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| MPROVED BALL PENETROVETER FOR SOFT SO LS TESTI NG

Technical Field The present invention relates to a
woredokoghvand apparatus for investigating soil prPOPaURI08®00249

of soft soils, for exanple sgabeds or other subnerged

beds such as | akebeds, etc., and in particular, to an

i nproved bal |l -type penetroneter and associ ated net hod

of use thereof. Background Art Detern1n|n t he soi

VED BALL SENKIROMBETER FOR SOFLS QLS TESTING
t he geotechni cal design of offshore install ati ons,
whi ch can include structures for oil and gas
nts, seabed anchorages, submarine pipelines

Te%ﬁﬁ@%gﬁ es, and wi nd energy devel opnents. The in situ
Th@papmtumecmtloﬂ relatabbrla swihal prdcfpparatiisyfor infviestegatiog tsbid properties of

sofhsoi: tHoGBE SO oF <O TIPS riakggpes, ote. and in
partiBl4s k& frﬂﬂi‘%@é@bé’l@fﬁb ‘ibgnétfbrfi’&@lparﬁrhgsdélété@n@ﬁﬁﬁ ofk&thereof.

eré s t 'sedi rent s predom nate, places increasing
i nportance on the ability to accurately neasure soft
0|I érength and deformati on paraneters. Exanpl es of
gTOMUd At §ocument s descri bi ng known techni ques for

De@ﬁﬁgﬁ%ﬁﬁ%oﬂ%&rd&&isﬁgﬁop&&e&@d #Gah eddentfal 488 ciQthe %Géitechmcal

6,818. Sedinment strength profiles are commonl
desigrolnféliorainstalatians; which cominclude ssuctuses! for odapd gpe de‘tﬂ}OPmentS

seag%i,l%léq %B%E %gﬁbpgﬁ%eu&pgg%esgaﬁeéﬁlﬁse fapgr' légr& %Fve‘igﬁmerﬂs The in
sitd PRSHrtids BY segswdt sdils pflﬂé@icﬁfﬁ inflagre ﬁieaﬂési)gﬂT&ndT drmance of

commonly used to profile the shear strength of so
strusgitres thab inderaetgith dhe seebest L herfeendgndhe effehqr@ FREIEY m@sstry towards

ol AP 2 S A S 58 g

impatnceanl thedbiliy ttbeadcueitely Hessufe Baft gaiVistenpths and deformation
advant ages over _the conventional CPT. and VST t

parpmeters, UPmpiesc PHPBAT PHr AeQimIents descERing: Sngvm te%&}%% dfir seabed
ana} &, ﬁh&@%'ﬂzﬁégﬁﬁy@%mm %ha PRI, pRNEEg at i on

rBsi stance, dnd 't eonet ice al so
negates the need to correct for water pressure

fects. In soft soils, se factors conbine t
Sec}le&at strengtl rﬂraﬁgﬁ VATF rF%‘E%?’gﬁ RISy ST RS aeﬁﬁ%% of tools,

deﬂl&‘?ed by various means including ‘wireline’ drillstring, coiled ‘wheel-drive’ tubes,
seabed push frames and more recently by remotely operated seabed platforms. Tools
commonly used to profile the shear strength of soft cohesive sediments include the cone
penetrometer test (CPT) and vane shear test (VST). A relatively recent penetrometer
device, known as the ‘T-Bar’, has also been deployed in the field. The T-Bar device has
advantages over the conventional CPT and VST tools, in particular a closed form solution
exists for undrained shear strength as a function of bar penetration resistance, and the
geometry of the device also negates the need to correct for water pressure effects. In soft
soils, these factors combine to reduce uncertainty in design and significantly enhance the

resolution of the measured soil strength profile. However, all of the above tools have

limitations.

Key disadvantages with the use of CPT devices in soft soils include:
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resol ution of the neasured soil strength profile.

However, all of the above tools have limtations. Key
waele®atyeamt ages with the use of CPT devi ces i n BOf/AU2005/000249

soils include:a) cone correctjon factors, which are

used to convert CPT tip resistance to 30|I shear

strength, are enplrlcally based and vary w dely,

dependi ng on the t dstate of th under goi n

B0 eone fitechan ool SuEharS s e domve éffglébp.rescﬁt?lgq? {gfboil shear
C

Cég%g hon I%"n%lﬁé’zﬂl esF%d/n aﬁ@@ﬂ‘é&ﬁ@el&/?&cﬁﬁdﬂl gfrntetlﬁg aeralmfll state of the
vdmélnumia:tgoeng debt.t dJMthIaHHWBlaemcmmi mﬂpt}%spplmal)lon of cone factors
require a correcﬁlon fo t he e fecta of water pressure

HOPERLY 59T e MR dakes BF o eAimAn AREm( | p. Thi s

correction is typically very significant in soft

sedi ments, which nobilise relatively |ow cone tip
d)e €PI devices dpdrtigHanky whes sylyjecedvint ligh prebient medsr pryssures), require

C Cobt eg S0 ei})rgﬂe?ﬁ?cz g%\%/r?teggr%?sbg%{u}é%gwe ngﬁ?griegg 0} fhe cone tip.
rﬂl@&éﬂ’@&%n sré'@#cahy Red/ § gﬁﬁf:zﬁﬁ Ghy! %ﬂ‘ Sedif@nts ORBlich mobilise relatively
lised on the cone’tip | cell to typically less

tlbwn:oae fipwrdsPares anchbighekeess petwattmgprewp%scl ty |oad
cells (sedinents that nobilise tip pressures of 50 MPa
or greater can usually be probed). These factors

CONBORE phbticdies hdie a\&@lahasllyepr‘s&s epkity ntooﬁcdui’dielg _I_proﬁle soft

dévi ce. D| sadvant ages of the VST include: a) t
cadmasntsor Shexibave radativiehusmall m!paggaSe@remclreg thehlead imeehilised on the

st rengt,h t

b B8 bl b Bl SR p dty P e Py gty Tosd
CRHlE {Sedithants &Hlats mdbﬂlsecr)ip ippenshel g SO MP@ d¥ Ogrleatiely menlwsually be
requi red for_correct .interpretation of VST results.

kgbaf) s Abessrfpetge combinrioredige theavakbleapialutiogy of the device.

depl oynment via a drillstring of relatively small

di aneter, lies with the required geonetry of the
Disadvart syt olf tHeaW ST Recdwter ch t o date indicates that an

aspect ratio (length/dianmeter) of typically 4 to 8 is

required for accurate in situ nmeasurenent of soil

Sagr ﬂ{égglﬁg c?réggﬁtfs PVl £ Ubhtflof mdiSAtig: 8f 8 Qleal BRength profile

with depth;

b) the VST is not suitable for measuring the shear strength of dilatant, coarse grained

soils;

c) knowledge of the soil type is required for correct interpretation of VST results.

A key disadvantage of the T-Bar penetrometer for deployment via a drillstring of relatively
small diameter, lies with the required geometry of the horizontal bar. Research to date
indicates that an aspect ratio (length/diameter) of typically 4 to 8 is required for accurate in
situ measurement of soil strength, To provide sufficient bearing area of the bar, this means
that bar lengths of more than 150 mm are usually required. This presents problems for
many offshore drilling units, particularly remotely operated seabed drilling units, which

currently are incapable of handling these large dimension tools.
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that bar lengths of nore than 150 mm are usually

required. This presents problens for many of fshore
waleooslopaagz units, particularly renotely operat eBCEauR®A000249

drilling units, which currentdy are incapabl e of

handl i ng these | arge di nension tools. The spherica

bal | penetroneter (SBP) is a known alternative device

that offers the same fundanental benefits of the

T-Bar, but w thout the associ ated probl ens of geonetry

r

Th§§%l?e%‘%51[ ll)eﬁf“geﬁ% géqggergsgr)s?g % %ﬁ\?{l Zd}]t@?ﬂ#gp géx{lgé that offers the same

fundeibaes bendfits bf itc TuBle, biewithbhothienaysodijted Ijbedﬂﬂerﬁs( Iof tggometry as
an exact solution for shear s%ﬁ§ngth as a function of
desseibed #hoxei hee PBEoSlerneaumbgr qfiiistpst pdvsatasen Ve cenvendional in situ

tesfﬂﬁ b W&{%a?{d eﬁfo}]llgg .for a standard CPT tool -

FS OnBans bearing forces are
nobilised in soft sedinment profiles, greatly enhancing
the resolution of the nmeasured shear streng rofil e,
‘Il?élfeee%lﬁté 3o SX1ck SPRIER T RAEETS i 6 RgeRiut of gl bearing
64 d, sinplifying data processing and reducing
uncer afnty of t he nmeasurenents; d) a neasure of
remoul ded and cyclic shear strength degradation 'S

al. sQ po ble via stati, hdr ayal

|baame ?lo?ew HER S FIgP e\?hggﬁ‘@%?étth%& ot SfPGIL P tool — this
P t

been opt ecEfi} %ﬁ@%@aﬁﬁ%’ RIERARS nidHilistE 1nt58§ seéﬁﬁﬁenf‘?foﬁles, greatly

general field use and the presen
anpinotsgihe iresofuitonanfah emedsusstyshearbdtiengthcbrofileort s of its
depl oynment in an offshore environnment. SBP probes
disclosed in the literature are individual dedicated

icgsﬁfe%% SioWsfghi fe AP Iv@téi‘uénleﬁsdr@ doPREtI&R k&quiredS Sintplifying data

e ball, with™no capability for optional neasurenent
@irogessing wad mdupmewmmty@f th@emn@neemqnts;s ently known
SBPs rely on wired el ectrical connections between the
downhol e probe and the surface equi pnment for power

D PRhYeatite dFatmotie® ARY yclid $hewPbtréhglie daghiadioadealtd gd3sible via
provi de an i nproved ball penetronmeter probe that is

istatisrvciisepealiand onicydlicdewding of Bedpoldpioygegetsptionrsto the soil.
i ke, and has a reasonabl e cross sectional geonetry
suitable for both wireline deploynent and for
Deéfie! thyseeddlvaniapéiothe SBP test has not been adopted for general field use and the

present applicant is not aware of any published reports of its deployment in an offshore
environment. SBP probes disclosed in the literature are individual dedicated instruments
with simple built-in load cells close to the ball, with no capability for optional
measurement of pore water pressure. Furthermore, presently known SBPs rely on wired
electrical connections between the downhole probe and the surface equipment for power

supply and data telemetry.

It would be advantageous to provide an improved ball penetrometer probe that is
interchangeable with conventional CPT probes or the like, and has a reasonable cross
sectional geometry suitable for both wireline deployment and for deployment using
remotely operated seabed systems. In the latter case, such a tool can exploit the use of
wireless data transmission, such as known acoustic methods, to transmit measurement data

from the downhole probe to operators for real-time analysis and display. It is preferable to
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renotely operated seabed systens. |h the |atter case,
such a tool can exploit the use of wireless data

W@ e@seiIssi on, such as known acousti c met hods, PEDAU2005/000249
transmt neasurenment data frgm the downhol e probe to
operators for real-time analysis and display. It is
preferable toprovide wireless data transm ssion so

that the probe can be usefully enpl oyed o seabed
proyidet veinlessftaty Epmsgyssion seibat @Fyrﬁﬁlﬁ GRORS yieBibesraployed on a seabed

e ri i X . C IH N
sl G el o oy i, B R E U EEAE ahice e proe
into fleeitRdepR fanatgnst at i on" generally refers to a

surface vessel or platform where the downhole data is

ultimately received by a conputer interface and human

- « iy P& RuaiIf TR " 1

s GR80l ok Pa 08 A OBt P AUAIY R0 P vesel o
platiomnhwherephehiowhthols daté s} vdidately ombived Dy & oomypglert interface and

wat er colum and the borehol e. ot her alternative for
hurgan epgrater In fhaease ofeayirdine Sé(StS?H'AfBF Fgote PPERIRg sftign is connected

' . Lt . |
B A s R S IS 4 i o
borehéls. Anoihepmaitetatied féoso-salidd “niezsweeneent twhiles driflingy wees a “mud

used herein, the phrase "renotely oper d seahed . ,
PuSG SEHIT GanEEPI Qo BA SIS EIGISGs (e e, nt (e il tring
ho@é&?ﬁai%%i?x??&c%ﬁ%f SR bfadleief t1s Ot her wi se down the

orehol e om a seabed platformor other type of

vehicle rather than manually froma surface platform

Communj cation fromthe be to, t.he .,seabed .,

A5y Bty o PR BEmBiFyeperticn el R srapriy gyfers to the

sittftibB ife {HRShe (ROdBPIsYeaabbatital§lopestierivie &RADER borehole from a
system and the surface vessel (1.e. the "renote

seabp: platfory art etheotypp afsvahygle eatherythan aneguelly drem or surfase eplatform.
i o I e ST Wy o

andloiCBY WaLdlésRméAis. (CRhEniEEfRionPb@®BeH €he Nebed tshste@Sand ke surface
woul d be advant ageous faor a ball penetrgoneter to

VeS}§¢l_d\i/~b-dbe é{re@zﬂﬁgsppr!atigg ft@ti%’ag@ .p}@lq ig girgrwd{ar cable (eg. electrical
or érﬁiecgl g@élgﬁeg&)sm pation testing to be undertaken at

i scretion’of the operator, negating the need to
conpl ete a second borehol e using conventional CPT

equi pnent . DI ssi gggti on testing is a standard neans

f
Unjtke signdang GHIntegefrind®htR teshdptagioss RAGEPILNE ALOTErit Rt gore water
presdiffe. CREOAINEIELY, it v DY KivaNABDs P LbAI Geiidineter to provide a

capability to measure this parameter, as this enables dissipation testing to be undertaken at

the discretion of the operator, negating the need to complete a second borehole using
conventional CPT equipment. Dissipation testing is a standard means of measuring time-
dependent soil drainage characteristics. The capability to measure dynamic pore pressure
may also be employed to estimate the cyclic performance of soft soils subjected to cyclic
loading. Additionally, or alternatively, it would also be advantageous for a ball
penetrometer to avoid complications due to relative movement of the soil in contact with
the shaft, which normally gives rise to friction forces additional to the bearing forces acting

on the ball.
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may al so be enployed to estimate the cyclic

performance of soft soils subjected to cyclic |oading.
w@dasodwomal |y, or alternatively, it would al sSoOPGEAU2005/000249

advant ageous for a ball penetyoneter to avoid

conplications due to relative novenent of the soil in

contact with the shaft, which normally gives rise to

friction for es addltlon o the bearing f rce
Thigcidewigficsri 1956 Tpapp Improyeqd &@httm BENCLORS od of use thereof

wh'ticﬁip v o‘?ﬁjﬁg I%t ht Tk ﬁm@ﬁ&%ﬁésﬁﬁ‘gt%l%g ng{t%réﬁ? hf‘@l@ 91for 4r®

overcones o ates
probl ems inherent in the prior art. The reference to

any prior art in this _specif] catlonlsn d shoul
The gefersace ik @) Baor %‘hna ﬁéﬂﬂ%@%@ﬂﬂs 5Pt éﬁ§ shey WD en as, an
r
Gt U R o R nféé%%P °ffhe common
gerpiakaotvlddgeent i on ai ms to provide an inproved baII

penetroneter for use in nmeasuring the in situ
undrai ned strength of soft soils. A further aimof the

Dlécméﬁpéb?'i Vehtiof Provide a ball penetroneter probe that
I'S mtercﬁangeab le with a standard type of cone

The preséutanmeméon pnmﬁote movithenlinpegved ball qobh@rcﬁmtemﬁ)e ug¢ ithmeasuring

thezg[ﬁfn?}ﬁgﬂ?a%geéip#{ g@‘ qfssl e {esq%y ol or glﬂémst{tleonels to provide a
balp g@ﬁe%'&netér Drébel tHatt 8 %te%‘ﬁﬁg‘éabfedwltﬁ ldtsta{iﬂ dnetél?s BFk8he penetrometer

rm t he invention can provi de a bal roneter
prqbe olrethgi like, aumirle fommee witlessifaee dazlg mareline equlpment or with

{ t t nbodi
witg ¢ peit {SRGRRS PAcBieDy BRfief drion SRR T Alftheg profereed
buttndirésdenRd forhd) QE@ afedtickRan ipsevida s WP enetroMiedt Yrobe w1th a pore
attached on its axis of symmetry to the | ower end of

watsy preseinre seeasusement capafalighaf t  di aneter bei ng
substantially smaller than the ball dianeter and the
shaft | ength being substantially greater than the ball

Acélraiiipt 8 a phfticutdtadribddimaniapf ke pteseiitSinvpiidn, ehel Hall penetrometer
attach to a nodul e, for exarTPI e a _conventional ty of

inchidee 3 dwrd,entzci,amb%r@# SAapAmRIE drigidbh agtﬁﬁwéape its axis of

BB AT T o S FERAERIE T SR Qi et substantialy

smalkgahd theiball divmesér andtthe sheeft knigth tedal sibstantialiyc preater than the ball
diaIn%{e?'.e T g tsihQ 1? I’a]tdztx.phcezed %?ll%s lilgper end to attach to a module, for example a
conventional type of electronic transducer module employed with standard cone
penetrometers, for example as manufactured by Geotech AB and A.P. van den Berg BV.
When the probe assembly is thrust into the soil bed, the reaction force acting on the ball is
transmitted via the shaft to a load cell in the transducer module. The transducer output
signals are transmitted to a remote operating station for display and analysis in real-time.
This transmission may be accomplished by wireline methods, by wireless acoustic means,

by electrical or electro-optical cable or by a combination of such methods.

Relative movement of the soil in contact with the shaft will normally give rise to friction
forces additional to the bearing forces acting on the ball. For accurate interpretation of

measurement data attributable to the sphericalﬁ geometry alone, the shaft friction should
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transmtted via the shaft to a load cell in the
transducer nodul e. The transducer output signals are

wo e@nsmst ed to a renpte operating station forPdi/apkm@y/000249
and analysis in real-tine. Thgs transm ssion nmay be
acconplished by wireline nethods, by w reless acoustic
nmeans, by electrical or electro-optical cable or by a

or&Gply Fe SiBete i A EHOCS RERTEH| 1ot AR Ay gty e imvention
préAddd thét the Qhaffp{s %ﬁ&oé’éﬂiddsi drPAMfrik@orf d16evear i ng forces

acting on the ball. For accurate interpretation of
rreasurerrent data attri butable to the spherical

HBEP ehoRutg @ Gt Aa sy G pEAr S i BSnc b hehigpometer can

pr&ﬁﬂéﬂ eifhbe 1ﬂdi'\\ﬁﬁﬁ‘élly0(5} i ébﬂﬂﬁﬁﬁldﬂ“ ah dnfiefriehah kleede enclosmg the shaft
encl’osed by an antifriction sl éeve. Hence, accordi

and/or di Ifo[reusemlatembwmﬂ@d tvgitlopr e parh of dlam sphenvelnboctmwﬂhraé least one
t th d
G S PoR] A PaeeY Frpie bk Shealsftbo R bt Sseatbly

shaft and/or a porous material provided with or as
part of the spherical body with at |east one
In one pegichlag embpdimeat, the shadt lgé@@s&beertcmsgdu §bi atbular antifriction sleeve

Witk Barared S PR T FSREER e ki A0S aPR) bir sffmtp the outer

slea bf fHeCtdrRBudcek @ﬁjdﬁle\MAlc@&dﬁ% foeﬁmlsleaspa&ts |df% fuarlacafbodiment
into the top of the ball its UDP into the

of the invenfione the Btiftiontsieens @B@?Ph%ﬂb’l s¢a eﬂ\é’d’éﬁiﬁlbig segding members,

foJ ‘é&&'ﬂ le %51%? tsato% c?t I’I(illéL 0- HE ogéaﬁe% cﬁ%m%??te minute axial
i T anPion @ antifriction sleeve®is perlphe

dis‘pﬂz%bméntb)f thé &xll bhdslaiadssagblyerisirigsfrorh @eactiva fpices on the ball during
rings, at _each end. The?e o-ring seal s accompdate

sowﬁlaﬁt@ﬂa;e o vathdpwel ehhsrhallgnd shattisssambly gans Higs ireely sense the true
f
ax él§ REAARLYN f)ﬁ e [ONdILAGE gﬂo\M tdIC}]pr aﬁﬁ? SH t%%ﬁbagatl‘logcrl] aensmg is bi-

uring so enetfation an
dirsttidrial, a&m’em’gl mezsaring fhosh fdosaiwarde pseettationt intre vadisairbed soil and

e} ing on the pall sol ation from soil
UPTRTASt t@ﬁ?‘ﬁ%‘uﬁfgﬁ?moﬁléﬁa f?@ﬁ rﬂtﬁ%i"s bi directional,

that is, measuring both downwards penetration into

undi st ur bed soil ar_1d upvvards thrust as a neasure of V
Acceriing ded thehgaesestt ievegtibn, Aecsswwinegt tof soid ﬂ?eesesﬁtength may be

i nventi.o maasure nt .of soil, shear stren

accpseh Do 59 "bf Bior oyt ST S ik, Jlsa” grnown bail
penétfonat& fbbeK%V\ﬁbtbﬁokflcEeﬂ@é Copabilag. Wc@&%gj@o RP¥urther particular

[

provi de h| s capabi According to a further
embadimeny|ofithe present 1nvent10n there can be provided a peripheral ring of porous

material around the ball. The porous ring connects via internal fluid-filled galleries in the
ball and shaft to a pressure transducer in the attached electronics module. The porous ring
allows the internal fluid pressure to equilibrate with the external fluid pressure surrounding
the ball to provide measurement of dynamic pore water pressure. Preferably, the porous
ring is optimally positioned at the mid-point of the ball where it is least affected by creep

strain of soil during the course of dissipation testing.

Deployment of the ball penetrometer into a seabed, or the like, can be achieved by various
means including ‘wireline’ drill string, coiled tubes, straight rods, anchored seabed frames

and remotely operated vehicles or seabed platforms. According to a particular aspect of the



enbodi nent of the present invention, there can be
provi ded a peripheral ring of porous material around

w0 b@slogdok2 The porous ring connects via internBtT/AU2005/000249
fluid-filled galleries in theyball and shaft to a
pressure transducer in the attached el ectronics
nmodul e. The porous ring allows the internal fluid
pressure to_equilibrate with the external fluid

presewdBYAnEoR, the SnFaPH g coRAuGIRg 2 Pall pPRSiTQRActReSh geugatly involves at
wat er pressure. Preferably, the porous
leagqsﬁgyﬁ%ﬁ)%%t?%ﬁy positioned at the m d-point of the
ball where it is |east affected by creep strain of

sorI durln t he course of dissi i on te i ng, .

sHng D DAl REEEPCGE ABDE JHB e S o6l bod o gekpowy rate, cither
the v 8 W Qrillstri
T R S Gt e
anc basieg seabed frames and renotely operated vehicles

or seabed platfornms. According to a particul ar aspect
of thepresent invention, the nethod of conducting a

'n%negglm Ib%hhg esidfiiloe 9»? ﬁ%"s@illol’l thé‘BQﬂ vesusa;sedeeaﬁén depth;

e s thrusting the
penet r onet er probe |nto the soft soil bed at a known
rate, eithe nrenci n

| gatiG e DRPOUGPO T T PoRiFrH o e 8RS By Bball as the ban

§eﬁéﬁgeslqg@§dlpg resi stance of the soil on the ball
verSus penetration depth; c¢) neasuring the dynamc

pore wat er pressure at the mdpoint of the ball as the

05 GR35 AP £ RS P O B g aont

|nt%ﬂ&@5§aﬁa@tgknawhegwp rate, e) measuring the
bearing force resisting withdrawal of the ball from

the soil bed as a function of depth; f) where

SR R G v

charf@{aieﬁiosﬂdﬂﬁ of the soil; g) concurrently recording
nmeasur enent ta fromthe probe and transmtting the
same neasurenent data to a renote operating station;

f) where required, performing multiple compression and tension loading cycles to

obtain a measure of the degradation characteristics of the soil;

g) concurrently recording measurement data from the probe and transmitting the same

measurement data to a remote operating station;
h) recovering the ball penetrometer probe.
When deployed from a remotely operated seabed platform, the penetration depth of the

ball penetrometer into the seabed may be progressively extended during a test by joining of

a series of connector rods or drill pipes.
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h) recovering the ball penetroneter probe. Wen

depl oyed froma renotely operated seabed platform the
w@eeny@si on depth of the ball penetroneter i nPOI/ALZ005/000249

seabed may be progressively gxtended during a test by

joining of a series of connector rods or drill

pi pes. Bri ef Description O Figures The present

i nvention shoul d becone apparent fromthe follow ng
Brigf DeseriptiahOf Jigwesi s gi ven by way of exanple only, of

e . hu . L -

Th PR iR Il plodihe it IR TR HONIARE Qeseription, which is
giveh by Waghefvexanplaxomly, séat pefatedvbetwnad-limiting |embodiment thereof,

penet ronet er, acc,orﬁli ng to a}]égarééygul ar enbodi nent of
degcribed M cORREGION With eAEpAPEIY NG R of end details of

the probe enlarged for clarity. Mddes for Carrying Qut

The I nvention The foll ow ng nodes are described in
Figorideliows apraxvdl ceecomabd réeprafca dell yredetrsmatediacgordingt teea particular

subject pmatter of th resent .invention. Preferre
et eh BV S CBf BHBIERAER gy ey of (e probe cnlarged for
claﬁﬁnetrometer according to the present invention

I'icl udes a | ower hem spherical body 1 and an upper

hem spheri cal body 2, the hem spheres being of equal

r adi_us conceat&rt' al arranged and rigidly attached

Mogles forCareying EPUO} 5"t he | ower end of a shaft
Thg f&l&v&iﬁ% Hoes Ridelcs& edih OREr 3 pRRIeYa mbREprecise understanding of the
em spherical bodi es have uni form outer surfaces of
sulgedt matcr of thkepoement ioueptrmss. The upper face of | ower
hem sphere 1 is provided with an outer circunferenti al
groove 4 and a nunber of radial grooves formng
Prf &l SGRPEBMERLND passages 5 between the outer groove 4
and a correspondi ng annul ar passage 6 forned by a |
With refeneficsr torfiigal, @b%bp@leﬁﬁfl@%ﬁﬁco& ng e thuprepen daypatign includes a

furth t [ ; . .
tovggt HeffépneR BoUR 1t B PP SEmRpn bR Bh PSS BRIREIHERS being of
eqitd ¢REEA cbhoentridatiy arnanged and rigidt)i atachedon dseif anisrofigymmetry to the

i nt erconnectin assages 5, and there are two.radia )
lowrnd pég shaft 3 t% tgrm a s%herical probe assembly. Ji‘he emlspﬁericai bodies have

uniform outer surfaces of defined or known roughness.

The upper face of lower hemisphere 1 is provided with an outer circumferential groove 4
and a number of radial grooves forming interconnecting passages 5 between the outer
groove 4 and a corresponding annular passage 6 formed by a circumferential groove in
shaft 3. Annular passage 6 further connects via a number of radial passages 7 to an axial
passage 8 in shaft 3. Preferably, though not necessarily, there are four radial grooves

forming interconnecting passages 5, and there are two radial passages 7.

Circumferential groove 4 holds a ring 9 of porous material which seats against the faces of
lower hemisphere 1 and upper hemisphere 2. Internal passages 5, 6, 7 and 8, are thus fully
enclosed and sealed from external water pressure, allowing their volume to be filled with
fluid. To minimise the total internal volume a solid rod 10 having a diameter slightly

smaller than the diameter of axial passage 8, is inserted along the length of passage 8. The
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Crcunferential groove 4 holds a ring 9 of porous

mat eri al which seats against the faces of | ower
whewsspier e 1 and upper hem sphere 2. | nternal POE3EA98900249

5 6, 7 and 8, are thus fullygencl osed and seal ed from

external water pressure, allowi ng their volume to be

filled wwth fluid. To mnimse the total internal

volune a solid rod 10 having. a dianmeter slightly
maferpal | psppartiesnok Fae & allast dhe SpidRIesiurg 4% SHe Psssag%s 5,6, 7 and 8 to

equﬂ%?arté ?ﬁh FHe eﬁ‘lg'leﬂ\bﬁ %?(%sgm‘% in e@l?tﬁﬁlgaglt rlnér pemat eri al

properties o ring ow t pressure.in inner
passages 5, 6, 7 and 8 to equilibrate with the

Thapert EkoIAGHARE & Heulcd CRAEAR ICBIRALE Bk ek forms a
ng&h?tftacm%ntsm‘% 8o ]aQCOBQE flﬁlf glof idthuffeRiE0h quZé Tﬂg‘containing

a conventional type o trumentation no
an Gl doad ngnalncexiAdiall mashgder &restbnde throdgh e phskalpagth of stem 3,

ext ends through the . whole | ength of em 3, connecgtin
conRACHNG IKQ i qayﬂzzl 4ith ins{RERep AR GHe ﬁ%dﬂi‘@%ﬂaﬂa@fﬁry Yormed by
| 1
pelslh 280 3 g PALER e PRSAEOERS Al A1) oring 1
and a thregd-idalaingtrew t1i6r aaﬂatsthauppbrgnd byat @ i ti7 athusiproviding a leak-
rOVI di a | eakti

e AR A RO B0 DPRED th FPSURH: i PRt epirg gransducer is
prwﬁ&‘éd%%&rsﬁ%wéﬁmtdﬁg%%cer is provided to neasure the

'uid pressure p of upper hem sphere 2 is
recessed to freely engage the | ower end of an
oi.nt

t t et e me e
Toidin iRePh IR deticepd o bEuRlend B RE IR BRG g g ani-riction
sle@l'é'flﬂi arﬂexoﬁohﬁ %eﬁ&h@ﬁrupgadh&ﬁlsﬁm&s\zeana&l&m 384§ sédal By'aflo-ring 19.

sl eeve 2 i nstrumentation nodule 13 and i s seal ed

Sirpilardy the pppey ond Of)sleieﬁgswlgngﬁg@s e ohtes sdgave s oé dpgirumentation
tp, ! t | f ¢ )
g Pt S3enind By ot 21 iR D S REFUIRE R0 1 o “flom

whilg€u e el sIPARY sehBing $Hafks3 withoet Beheg lﬁ%htabﬁdlth ithe
force resisting penetration is transmtted fromthe

spherical assenbly through shaft 3 to the |oad

In g@%&%ﬂﬂc%hehnthgoﬁéﬂg 0 terTﬁeF}ﬁuétSm (ﬂ at?fef‘ %om 5‘% S8R resisting

Imovenen bal and asse
peticttagibn Vie fransalitted drobB. thAngphsticdl assembbnthrosgh shaft 3 to the load

LAl A bori oS i i
sh#t F%J@ﬁbﬁ oregatfx%r &eslg&}esf‘%rlgﬁfs o?}f n%cﬂl%mgﬁf Is acchBfYSaI& by minute

tes sha riction
flexing of o-ring seals 19 and 21, with negligible effect on the measurement accuracy of

the true force acting against the ball. Sleeve 18 fully isolates shaft 3 from soil friction
which would otherwise introduce inaccuracies into the desired soil penetration data

attributable to the spherical geometry alone.

In a specific, but non-limiting, embodiment the hemispherical bodies 1 and 2, shaft 3, solid
rod 10, anti-friction sleeve 18, and associated parts or fittings may be made from a metal,
such as heat treatable steel alloys such as 4140 or SAF2205 stainless, or any other suitable
materials. Ring 9 of porous material may be made from plastic material such as Porex
Technologies 40-100um medium P.E. Part No. XS-4904. Internal fluid may be glycerine

or a high viscosity mineral oil.
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whi ch woul d ot herwi se introduce inaccuracies into the

desired soil penetration data attributable to the
w@pivendwatl geonetry alone. In a specific, but PCT/AU2005/000249

non-limting, enmbodinment thegem spherical bodies 1

and 2, shaft 3, solid rod 10, anti-friction sleeve 18,

and associated parts or fittings may be nade from a

netal, such as heat treatable steel alloys such as

4140 or SAF2205 stainless, or any other suitable

[

TR 3h g B3 8 8 RRAGISS FPU Frelon PR YoRBOTRAL OB, b
noﬁ&diuuﬁg,Fblﬁ)odﬂaemt thio dia®tetdtizhentisplerical bddies H andh 1b eapprox1mately

gl ycerine or V(i SCOSi t ineral oil.To provjde, .
G0Fr Wi GaEeih 0§ RIEha THERBRSIBHEDLIC e P afgnfiggot Sold rod 10 is
spBERELHONTYTY B BB O ariL pREet s i admptcly 5 rom, the
dianédtar ayd palmﬁmMmls%e@@ bdn ist bppmikim&telgr 18f nehafthe 3vidth of radial

pr oxi.mat el t he di ter Ild 0
in G BRRACHTAPAIYER 75 WAOTHEISY drneang e i 4 488a Bassaees 7 is
X| FRthY SRifbant BR §fE%hI%f b mAMR {of tht GhiGftude of th
apfgr%ng\;zgél%si?z appr ox| mgtne ym% en\l/vl dth of rag’qd Ie ot these
dimertséomsom nmmhusreglhmdanmgse&l@mmswgmydhe pesseritynventiom. and

the width of radial passages 7 is approxinmately 1.75

mm Significant changes could be nade to the magnitude
ms%xﬂehamn%&ﬁﬂé 19R8ayl Be ¥ Tdotdth ABDPHIsHRIKPLNNBNWEEBLEr an A.P.

by the present invention. Instrunmentation nodule 13
vanrdyn BersB¥euinecidaptBr far eiestiic cene Iae (ELW.0-GHP Uit drangmits data to a
rene% é)té%%?lgg ; equ%lex\{} gﬁ%d qtyg{a gg’(?c%ssztllge geﬁ%{ngugsogr?d calculations
onRhO®@afmSidNgs &y 6btain Mx%asﬁl’exﬂﬁfti OF Afc: Ks1O¥Nadin@CAS HeBhll penetrometer

t echni ques and cal cul ations on the data so as to
andfor ef POTAEEAPEIFEHEs of the forces acting on the ball

penetronet er and/or of pore water pressure. Various

enmbodi nents O her enbodi nents of the present invention
Vadibes pabsdibleats Accordi ng to anot her enbodi nent of the

resent i nvention the penetroneter may ke use of an
Othgr epbedinests OhndeoPHPset o FVEROR narg| E%Sélbé? t Mecarding to another

em?BHﬁﬂle%tt %IT Stl?é:ﬁ%:(s)%{t %Hréiinﬁgn e :ﬂ@ﬂétﬁﬁﬂ&éﬂ g rg&ig:' §&% of ﬁpglhpsmd or

sim grooves parts ca
splizeoidtgebimstrg in ptaee vé the sotidsphere or ball provided by hemlspherlcal bodies 1

and 2. In this embodiment, similar grooves and parts can be utilised, however, remote

processing system calculations of forces resisting penetration or withdrawal of the

penetrometer would need to be adapted to allow for the change in geomeiry.

Different numbers, locations and configurations of radial grooves forming interconnecting
internal fluid communication passages are possible. For example, grooves may be provided
through the body of hemispherical bodies 1 or 2 rather than being formed at the interface
of hemispherical bodies 1 and 2. Also, although it is preferred that the porous material be
provided as a circumferential ring, the porous material may be provided in other
configurations, for example, as part of a ring, covering only an area near the ends of radial
passages or as spaced-apart segments. An alternative to the porous ring may be provided
by knurling the internal faces of the hemispheres which when held together form a

labyrinth of passages interconnecting to annular passage 6.
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15

processi ng system cal cul ati ons of forces resisting
penetration or withdrawal of the penetroneter woul d
wme®d/opw4be adapted to allow for the change i nPCT/AU2005/000249
geonetry. Different numbers_{hocations and
configurations of radial grooves formng
i nterconnecting internal fluid comuni cati on passages
are possi ble. For exanple, grooves may be provided
t hrough the body of hem spherical bodies 1 or 2 rather
i t1ar i C .
P R R T TS ol 101 R 1L PO Al not essentil
that hieesp @oopeneris of ilwl pdnetrometer de atyhndmnat,l they mizy kavie] £r example, a
ring, the porous materi al 1% e proyvided.in other
recéwllag GROE PRHION OF B OISR SATICD, thaicvapisF plope theit [eAgth
covering only an area near the ends of radial passages
or as spaced-apart segnents. An alternative to the
Thpgrthers has heennmrgvided irr accodBdcdwithrihe prasgnitihveeritivheamahproved ball-
faces of the hen1s i.ch en hel d together form
tyRg NeRBYeET ATk as3aeL %fg’é’§ Oﬁ‘l%éﬂ‘é% B9fing to annul ar
passage 6. Further, various geonetries of shaft 3, rod
10 and sl eeve 18 are possible, it is not essentia
The ﬁavemihagaax @lsporee peid tofbrohtlyp@meitst omthe patts; elements and features

dric f or a rect ul ar .
refibesl B o BBttt et R By e ALy ip ey & S pmBihations of
twé Beinord &ngt BartsT rcl'lb‘iﬁenw"'&’f RatlAS, ARPRhEeRVIp8Hiciiftegers are mentioned

accordance Wi th the present invention, an inproved

herigi Whyb dapekerwmoeptieleninin tesudpavhdch thetinvenhtion reletes, such known
Ih t b d.tg. b
califfibfgers oot B B ncOihaf Bt Ao dh tde Rkl HLREW o

to or indicated herein, individually or collectively,
i n anﬁlor all conbinations of two or nore of the
€

Althavghsthegprefernd smbpdimesat hpebeensdrgeriprs & detaibdt shqudd be understood
tha’t %r‘fcgﬁ fRafdes ﬂﬁ)?t%ljuﬁar A Fc? Eg%rgtl tﬂ ﬂ%&%g n&{l.[)]}gwﬂe Q artdggary skill in

valen e Inve
thewmltkdm%paeﬁmg fralmethé Scc@ie@fd&ﬁ}ﬂﬁdant invlegtiomcor por at ed
herein as If individually set forth. Al though the
preferred enbodi nent has been described in detail, it
shoul d be understood that various changes,
substitutions, and alterations can be nade by one of
ordinary skill in the art w thout departing fromthe
scope of the present invention.The clains: 1. A bal
penetroneter for in situ neasurenent of soft soi
properties, including: a) a spherical body attached to
the end of a shaft, the shaft being of substantially
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smal  er dianeter than the dianeter of the spherical
body and bei ng adapted to associate with a nodul e

w@emwsadeng an axial force measuring sensor aneCTAU2005/000249

transmtter; and, b) a sleevgomenber enclosing the
shaft and adapted to isolate the shaft from external
soil friction while allow ng axial novenent of the
spheri cal body and the shaft. 2. The penetroneter as

The|cd&d in claim 1, wherein at |east part of the

surface of the spherical body is provided wth or
formed of a porous material, the spherical body al so

. i Febaitpemptrameter datt inaite nEaswaygeniofeeftcol grépartiéd, incduding:

C,%gmgﬁhgﬁtg%ﬁ@@get Elv%ﬁ%tohgyg cf Bﬁ.@n%aﬁ;??e{: F%%gingnof substantially

Cl alghafer \’i‘ﬁﬁ{e@%rnthﬁﬂ Qhé)‘a'ia‘?x‘i’e?eﬂ"@f B %heh%alpﬁ&i/}} ded RmgRadapted to
circunferential porous ring. 4. The penetroreter as

cl aiassediate) mt}auamnsduwmneaunngh:m prid foroe measiwing sensor and data
measur es, pore water pressure of the soil in contact
wi t AEapFRal %&r%‘&s ring. 5. The penetroneter as clai ned

' '1‘)) AW B ndhbdrtBciokinb The ghaifpalﬂl addPRidsbsd1Re tﬁé 'sﬁéﬁ from external
fofce measuring sensor is bi-directional. 6.

penevil Grigicarwhide allaving axichmangmeniof gie aphen@alévpdrx and ths shaft.
5, wherein at |east one flexible sealing nenber
associ ates the sleeve nenber with the spherical body,

. aTRe pbndtRARdteronteclhintod Bl Slafeal iWirdiR b eash Cdfaﬂhessurface of the

the sl eeve nenber with housing of the nodule. The
pmh@tlﬁfdl’mdﬁ i provisedyiticon fmasd bek peToss MABETiN, the spherical body also
(iR 080 58 Ritf e BRRA nk Tof ARE BhofldibAdbrl ffween the porous

pih@téhdlﬂﬁiaf febshir€ Sommdini cat i on to t he pressure
sensor. 8. e penetroneter as clained in either claim
2 or 3, wherein there is provided nore than one

P ARE PR BRTS SRS, Rl 2, RR R RIPRSOF PR iy provided as o
nﬁﬁhﬂnﬁfeteﬁtlalrpoebmrmgm cs nodul e.

. The penetrometer as claimed in claim 3, wherein the pressure sensor measures pore

water pressure of the soil in contact with the porous ring.

. The penetrometer as claimed in any one of the claims 1 to 4, wherein the axial force

measuring sensor is bi-directional.

. The penetrometer as claimed in any one of the claims 1 to 5, wherein at least one

flexible sealing member associates the sleeve member with the spherical body, and at
least one flexible sealing member associates the sleeve member with housing of the

module.

. The penetrometer as claimed in either claim 2 or 3, wherein the pressure sensor is

located within the module and the shaft includes at least one passage providing fluid

communication to the pressure sensor.



10. The penetronmeter as clainmed in claim9, wherein
the penetroneter is interchangeabl e between different

w0 2em90i2 el ect roni cs nodul es. 11. The penetr oOPEL/AD2MS/000249
claimed in claim6, wherein the at |east one flexible
sealing nenber is at |east oné o-ring. 12. The
penetroneter as clainmed in any one of the clains 2 to
11, wherein the spherical body is constructed fromtwo

8. héhd ppislometar dsorlpigeedt lnafclthpbgétme?r ofj3f Whersim ghege i prayiided more

one passage. 13 A : enetronmeter for in situ
r@ggﬁ?%ﬁgg%geoﬁa&g?qpascla‘Jlﬂ}}Ppr operties, including: a) a
spherical body attached to the end of a shaft, the
shaft being of substantially smaller dianeter than the ]
9. dTmpanstrometer ge clajned incany Bishf thnelales hée Sdwpeisin the module is an
assqci t th a nodul e containing an axial force
n%gészﬁornl?ctﬁgm\éaélrléor and data transmtter; and, b) at
| east part of the surface of the spherical body
provided with or forned of a porous ymaterial, the
s

Brrepenstipmistsa ps silaiged i clamny vehereia die PeRmrgmpigrigdnterchangeable
pt§?\Weéi{@%exfegig&'eybﬁelg%ﬂfwxﬁé‘&dlé’s“ bet ween the porous

mat erial - an pressure sensor. 14. The penetroneter

as claimed in claim13, including a sleeve nenber

encl osing the shaft and adapted to |sqlate_ the sh

{ t. .

11 Fipenctiomeigr aorlampeq & i i vaersin 8 Al leskt qne Hoxivte sealing

NBYSEENL aPfeadiRfe DRSS i cal body and the shaft. 15. The

penetronmeter as claitred in either claim13 or 14,

wherein the porous material is provided as a

circunferential paqroys ring.16.. The pengtraomneter as .
12:T54 BRITPRSiS s GmSH 1o (8Y Ongioihe Slalips 50 LinSsTen s spherical

p&ﬁ?ﬁ_ Y ESnsBBPRA IR 258 heRiPREScaBb§ibs Maf fobeiter @Efitd e at least one

sol 1n contact wth the porous ring. 17.” The

peassdgeonet er as clained in any one of the clains 13 to

16, wherein the axial force measuring sensor is

bi -directional. 18. The penetroneter as clained in
13CA ®allpdflstrofit@érfon irfditd Bdsshreitdt bf $ofi ¥iPpropaties) ndMRATRL!

associ ates the sleeve menber with the spherical body,

anr}l azphericed thodpeatfacksd 19 thesend q)fhg shaft, the shaft being of substantially

smaller diameter than the diameter of the spherical body and being adapted to

10

associate with a module containing an axial force measuring sensor and data
transmitter; and,

b) at least part of the surface of the spherical body provided with or formed of a
porous material, the spherical body also including at least one passage providing for

fluid communication between the porous material and a pressure sensor.

14. The penetrometer as claimed in claim 13, including a sleeve member enclosing the
shaft and adapted to isolate the shaft from external soil friction while allowing axial

movement of the spherical body and the shaft.

15. The penetrometer as claimed in either claim 13 or 14, wherein the porous material is

provided as a circumferential porous ring.
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menber associ ates the sleeve nenber wth housing of
the nodule. 19. The penetroneter as clainmed in any one
w@booskeooel ai ns 13 to 18, wherein the pressure BENATR005800249
| ocated within the nodul e angyt he shaft includes at
| east one passage providing uid communi cation to the
pressure sensor. 20. The penetroneter as clained in
one of the clains 13 to 19, wherei the

16. ﬁb@\nea@tpm%%a% Faimeshis Faeeasy BF FIaTgSd 3 Bk aniprein fhe pressure
P Rpp FOFE TR vt pEe BT thd b °gﬂ‘§8‘?“‘¥‘£‘% R i ting

22 The penetroneter as cl ai ned | n cI aim 21, V\her ein
the penetroneter is i nterchan e1 \gﬁgnlg fer&g 1f
17. tTws@@n@ton@te&Sr%ﬁp@é HIBY PE%O é r 3 axial force
erein the at I east one flexible
se%rk% gr‘?\{:is léb?&é&%thomést one o-ring. 24. The

penetroneter as cl a| med in any one of the clainms 13 to

Y LR B M A R -

Q0L PRZSAY SteeFPmeMbEE rtﬁ@?ﬁ}%hcﬁlqod'ynalﬁ htUeast one flexible sealing
neasurenent of soft soil properties, "including: a) an

ehdrhis ebsbaiatdsdbiy slatveanhmeberwith heusingiofthe mosihlet t | t he

shaft being of substantially smaller dianeter than t he

di aneter of the ellipsoidal body and bei ng adapted

19. tﬂx%gfe Qi Sth&tehd Blaﬁné@ﬂyt:?y SN LIHRI MmN 32861 B, vfflibwiﬁ the pressure
ring sensor and data transmtter; and,

b)
sbmves rocdied veitlih ok igodide aidathe shaft daelpdesdat %FaSt one passage
|soI shaft. f ext er nal friction while
:HI?Y)‘ éf“é‘% ﬁ%‘ﬂ PESSRME] ?ISBIéOI dal body and

the shaft. 26. A penetroneter for in S|tu measur enment

of soft soil properties, includi ng an_el li psm dal
20,58y penetramistsd asocleimedeindamy oge sHahe | thlﬁ’é Lhig (9 athsgein there is

tmgvng,aft antﬁlhalépx%ﬁﬁsya%e%'ra%'g?%%tdg gp?:g Ege" di aneter of

21. The penetrometer as claimed in any one of the claims 13 to 20, wherein the module is

an electronics module.

22. The penetrometer as claimed in claim 21, wherein the penetrometer is interchangeable

between different types of electronics modules.

23. The penetrometer as claimed in claim 18, wherein the at least one flexible sealing

member is at least one o-ring.

24. The penetrometer as claimed in any one of the claims 13 to 23, wherein the spherical
body is constructed from two hemispherical bodies that together define the at least one

passage.

25. A penetrometer for in situ measurement of soft soil properties, including:
a) an ellipsoidal body attached to the end of a shaft, the shaft being of substantially
smaller diameter than the diameter of the ellipsoidal body and being adapted to
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associate wth a nodul e containing an axial force
measuring sensor and data transmtter; and, b) at

woeasnopart of the surface of the ellipsoidal POOXU2005/000249

26.

27.

28.

provided with or forned of a;porous material, the
el i psoidal body also including at | east one passage
providing for fluid conmuni cati on between the porous
material and a pressure sensor. 27. net hod of in

Si taFsoRIRI8 W Rldn Progples 6Putaisyg ap -y 1oress TRdFHIpE, syiser and data
penel I qr,?éregm the ball penetronmeter including a

spherica boél)’/ attached to an end of a shaft, the

shad slebe membér awhsingnthe ahify asdatiped th moletecthetshafh ftdne external

di anet er _of the heri cal body and. pei a ted t

s <todl (e EonPPHE ARG GHavemenhef ¢ ae&%sgﬁﬁﬁw@n%i the shaft.
nmeasuring sensor and data transmtter, and a sl eeve

nmenber encl osing the shaft, the method including the

2 gamstrofnetea forfimsith mgasurembnt! df spfseil poopettess, inoluding:

R o ol Gy aBROIEHAp 55 B of e e Al 1R Of Flptantislly

t hesn?a@ftel' dResbterdRdn 115 dldnR& b He L pRAGH rb%ﬁggindi@éiﬁg Bfapted to

are e operating station for processing. _
metdsestiaé with si modnieasentemery anfaxsalf foreomeapropgestiises and data
using a.ball penetroneter, the ball penetroneter
i ndFgTa®pheri cal body attached to an end of a

abf jealthGurBbAfHe R8iBE offthe BIipEGIRAT BdyYpro9Rlc 8Fith or formed of a
?arretegr than the djaarr_eter g?i%t he splﬁigrll)cal body and o
bei pgroms aptethltthe slipscidal kodyi alkp inchding & leashone prssggaproviding
axi al force nmeasuring sensqgr and data.transmtter, an
. ordbfl EnPiRalint SRR M SPoes BB iy R0
provided with or forned of a porous material, the
spherical body also including at |east one passage

v methoidrd in gitl megswremeninefriofiatoilopropertige Biing Bdagdiepgigometer, the

i al d - .
A b irutf BeREERCH REnRAP By HOERTFLS Ul e vt the shan
Beigt dfadudstantidliyl stasltbr atiareten dun that diambier W€ kel sphtgichhbody and

force resisting penetration of the spherical_ body into
briagadepted dol assopiatrowith a mgdulsecoptriming s iy farce fpeasyring sensor

LRE 4 tland RiteP hAG 5168 L theldter BRGNS R sRAH Ghe method including the
steps of:

a) forcing the ball penetrometer to penetrate a soil bed at a known rate;
b) measuring the force resisting penetration of the spherical body into the soil bed;
and,

c¢) transmitting measurement data to a remote operating station for processing.

A method of in situ measurement of soft soil properties using a ball penetrometer, the
ball penetrometer including a spherical body attached to an end of a shaft, the shaft
being of substantially smaller diameter than the diameter of the spherical body and
being adapted to associate with a module containing an axial force measuring sensor
and data transmitter, and at least part of the surface of the spherical body provided with
or formed of a porous material, the spherical body also including at least one passage
providing for fluid communication between the porous material and a pressure sensor,

the method including the steps of:
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and, d) transm tting nmeasurenment data to a renote

operating station for processing. 29. The nethod as
w@b@soed4i n either clains 27 or 28, wherein adeiCT/AU2EE/000249

steps are provided between sjeps (b) and (c) as: bl)

wi t hdrawi ng the ball penetroneter fromthe soil bed at

a known rate; and b2) neasuring the force resisting

rempval of the spherical body from.th Soigrlx bed. 30.
Thelorepadie bl RonGroreicr 1y RoNaKHE 2A0INREALH QD Filgist

B . o] . . .
R b g e
o dineadusingithe boudi waeraprebsmas bf tresqibisegach wathi il pgréusr material;
fluid conmuni cati on between the porous nmaterial and a
pre%@ure sensor, and the nethod includes neasuring the

O Gy g3 A1 Al ecing

clainms 27 to 30, wherein neasurenents are taken as a
function of depth into the il hed.or . of tjnme. 32. .
29, 5hg TSk STiat D BT el o EFE RICHiRHEL 518D gro provided

ISk 8 | penetroneter is deployed from an
g%t&éggt%ue?sgon) é{l]]hép)g{gafl oor. 33. The nethod as clained
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31. The method as claimed in any one of the claims 27 to 30, wherein measurements are

taken as a function of depth into the soil bed or of time.

32. The method as claimed in any one of the claims 27 to 31, wherein the ball

penetrometer is deployed from an apparatus on the seafloor.

33. The method as claimed in claim 32, wherein a connector rod or series of connector
rods are provided to facilitate deployment of the ball penetrometer and progressively

extend penetration into the seabed.

34. The method as claimed in any one of the claims 27 to 33, wherein the measurement

data is transmitted wirelessly from the module to a remotely operated seabed system.

35. The method as claimed in any one of the claims 27 to 34, wherein the ball
penetrometer is deployed via a wireline drillstring and measurement data is transmitted

to the remote operating station via a wired electrical connection.



