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SYTIOPSIS The evaluation of capaclty of offshore pi les shoulcl l re a contl
process. Aftrrr the pi le capaclty has been conputed in the design off lce, the capaclt
should be verified and re-evaluated j.n the fleld using dynanlc pl1e nonltor:lng technl
Ttre design should al1ow for revlsing the p1Ie capaclty based on a detaLlecl studylof
drlvlng data. A database of offshore pl le instal lat ion experlenee should be accumu
so as to advance the state-of-the-art in the Indlan offshore areas.

Support Otfshore Structures ?

II{lBODUCTION

Tlre constructlon of drlven pl1e founda-
tion for offshore structures usually
lnvolves'the folLowing slx steps :

1 ) Perfonning a detailed geotechnlcal
investlgatlon at the proposed sltei

2) Conducting field and J-aboratory
testE to evaluate eoll propertles
and to develop plle design paranetera;

1) Conputatlon of ultlnate load carrylng
capaclty of the piles using one of the
several avallable methods;

4) Determlnatlon of ptle penetration
requlred based on design loads and
appllcabLe factors of safetyi

5) Perfornlng e drlvabllity study to
p4edlct the drivlng systen performance
azrd estl,nate the fteld blov oountsl
and

5) Installation of p1les ln the fle1d.

Itre authors r€conmend that the evalua-
tlon of plle capaclty should not stop at
Step 5 descrlbed above; lt shoul-d carry
on rlght up to fleld lnstallation of
the piles. The eonputed static caoaclty
shoul.d only be a etarting point. Thls
shouLd be followed up by nonltoring the
plles ln the field to deternlne the
adequacy of the es-instaLled pl les.
ttre fleld blow cormts, hanmer perfirr.nance,
drlvLng stresses, etc.,  coupled vLth
paet e:<perlence ln the area shouLd be
uaed to revlev the calculatlons ln the
deSlgn offlce. The field data obtalned
can be used to conflru the so1I stratl-
graphy at the slte, evaluate the sol1' reslstance to drlvlng, and to deter-mine
a Lower boqld statlc pl1e capacity.
FLeld nonltorlng of plle drlvlng
provldes valuable lnslghts into hamner
perfornance and sol l  behavlor. These

data can be used as a basiLs for

advances in the state of prra.ctice of p
installations in the ARAJvIOO concession
of the Arabian Gu1f.

COMPUTATION OF PII,E CAPAC:ITY

Rawat (1985) and Rao (rgetl)  discuss

internatlonal-practlce of deslgn of
loaded piles. Thelr surw,ey revealed
nost pl le deslgners al l  o'ver the wor
generally use slmple rnsopbleticated
qethod, enpirlcal and seni-ernpirlcal
heavlly infl-uenced by loca1 experlen

nethods currently used to c,onpute plle
capaclty. Diffet'ent organlzatlons i lved

and
lng

ln offshore geotechnLcal :inrestlgati
piling use dlfferent nethrcds for con
plle capacity, usuall-y barsed on thelr
experlence 1n offshore areas j.n vari
parts of the world. Focht and OrNeil l (r ger )
conducted.a survey to det,ernlne the s -of-

ing
ts ie
lng
cant

I

lrv

ron

sign

and
practlces. Although conslderable r
has been conducted on evaluatlon of t Ic
plIe capacity in acadenlc and scientl
circles, no real breakthrough has nade
that has unlversaliy lnfluenced
PlIe design has, therefore, remalned
tla1ly an art that takes lrrto conslde
the geology of the area, Iocal englne
and construct5.on practlces, appllcab
requirenents, case historie,s 1n the
and acceptable rlsks and ecronomic fa

It  ls therefore essential,  t ;hat a data
of plIi.ng experlence ln ther offshore
of India be developed in order to adv
the state-of-the-art of p' lJ-e deslgn
lnstal lat lon l-n these areasi.  fhe da should
thenbe analyzed to develop pile deslg
nethods specif ieal ly for Indian offsh
soil condltions and to lrLcr"ease the
rrconfidence l imltstr on ttLe deslgn and
lnstal lat ion Dractlces.

the acceptabil ity of offsiro:ce pi1es. 1{
et at (r9e4) arstuss how dynanic monit
of piles in the fleld has 1ed to signi
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PILE DRIVABILITY STUDIES

A p i le  d r ivab l l l t y  s tudy  us lng  wave
equat lon  shou ld  be  per fo rned pr lo r
to  ins ta l la t ion  o f  the  p la t fo rm.
Parameters requlred for thls study
lnclude pi le length, diameter and
wa1l thickness, soi l  strat igraphy and
water depth, and hamner and cushion
propert les. The pi le and hanner data
are provided by the platforn designers
and contractors. The soi ls clata ls
obtained from borlngs dri l led at the
s1te, past experlence and publlshed
values 1n l l terature. The analysls
can be used to predlct the expeated
range in the f ield bLow countE, eEtab-
l ish a ninimua blow count cr i ter la,
anticipate refusal and other drivlng
problens, and estinate drlvlng stresses.

FIELD MONITORING OF PILI] INSTALLATION

Fle ld  mon i to r ing  o f  p i les  nay  be  used
to evaluate the performance of the
pl1e driving hammer and to conflrn
the soi l  strat lgraphy at the slte.
I t  provides a basls for evaluating
pi le acceptabi l i ty. Ttr ls is part icu-
larly useful in cases where pl les
experience refusal above deslgn
penetrat lon or nhere the blow counts
at deslgn penetratlon are lower than
the predlcted values. The fol lowlng
paragraphs brief ly descrlbe the
instrumentatlon requlred, analysis
and interpretat lon of the data
obtalned"

Ins!rumentatlon

The instrurnentation requlred for
dynamic pl le nonitorlng include
strain gauges and acceleroneters f lxed
near the top of the pi les. These are
connected ihrough an osci l loscope to
a eomputer which stores the data for
each recorded hammer blow.

Data  Obta ined

The force-t ime pulse is recorded on
the osci l loscope for each hanmer blow.
.A t3-pical force-t ime record 1s preseyr-
ted on Flg"1. The energy transnltted
to the pi le is also obtalned fron the
acc le roneters .

Analvsls

The ampll tude of the f irst peak
force-t ime reco:"d rand the hamme
veloclty are used 'Eo compute ha
ef f l c lency .  Nex t ,  the  r l se  t lm
flrst peak of the force-t ine re
ccmpared for successlve bluws
cushlon wear. The paraneters
lnclude cushlon Etlffness and
of restitution. If, hasnrer effl
are conslstently less than 50
lf slgnlflcant cus,hlon deterl
suEpected, drlvlng ls stopped a
hanmer ls replaced or repalred.
hanner perfornance ls wlthln ac
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or rock and refusal becones ap
force-tlne records 1:or severaL

E ,

Ifunlts, the data ls used to
sotl condltlons and eval-uate
acceptabll lty.

Interpretatlon

As the plle driveB t,hrough

blows are reviewed to esllnate
of drivlng reslstanoe due to e
To do thlsr the nagnltude of
force-tlne peak ls cgnpared to
peak. Uhen the refl.ected wave
80 percent of the fl.rst peak,
tlne record ls non,lt;ored close
deternlne whether tLre pile can
further and to ensure that ser
or hanmer danage d,oers not oc
able to confldentl,y reassess
capacltyr the end berarlng shcapacltyr the end berarlng shou
increaslng trend anil should be
over 80 percent for several
blows. Also, the verlues of
eff lclency, cushlon st l f fnesst
coeff iclent of regti . tut lon
acceptable l imlts.

the blow counts are lowr dynam
can be used to det;ernlne pi le
A nininum blow cowr'1: l-s esta

oerformance is everlrrated to de
i+hether the piLe can support t

Pi les accepted in t lre f leld th
ficatlon oi hamner roerfofmance

pile capaclty uslng rrback cal
soi l  reslstance to r ir ivlng.

As piles drlve through weak l ls, and

a part lcular hamn€)r eff lclency ing wave
equation anaLysis. The drivi systen

rmine
design

1 s  l e s s
count

loads. I f  the f lna.L blow
than the speclfletl rninlmum
and the end bearlrlg conponent
i t  may be necessary to over-dr
The deDth of overclr:Lve
the desl.gn pile capacity shou
in the fleld basecl on the dri
IllSIlC€ r
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acceleration reco:nds. This p v:ldes the
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addit ionaf conflrnatory data requlred
to ensure that the as-instal led pi les
can carry the deslgn loads. Stevens
et  a f  ( t9eZ)  p resent  a  methodo logy
for hindcast wave equation analysis
that has been very effect ively used
in the Arabian Gulf to conpute so1l
resistance to drivlng based on dynanic
pl l-e measurements and drivlng experience
from nlunerous platforms.

CASE HISTORY

A case history where dynanic inonltoqing
was used at an offshore slte to evaLute
p i le  acceptab i l l t y  l s  p resented  here .
The strat igraphy at the slte conslsted
of hard c1ay, cemented sandr and gypsum.
S ix  '1 "07-n  (42  in . )  d laneter  P IPe
oiles with a wall  thlckness of 17 mm
I f . l  in " )  v re re  p lanned to  be  dr iven
using a Vulcan 560 hammer (a stean
harrner having a rated energy gf lOOrO0O
f t - lbs )  to  a -depth  o f  2O,4  m (57  f t ) .
Soi l  strat igraphy and driving data
fo r  one typ ica l  p i le  i s  g ive4  on  F+9.2 .
T h i s  p i l e ' i . e r u s e a  a t  1 8 . 6  n  ( 6 1  f t ) ;
Dvnanic p1le neasurenents confirmed
tirat the- Vulcan 56o hammer perfornance
was weLf above the acceptable l lni ts.
As the pi le drove through the uPPer
gypsun stratum below 9.1 m (fO ft) r  the
reflected peak on the force-t ine record
showed that the gllpsum was not conpetent
and was shattering under the hanmer
b1ows. Therefore, the pi le was drlven
through this stratun and down to the
lower gypsum stratum where the pile
refused with a final blow count of J4
blov:s for '1 inch of Penetrat ion. At
f inal penetrat ion, the computed hanner
eff iciency r*as greater than 8O percent.

The dynanic neasurements also lndlcated
the hammer cushion to be 1n falr ly good
condlt ion. The cushion st i f fness and
coeff iclent of rest l tut ion were wlthin-
the range expected val-ues. The naxinugt
dr iv ine  s t ress  neasured was 179. ,  MPA
(ee ts i ) .  So i l  res is tance to  d r iv lng
rxas calculated to be in the ranAe
17.a  to  20  MN (4OOO to  45OO k ipE) ,
indlcating a safety factor of at least
2"45" Thereforer the pl1e was accepted
1.8  m (5  f t )  shor t  o f  des lgn  penet ra -
t ion wlth reconflrmatlon of pl le capa-
clty using dynamic monltorlng. Renedlal
measures such as placing. a grout pLug
or instal l lng a grouted lnsert p1le were
not requlred to accept the pl1e.
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