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Di scussi on

Cycl i c Loadi ng of  Jack Up Foundat i ons on Sand

I !

S. P. Gopal Madabhushi 

Resear ch Fel l ow,  (Wol f son Col l ege),  
Cambr i dge Uni versi ty,  Engl and

centrifuge tests have shown that significant suction pressures are generated 

under the spud can foundations.

Conclusions

The Jack-up platforms are subjected to large cyclic loads due to severe wave 

loading. Extensive series of centrifuge tests were carried out to study the 

behaviour of three leg jack-up platforms under cyclic lateral loading. 

Simple yield locus for soil during loading and unloading was confirmed by 

the Centrifuge data, when the soil is under fully drained conditions. A 

second series of centrifuge tests to investigate the suction pressures 

generated during the unloading of a spud can foundation is currently 

underway at the Cambridge University.

Introduction

Offshore Jack up platforms are extensively used in oil and gas exploration 

all over the world. The mobility of these structures from one site to another 

makes these structures very cost effective. The Jack-up platforms are 

deployed to specific sites and the spud foundations on each leg are lowered.

The Jack-up platform is then spuded in by pumping water into the top 

structure. Typically a load that is twice the working load is applied so that 

each spud is fimrly embeded on the sea floor before any oil or gas 

exploration works are starated.

Cyclic loading of Jack-up platforms

Like any other offshore structure the Jack-up platforms are subjected to 

severe wave loading during storms. This results in cyclically varying shear 

loading and bending moments on the spud foundations and causes partial 

unloading of some of the spud foundations. During the ‘spuding in’ of the 

platform the soil under the platform is subjected to twice the working load.

Correspondingly a convex yield loucs as shown in Fig. 1 may be expected 

during loading and unloading. Within the yield locus we may expect more 

or less elastic loading and unloading. Within the yield locus we may expect 

more or less elastic loading and unloading. During severe storms the stress 

state in the soil under the spud foundation may reach the yeild locus'. Under 

such conditions the platform legs are pumping causing the unloading of rear 

feet and these may suffer severe rotation. The fixity of such legs is reduced 

giving rise to a ‘pin’ formation. This reduces the stiffness of the 

soil-structure and may bring the natural period close to th j period of wave 

loading resulting in resonance. However, significant suction pore pressures 

will be generated under thè spud foundations during unloading increasing the 

uplift resistance of the foundation. The effect of cyclic loading on the 

foundations of the Jack-up platform were investigated using the two metre 

drum centrifuge at the Cambridge University.

Drum Centrifuge Facility

The drum centrifuge at the Cambridge University has a diameter of 2.0 m 

and can go up to 575 g. The three leg jack up foundation tests were carried 

out at 350 g. The model spuds have a diameter of 58 mm corresponding to 

a prototype spud of 20 m diameter in a 350 g test. The total length of the 

sea bed corresponding to perimeter of the drum represents 6 km in the 

prototype. The depth of soil layer was 130 mm in the centrifuge tests 

giving a prototype depth of about 44.0 m. The central column of the drum 

centrifuge can rotate with respect to outer drum and the three leg jack up rig 

can be located at any location along the perimeter. Using hydraulic jacks 

the spuds are lowered to spud in at the desired location and lateral cyclic 

loading is applied. More than 100 cycles are applied in each event. The 

spuds are then retracted and moved to new location. More than twenty tests 

were carried at different locations in each centrifuge test. The data from 

these extensive series of centrifuge tests conducted under drained condition 

has shown that the yield locus in the experiment is very similar to one 

shown in Fig. 1.

Cyclic load test under undrained conditions

The effect of cycling of the spud can foundations is being currently 

investigated using the centrifuge facility. Eaarly results from these
(Figures not made available by the author)
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D iscussion

Fat i ma Bal i gh ( Egypt )

Mr . Chai rman,  member s of  the panel ,  l adi es and gent l emen.

Thi s sessi on envol ved a l arge vari ety of  engi neeri ng probl ems and the ways 
of  tackl i ng t hem.  I wi l l  try to summer i se it the best  I can :

Dr.  Lecca of  France’s

The l ead di scussor report  emphasi sed the need of  real  t i me used of  
moni t ori ng data i n underground const ruct i on wher e i novat i ve const ruct i on 
techni ques of ten have to be empl oyed.  The report  surveyed i nst rumentat i on 
devi ces used to moni t or  tunnel s and deep excavat i ons,  ground and bui l di ngs,  
surroundi ng t hem.  The potent i al  of  i nst rumentat i on is anal ysed i n vi ew of  
several  case hi stori es.

The fol l owi ng panel i sts present ed thei r reports.

Prof. M.  Fucheberger  of  Aust ri a gave an account  of  new devel opment  in 
di aphragm wal l  execut i on,  the tool s and equi pment  used and t ypes of  
support i ng fluids.

Prof.  K. R.  Massarch of  Sweden,  presented a case hi story wher e the act i ve 
desi gn concept  gave rel i abl e and economi c resul ts. He di scussed the Body 
Steel  Bag that proved mor e effi ci ent t han the convent i onal  pressure grout ed 
anchors.

The offi cial  di scussor’s made the f ol l owi ng cont ri but i ons :

Dr.  Gr eenwood of  Engl and gave an out l i ne descri pt i on of  i nst ruments for 
control  of  cont i nuous fl i ght auger,  cont rol  of  dri vi ng pre-cast  pi l es and 
automat i c stati c l oad tests. He al so spoke on i nst rumentat i on to moni t or  
di spl acements of  an ol d ri ver wal l  duri ng j et -grout i ng behi nd it.

Prof.  Ramaswamy of  Indi a gave l i vel y presentat i on on the i nstal l ati on and 
testi ng of  an underground bore pi l l  i n sandy soi l .

Prof.  Ki mur a of  Japan,  showed how useful  data can be deri ved f r om saml l  
i nst rumented cent ri fuge model s.

Dr.  Mai r  of  Engl and descri bed the recent  compensat i on grout i ng proj ect  at 
Wat er l oo and compar ed thi s wi t h the proj ect  i n Vi enna descri bed by Dr.  
Lecca.

Prof. Bur l and of  Engl and made remarks on the i nterpretat i on of  field 
measurement s concerni ng the Pi sa Tower .

Prof.  Penman,  Ami r  and Chaudhar i  al so t ook part  i n the di scussi on.

Al l  the di scussors cont ri buted to the t heme of  the sessi on qui te ni cel y.

I woul d l i ke to t hank al l  the cont ri butor for hel pi ng st i mul ate an i nterest i ng
di scussi on.

I thi nk and I hope you agree wi t h me that "Expl ai ni ng di screpanci es bet ween 
Perf ormance and Predi ct i on is easy but  expl ai ni ng whey the predi ctons wer e 
good is very di ffi cul t".

We hope to see you i n 1995 at the Af r i can Regi onal  Conf erence i n Cai ro.

163



I ' /

ON THE INTERPRETATION OF MODEL PLATE ANCHOR TESTS WITH SPECIAL 

REFERENCE TO ANCHOR ULTIMATE FAILURE LOAD ASCERTAINING 

SUR L’INTERPRETATION DES ESSAIS DE PLAQUE D’ANCRAGE MODELE AVEC 

REFERENCE SPECIALE A L’ETABLISSEMENT DE LA CHARGE LIMITE DE LA 

DEFAILLANCE D’ANCRAGE
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Load test i ng to fai l ure is the most  rel i abl e t echni que for ascert ai ni ng 
l oad-car r yi ng capaci t y.  Whi l e model  tests do not  exact l y repl i cate 
f i el d si tuat i ons,  t hey nevert hel ess provi de val uabl e i nf ormat i on on t he 
general  mechani cal  behavi our  of  soi l - anchor  syst ems under  i n si tu 
condi t i ons.
The ul t i mat e fai l ure l oad is def i ned as t he l oad when uncont rol l abl e 
anchor  di spl acement s occur  under  sust ai ned l oadi ng.  Ther ef or e t he 
est i mat i on of  t he f ai l ure l oad or  t he ul t i mat e capaci t y requi res l arge 
movement s.  I n addi t i on to t he hi gh cost s of  a fai l ure l oad i n-si tu test, 
the f oundat i on that  has been tested wi l l  no l onger be servi ceabl e.  
Al t ernat i vel y i f  a mat hemat i cal  equat i on f or t he l oad- di spl acement  
curve up to fai l ure, can be deduced f r om t he characteri st i cs up to the 
wor ki ng l oad,  t hen a l arger number  of  the f oundat i on el ement s may be 
tested wi t hout  havi ng to be repl aced.  Thi s di scussi on deal s wi t h such 
an anal ysi s wher e si mpl e anal yt i cal  equat i ons are f i t t ed t o 
exper i ment al  dat a f r om model  tests on pl ate anchors.
A seri es of  model  tests wer e conduct ed on 50 mm di amet er  pl at e 
anchor s embedded i n kaol i n whi ch had been ani sot ropi cal l y 
consol i dat ed to 690 kN/ m2. The anchors wer e subj ect ed to f our  t ypes 
of  t ensi l e l oadi ng,  i l l ust rat ed i n Fi g. l ,  namel y:  undr ai ned 
di spl acement  cont rol l ed,  undr ai ned l oad cont rol l ed,  i ncr ement al  
drai ned l oad cont rol l ed,  and cycl i c.
Si nce t he basi c mechani sm f or  mobi l i sat i on of  st ress i n a soi l  wi t h 
i ncrease of  st rai n i s t he same f or any soi l - st ruct ure i nt eract i on 
probl em,  it is appropri at e to represent  pl ate anchor  l oad-di spl acement  
curve by a rect angul ar  hyperbol a:

A
[i ] P = -- - - - —

m + nA

wher e P i s t he appl i ed t ensi l e l oad and A i s t he measur ed anchor  
di spl acement .

When A/ P is present ed as a f unct i on A,  Fi g.2,  a l i near pl ot  is obt ai ned:

A
[2] = m + nA

Lood controlled

/  /  Displacement 

■ „------------controlled

Cyclic

A A z

X '

The i nverse sl ope 1/n gi ves an asympt ot i c l i mi t i ng val ue of  P, and the 
i nverse i ntercept  1/ m gi ves t he ini tial  t angent  anchor  modul us.
If t he l oad-di spl acement  curve is assumed to be exponent i al :

[3] P = Pu]1 (1-e- “ )

wi t h Pull t he f ai l ure l oad and b an exper i ment al  par amet er ,  an 
expedi t e pr ocedur e i s to consi der  t he der i vat i ve of  P wi t h respect  to
A :

[4] t he sl ope a = dP/ d A = b e~bA

The st rai ght  l i ne resul t i ng f r om a l i near regressi on of  the pl ot  of  (In a) 
versus A,  (Fi g.3),  yi el ds t he ul t i mat e l oad val ue:

[5] l na( A = 0)  = l n( Pul l -b)

wi t h b measur ed as t he sl ope of  t he st rai ght  l i ne (In a) vs.  A.

The hyperbol i c and exponent i al  f unct i ons di scussed above have been 
used t o anal yse t he resul t s of  model  anchor  l oad tests.  The 
i nterpretat i on of  bot h undrai ned di spl acement  cont rol l ed and drai ned 
l oad cont rol l ed model  pl at e-anchor  test resul ts demonst rat ed that  the 
l oad-di spl acement  curve can be easi l y appr oxi mat ed by a hyperbol i c 
rel at i onshi p.  By  cont rast ,  t he exponent i al  rel at i onshi p does not  
represent  to any extent  t he exper i ment al  l oadi ng test resul ts.
The hyperbol i c model  of fers t he f ol l owi ng advant ages:

1. A cont i nuous check on t he test. If  a pl ot  can be made as t he test 
proceeds,  a sudden change i n sl ope of  t he l i ne A/ P versus A woul d 
i ndi cate that  somet hi ng is wr ong wi t h t he test.
2.  The hyperbol i c model  permi t s an ext rapol at i on of  t he l oad-  
di spl acement  curve i n order to det ermi ne the fai l ure l oad.  As t he 
ul t i mate l oad est i mat ed by the hyperbol i c model  is al ways greater 
t han t he act ual  f ai l ure l oad,  a r educt i on coef f i ci ent  of  0. 85 i s 
tentat i vel y r ecommended on t he evi dence of  t he resul ts of  thi s study.

Fi gur e 1 Figure 2
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D iscussion  

Benef i ts of Inst rumentat ion of Pi l ing 

Pr ocesses and Test s

D.A. Greenwood

Inst rumentat i on of  field const ruct i on processes al most  al ways produces mor e 
accurate,  rel i abl e and cont i nuous data t han can be obtai ned otherwi se.  It 
provi des bot h real  t i me cont rol  of  t he process and preci se records of  
const ruct i on.  Mor eover  comparat i ve anal ysi s of  data for each uni t  of  
const ruct i on (borehol e or pi l e) of ten produces unexpect ed facts useful  for 
i mprovement  of  product i vi ty,  cont rol  of  l abour and costs. Occasi onal l y 
anal ysi s can l ead to compl et el y new techni cal  and theoret i cal  devel opment .

1. Cont i nuous fl i ght auger ni l e: i nst rumentat i on moni t ors cont i nuousl y auger 
revol ust i ons versus bore depth,  whi ch i ndi cates potent i al  probl ems of  
removi ng mor e soi l  t han the bore vol ume.  Thi s is especi al l y dangerous in 
al l uvi um wher e wat er l ogged sands l ie bel ow cl ay l ayers, or i n l oose sands.  
The pressure and vol ume of  concrete pumped is rel ated to each uni t  l ength 
of  pi l e as the auger is wi t hdrawn to ensure uni f orm cross-sect i on.  The ri g 
dri ver is gi ven real  t i me range l imi ts set by the engi neer to mai nt ai n cont rol  
of  bori ng and concret e pumpi ng.  Thi s has cut  concrete over-suppl y to 15% 
of  nomi nal  vol ume (agai nst  some U. S.  speci f i cat i ons for ri gs wi t hout  
i nst ruments requi ri ng 40% over suppl y).  Aut omat i ons of  pi l e const ruct i on 
is cl earl y wi t hi n prospect .  Comparat i ve anal ysi s of  records i ncl udes dai l y 
average wor ki ng t i mes,  break t i mes,  dri ver characteri st i cs, ri g use and wear,  
whi ch cont ri bute to proj ect  management  eff i ci ency.

2. Dr i ven nre-cast  ni l i ng ri gs are i nst rument ed for depth,  set, and hammer  
drop.  They gi ve a cont i nunous record of  dri vi ng every pi le. These can be 
correl ated wi t h l oad tests and si te i nvest i gat i on data. Comparat i ve anal ysi s 
i ndi cates somet i mes surpri si ng i nf ormat i on about  t i mes t aken to make pi l e 
j oi nts at di f ferent depths.  Real  t i me i nf ormat i on for the ri g dri ver prevents 
overdri vi ng and damage to pi les.

3. Aut omat i c cont rol  of  stati c test l oads and aut omat i c moni t or i ng of  
deformat i ons has el i mi nated what  is now reveal ed as the usual l y poor  qual i ty 
of  manual l y cont rol l ed tests. It has al so made tests wi t h l arge l oads much 
safer as operators are remot e f rom the l oad f rame.  Dat a are produced 
graphi cal l y in real  t i me al ong wi t h i mmedi at e anal ysi s of  set t l ement/pi l e 
capaci ty prodi ct i on on site.

A potent i al l y very si gni f i cant  out come is the devel opment  of  the CEMSET 
anal ysi s (see Sessi on B general  report) and the subsequent  TI MESET 
predi ct i ons of  ul t i mate static l oad behavi our.  These coul d not  have been 
devel oped wi t hout  accurate l oad tests.

TI MESET l eads to the proposi t i on that al l  dynami c l oad tests, constant  rate 
of  penet rat i on tests and qui ck tests are f unda- ment al l y f l awed because they 
do not  account  for t i me/set t l ement  effects in the soi l . They shoul d onl y be 
used as qual i ty cont rol s wi t h cal i brat i on agai nst  wel l  conduct ed stati c tests.
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J. B.  Bur  l and
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For  the Leani ng Tower  of  Pi sa we have a hi gh redundancy of  
i nst rumentat i on for real  t i me moni t or i ng as expl ai ned by Prof .  Jami ol kowski  
and Prof .  Vi ggi ani  dur i ng previ ous sessi ons.  For  the f oundat i ons three 
types of  el ect roni c i nst ruments have been i nstal l ed: i ncl i nometers,  hydraul i c 
l evel ometers and el ectro-l evel s. These are ext remel y sensi t i ve and are 
l i nked to a data acqui si t i on syst em and comput er  graphi cs system.  These 
are read cont i nuousl y dur i ng any f orm of  stabi l i sati on i ntervent i on such as 
pl aci ng of  the l ead counterwi eght s.  We are al so i nterested i n medi um to 
l ong t erm moni t or i ng wi t h requi rement  of  absol ute stabi l i ty wi t hout  the ri sk 
of  i nst rument  dri ft. For  this, we have i nstal l ed a preci si on opt i cal  l evel l i ng 
syst em wi t h a dedi cated l evel  mount ed at ground f l oor l evel  at the cent re of  
the Tower  and ei ght  short  i nvar staffs mount ed around the i nternal  wal l s.  
Thus,  si ght l engths are the same,  there are no change poi nts and t emperature 
condi t i ons a uni f orm.  Wi t h thi s syst em we can achi eve an accuracy of  0. 01 
mm and a most  i mportant  and val uabl e check on the stabi l i ty of  the 
el ectroni c i nst ruments is provi ded.

I woul d l i ke to say a wor d about  the i mport ance of  manual  checks and 
pl ott i ng of  resul ts as wel l  as usi ng comput er  graphi cs.  Fi rstl y, manual  
checki ng is essent i al  for ensur i ng that the correct  cal i brat i on constants and 
polari t i es have been pr ogr ammed i nto the comput er .  Secondl y,  the act of  
pl ot t i ng the data by hand faci l i ties and encourages t hought  and quest i oni ng 
of  the meani ng of  the data.

Somet i mes comput er  processi ng i nhi bts understandi ng.  Recent l y,  I was 
i nvol ved i n i nterpret i ng resul ts f r om a number  of  i ncl i nometer i nstal l ati ons 
in a l andsl i de t hrough whi ch a tunnel  was bei ng dri ven.  It t ranspi red that 
sensi bl e measurement s of  the rel at i ve di spl acement  across the pre-exi st i ng 
sl ip surface coul d onl y be obtai ned by carryi ng out  a detai l ed exami nat i on 
and i nterpretat i on of  each i ndi vi dual  i ncl i nometer profi l e. In concl usi on,  it 
is i mport ant  that we shoul d retai n the di sci pl i nes of  manual  checki ng and 
pl ot t i ng as wel l  as benef i t i ng f r om the enor mous advances that have been 
made i n data handl i ng and processi ng.
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D iscussion

Installat ion, Test ing and Exhumat ion of 

Under-reamed Bored Pi le In Sandy Soi ls

S. V.  Ra ma s wa my

Indi an Geotechni cal  Soci et y (Madras Chapter)  instal l ed, tested and exhumed 
an under reamed bored pi l e i n sandy soi l  at the request  of  Bureau of  Indi an 
Standards.  The mai n obj ect i ve of  the test i ng pr ogr amme was to check 
whet her bul bs can be f ormed sati sfactori l y under  the wat er  tabl e in sandy 
soi l .

Var i ous si tes at Madr as ci ty wer e i nspected.  It was deci ded to instal l  
the pi l e near the sea at Ti mvanmi yur ,  a suburb in sout hern part  of  Madr as 
ci ty. The soi l  prof i l e was sandy.  The N val ue ranged f r om 19 to 30 upt o 
a dept h of  6 m.  The wat er  tabl e at the t i me of  i nvest i gat i on. In May,  1992 
rai n runs i n was at a dept h of  2. 75 m.

The pi l e was i nstal l ed i n Jul y 4,  1992.  The dept h of  wat er  tabl e was 
t hen 4. 0 m.  It was deci ded to instal l  the under ream bet ween 4 and 4.5 m.  
The di amet er  of  the st em was 40 cm and that of  the bul b 100 cm.

Spi ral  auger was used to instal l  the pi le. Bent oni t e was pored to stabi l i se 
the hol e after a dept h of  2 m.  The densi ty of  bentoni te was mai nt ai ned on 
the speci f i ed val ue t hroughout  pouri ng.  Under reamer  was used to f or m the 
bul b.  The concrete was pl aced by Tr eme met hod.  The sl ump of  concrete 
sati sfi ed the speci f i cat i ons.

The test i ng of  the pi l e was done on August  7, 1992,  after a mont h.  The 
desi gn l oad as per IS code was 28 t. Hence the pi l e was l oaded upt o 1.5 
t i mes the desi gn l oad, 42 t. The set t l ement  was 8.5 mm at the maxi mum 
l oad. Thi s was less t han 12 mm as speci f i ed by the code.

The soi l  around the pi l e was excavated after the pi l e test i ng by 
tel escopi c met hod.  The si des of  the excavat i on wer e verti cal . The pi l e was 
l i fted by a 2 t crane.

It was observed that the bul b was not  f ormed properl y (Fi gure 1). An 
annul ar ri ng had been f ormed above the wat er  table. The rei nf orcement  
bel ow the bul b was exposed as the concrete had not  penet rated bel ow the 
bul b regi on (Fi gure 2). Al so the concrete i n bul b sect i on had very poor  
strength.

However  the concret e i n the st em was of  good qual i ty. The di mensi ons 
of  the pi l e wer e measured after exhumat i on.  The di ameter of  the st em 
vari ed f rom 41-43 cm i nstead of  proposed 40 cm.  The concrete i ntended 
for the bul b had been used up in enl argi ng the di ameter of  the stem.

It was concl uded that it is not  advi sabl e to const ruct  under reamed bored 
pi l es in sandy soi l s bel ow the wat er  tabl e till mor e data is avai l abl e.

(Fi gures not  made avai l abl e by the author)
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