

fo r  t h i s  had been o b ta in e d  a lre a d y  many days b e fo re  

any in c id e n ta l  i n i t i a l  load s  had acted  on th e  p i l e .  

The measurements perform ed w ith  th e  r a i l -g u id e d  

in c lin o m e te r  showed th a t  w h ile  e ve ry  d e v ia t io n  from  

evenness o f  th e  r a i l  was f a i t h f u l l y  reproduced , i r ­

r e g u la r i t i e s  n e v e rth e le s s  oc cu rre d  as a r e s u l t  o f  

f a u l t s  i n  th e  re c o rd in g  a p p ara tu s  and o f  d is tu r b ­

ances from  o u ts id e .

TEST LOADING OF P ILE 10

P i l e  10 was te s te d  on 10 January  1974. The e x p e rie n ­

ce ga in ed  in  th e  te s t in g  o f  p i l e  9 was u s e fu l  in  

th e  e x e c u tio n  o f  t h is  t e s t ,  w hich was in  p r in c ip le  

id e n t ic a l  w ith  th e  p re v io u s  one.

D u rin g  th e  t e s t  a d is c o n t in u ity  oc cu rre d  in  r e la t io n  

to  the  p lanned lo a d in g  schemes w h ile  th e  load  was 

b e in g  in cre a se d  to  700 kN , th e  c a b le  s lip p e d  throug h  

th e  c a b le  clamp f o r  a s h o rt d is ta n c e  when a lo ad  o f  

550 kN had been reached ; as a  r e s u l t  o f  t h i s  i n c i ­

d e n t th e  load  suddenly decreased to  about 400 kN.

A c o n s id e ra b le  amount o f  d i f f i c u l t y  was encountered  

in  i n s t a l l i n g  th e  c o n c re te  b lo c k  on th e  bottom  o f  

th e  w a te r .

No a cc ep tab le  v a lu e s  were recorded  up to  th e  in s ta n t  

when th e  c a b le  s lip p e d .

The th r e e  lo a d -d is p la c e m e n t graphs and th e  a n g u la r  

r o ta t io n  measurement a t  4 .4  m + N„A«P. a re  p resen ted  

in  F ig u re s  5a to  5d.

TEST LOADING OF P ILE  9

P i l e  9 was te s te d  on 2 November 1973. The d is p la c e ­

ments above w ater as observed a t  th e  to p  r e f le c t o r  

(2 3 .2 0  m + N .A .P . ) a re  p re se n te d  in  F ig u re  4 a .

F ig .  4 P i le  9 : measured d isp la c em e n ts  and r o ta t io n s

F u rth e rm o re , th e  d isp la c em e n ts  j u s t  above bottom  

le v e l  have been p lo t t e d  in  F ig u re  4b , w h ile  th e  an­

g u la r  r o ta t io n s  a t  a h e ig h t o f  4 .4  m + N .A .P . a re  

g iv e n  in  F ig u re  4 c .

S in ce  th e  p i l e  had, b e fo re  th e  a c tu a l s t a r t  o f  th e  

t e s t ,  a lre a d y  been s u b jec te d  to  a l l  s o r ts  o f  h o r i ­

z o n ta l  loads due to  a v a r ie t y  o f  causes and c ircum ­

.

\  :
\

■ •
i

F ig .  5 P i l e  10: measured d isp la c em e n ts  and 

ro ta t io n s

The measurements perform ed w ith  th e  r a i l -g u id e d  c l in o ­

m eter y ie ld e d  b e t te r  r e s u l ts  than  th e y  d id  in  th e  

t e s t  on p i l e  9 , though th e re  were s t i l l  a few  d is tu r b ­

ances.

Some o f  th e  in te g r a te d  in c lin o m e te r  r e s u lts  a t  v a r i ­

ous lo ad  v a lu e s  a re  in d ic a te d  in  F ig u re  6 .

A n o ta b le  fe a tu r e  o f  th e s e  was th a t  th e  p r im a ry  lo ad  

gave d e f le c t io n  curves  th a t  were in  re as o n a b ly  good 

agreem ent w ith  th e  o th e r  measured r e s u l t s .  However, 

when th e  load s  were removed and s u bsequently  r e ­

a p p lie d , th e  in te g r a t io n s  o f  th e  s lo p e  measurements 

in  most cases gave S-shaped d e f le c t io n  curves  w hich  

must p ro b a b ly  be a t t r ib u te d  to  c ree p  o f  th e  s u b s o il 

(see  a ls o  F ig .  3 ) ,  D uring  th e  a p p l ic a t io n  o f  loads  

in  excess o f  200 kN th e r e  were lik e w is e  in d ic a t io n s
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F ig .  6 In te g r a te d  in c lin o m e te r  r e s u lts

o f  c reep  phenomena; th e  c o n tin u o u s ly  recorded  c a b le  

fo rc e  was found to  decrease  in  course  o f  tim e  a l ­

though th e  c a b le  was n o t s la c ke n e d .

On e v a lu a t in g  th e  s t r a in  gauge r e s u lts  i t  emerged 

th a t  a l l  th e  gauges y ie ld e d  im probab le  v a lu e s  up to  

th e  maximum lo ad  o f  700 kN. T h e r e a f te r ,  and fu r t h e r ­

more in  th e  "sway te s t"  perform ed on 29 January  1974, 

th e  re a d in g s  o b ta in e d  a t  200 kN, 400 kN and 700 kNf 

were found to  have q u ite  reas o n a b le  v a lu e s .

The bending moment d iagram s o b ta in e d  a t  v a r io u s  lo a d s , 

and th e  bending moment d iagram  f o r  a lo ad  o f  700  kN 

o b ta in e d  from  them by e x t r a p o la t io n ,  a re  in d ic a te d  in  

F ig u re  7 .

F ig .  7 Bending moments from  s t r a in  gauges r e s u lts

SUMMARY AND CONCLUSIONS

The r e s u l ts  o f  th e  te s ts  on th e  two p i le s  le a d  to  th e  

fo l lo w in g  co n c lu s io n s :

-  The s tru c tu re s  in  q u e s tio n  f u l f i l l e d  th e  s p e c if ie d  

re q u ire m e n ts  in  so fa r  as h o r iz o n ta l  d isp la c em e n t and 

a n g u la r  r o ta t io n  w ere concerned.

-  F o r th e  m easuring p o in ts  lo c a te d  above w ater th e  

r e la t io n  between lo ad  and d isp la c em e n t was p r a c t ic a l ly  

l i n e a r .  I t  should be borne in  m ind, how ever, th a t  th e  

disp la c em e n t is  a c t u a l ly  composed o f  th e  s o -c a lle d

"prop er d e f le c t io n ” o f  th e  s te e l  p i l e  and th e  d e ­

f le c t io n  due to  th e  b e h av io u r o f  th e  ground in  which  

the  p i l e  i s  i n s t a l le d .

-  C le a r  in d ic a t io n s  were o b ta in e d  w ith  re g a rd  to  th e  

o c currence  o f  i r r e v e r s ib le  s o i l  b e h a v io u r . Because o f  

th e  r e la t i v e l y  s h o rt d is ta n c e  between th e  c o n cre te  

b lo c k  and th e  p i l e  th e  d isp la c em e n ts  measured c lo s e  

to  th e  bottom  o f  th e  w a te r p ro b a b ly  d id  n o t re p re s e n t  

c o r r e c t  a b s o lu te  v a lu e s , b u t th e y  d id  p ro v id e  an i n ­

d ic a t io n  o f  i r r e v e r s i b i l i t y  in  th e  b e h av io u r o f  th e  

system .

-  Some id e a  o f  th e  d isp la c em e n ts  o f  an i n f i n i t e l y  r i ­

g id  p i l e  w ere o b ta in e d  by s u b tra c t in g  from  th e  measur­

ed d isp la c em e n ts  ( a t  th e  le v e l  o f  th e  r e f le c t o r s )  and 

a n g u la r  r o ta t io n s  a t  4 .4  m + N„A.P„ th e  d isp lacem ents  

and a n g u la r  r o ta t io n s  due to  th e  "p ro p er d e f le c t io n ” 

o f  th e  p i l e  f o r  th e  above-ground p a r t  th e r e o f .  In  

F ig u re  0 th e  d e fo rm a tio n s  o f  an i n f i n i t e l y  r i g i d  p i l e  

have been p lo t t e d  f o r  a l l  th e  p r im a ry  lo a d s .

-  These r e s u l t s ,  as a ls o  th e  d e f le c t io n  curves  de­

duced from  th e  in te g r a te d  in c lin o m e te r  measurements  

(see  F ig .  6) and from  th e  measured bending moment d ia ­

gram acc o rd in g  to  F ig u re  7 ,  show th a t  no m a jo r e r ro rs  

were in tro d u c e d  by th e  assum ption t h a t  th e  p i l e  i s  

i n f i n i t e l y  r i g i d  below  bottom  (sea bed) l e v e l .

-  On th e  b a s is  o f  t h i s  la s t-ra e n tio n e d  assum ption the  

disp la c em e n ts  and a n g u la r r o ta t io n s  a t  th e  p i l e  head 

f o r  th e  maximum lo ad s  o f  600 kN and 700 kN re s p e c t­

i v e l y ,  and a ls o  f o r  th e  in c l in e d  p o s it io n  o f  th e  p i le  

a f t e r  com p le tio n  o f  t e s t in g ,  a re  l i s t e d  in  th e  ta b le  

be low *

F ig . D e fo rm a tio n  o f  i n f i n i t i v e  r i g i d  p i le s

dis,.icejcnts SHtop PILE9 1PILE 10 I
27 m *N.A.P. 30 ui + N.A.P. !

¡ on loading 600 kN 0 kN 700 kN 0 kN
ÍKtc-j due to "proper deflection" 

! ¿Hto? du- to fobottoc' Ht op due fi0bctton
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?:r

0
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