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METHOD AND APPARATUS FOR TESTI NG LOAD- BEARI NG CAPACI TY

UTI LI ZING A RING CELL Cross-Reference to Rel ated
wWae\REBI0TABG on The present application clainms theChEs®hHT/088238

of U S. Application Serial No. 60/875,665, filed

Decenber 19, 2006, which is hereby incorporated by

reference herein in its entirety, including any

figures, tables, or drawingsl Field of the Invention

Enbodi ments of the invention relate to a nmethod and

appar at us f avIE{HON ANHA&IE’A&AEU@@ORHBEW&D ty of

concrete 0

of Inve ' S—Oofr—pr e c iused in

t he deep foundation |ndustry because they provi de an

economni cal alt%{nat Ve to. o qer types .of deep

foundati ons. Drrg¥é%u%?§?é—§?%—@§é&é@?@% formed by

exmm/msengap@llcaziohmwimgaﬂe beaurehetes. iAfrp fifieiof 1SN NRABOI875,665,
FUId concrete in

elnforC|n st ee
filed, B BB o b PHOS FHATo RSV G0 Pty oY ASSTSTGry o ety
includs® @l fidiided, ltdvng, &d dthhsgs casements or the |ike. Wen
the concrete hardens, a structural pier suitable for
| oad bearing results. These piers may be several feet

in diameter and 50 feglq @fndMiSidgep. They are
ty cally designed to support axial and tensile

Pedimpyie of Badavenppn gdate ipsy alehpd padi eprawrtusofor testing the load-
bearfglglagﬂa@f‘tfof c%ﬁ@re@%ﬁ:ﬁ{s"ﬂtl ?m?’%?g Q&dfc&ﬁ m the foundations

['di ngs or ot her Structures. A pile can be
considered a rigid or a erX|bIe pile. The purpose of
a pile foundation ig &%H%L@n§§ &u%ﬂd di stribute | oad.
Piles can be insert d by a wide variety
of Dnﬁetdwddﬁs of peksuatc ngien istd mothe Ideeri foedddtion indpPAE thecause they
prowé{(} a\ell”llr cgcgg?x{ncall I ﬂatll(;)/g t?rt&g% tﬁﬁzjs go::f’?c%gh%%a%%&gu&@%ﬂ%dﬂpiers are

typlqallﬁcfermedll b}h eam&amg hotjtlinitddal Gagehbip@sthef ground and then placing

and in any c ion. A wide range of
reindfE PSR R <Rl G s Rn g T Cite by by B Y the
use Sft drilbhig)Nailds, r@mernem@n&s 1@t. avkual thelichgtrQé hetdBRY, al @GEral pier
| es_of pile types include wood, stee

uct ur

Suﬁagf cger iord g%armé redbst Tesnerst ré%‘?q wyerabiegt i0baqier- e 20 deet or
mor&&@ﬁ r @ﬁe@f AR fyBRallyAd SRnkNRWIpR%: RO Gl ©AdiI€omBMEET SBRK.

pile or drilled shafts. ugercast piles are a common

f oPI%ﬁSoﬁsublé% Bldpicresl ¢ancigk ére genholly avecatpgormitse druntitads of
buildifds@r LRgr &E&Uﬁ&cﬁ% LS LA BAGHEHe &y Eaﬂ& eghgx iBL pile. The

pressure-injected cenmentatious grout at *‘he bott om
purpasgdof & piladoundatiamaisetoatransigylang disyritiuted oiad.al Pikeelcamme Gfiserted or

consBL QYU by B wide variety of methods, including, but not limited to, impact driving,

jacking, or other pushing, pressure (as in augercast piles) or impact injection, and poured in
place, with and without various types of reinforcement, and in any combination. A wide
range of pile types can be used depending on the soil type and structural requirements of a
building or other large structure. Examples of pile types include wood, steel pipe piles
precast concrete piles, and cast-in-place concrete piles, also known as bored piles, augercast
piles, or drilled shafts. Augercast piles are a common form of bored piles in which a hollow
auger is drilled into the ground and then retracted with the aid of pressure-injected
cementatious grout at the bottom end, so as to leave a roughly cylindrical column of grout in

the ground, into which any required steel reinforcement is lowered. When the grout sets, the
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the ground, into which any required stee
reinforcenent is | owered. When the grout sets, thepile
WO g008onpBet e. Piles nay be parallel sided or tBEEUSI7/088238
Steel pipe piles can be driven into the ground. The
steel pipe piles can then be filled with concrete or
left unfilled. Precast concrete piles can be driven
into the ground. Oten, the precast concrete is
prestressed to withstand driving and handling
pile $st<roe$$e®:s Piagthay e prdlesidanar t&ﬁ&ecpi $tes lp@;ﬁ"bli@@ czfrplﬁer@d/en into
as ts of concrete cast i he i pes th
the %rﬁkl/ned S ST RS, plgeﬁt%n {8 bﬁrfgﬁzﬁd‘m 8?n°f“3|’iee01b f‘e‘&lﬁblF‘ii edrecast
conc®ets padst cag ar cb‘B/ebOﬁtGdhd ploand. hefgh oo greand cbhefe f 151 inleﬁﬂzssed to

£ reinforce and concrete. A casing can
Wit Rl SR 1 PR e b o 6 HIRGeIPRgERiPlFS GomeRrdgpshats

of cdr@fef® @sGASEA sl Bpes TR hRRIREh PilcBSno 8@SEGuRNd MR ISR mpiles,
and augercast, can be considered non-di spl acenent

a shafit o | be Rowfl ipie B cewupd @pd g fillsdrvidh romospapenndogatiete. A
casi@Scad R @kerRl iRIhEsAAD AR FNiR winpath p(ﬁ@% RYmCAPACH tMe. The
that is conventionally characterlzeg y conponents of
bored pdesperard #yl Ypgisey. aaf dugsiae, dradeicaesidal oh-diglagement piles.
f upctiignq céftrut?tlﬁfam fgﬁdd%dnoge&l&ﬁ)such Ia? %S@eragtp %llheﬂasagn El}lgigl load
top end of the elenent are transm t
bear@g@élwalw ghapfs qoheensibratiyrvharaeterized bb'rc@mkpond:n@mfcmdtbhamg (qv) and
[ Cicty f th
s SLETRC i 1SR, B35 08 SORACHDY By SRS el ot o
elemdetrmmmarxsmltmdrt@ﬂmugieﬁvakﬁt dfitlse elmém dhdy thé Botdjnaﬁﬁheé e@bnt. The
ens OB P ATBR, IR R BRI S er, an

will derted be atumeu@us: Gjoaed inyludisg shendasetteofahe tige@muibe @mposition

IR LA AT T -

mea@%@f&h@im@ht of Toadl &pRPIE S BInTBUTRS Biihe fsﬁlﬁtfﬁétﬁm de@éﬂ)ﬁé@b@@\/een
ion of the foundation el enent and the

OSI
the S&g Fféﬂﬂ F B NgeTHETS] ok dependhen skt faciuhi dvluvie the

comb’@ﬁl\()n%'iﬁ& foenatibn R t}-lléhgeo%mrﬁlf fohhﬁngﬁ]éj51Q@ af t'hQ glement
and side bearing capacities ?enera y represents t

whichgpay| vapogidh fenath (demhbd hs sip of thednpyearing asfl eide hearing capamues
geneWIl RO L sefis NKd ﬂQaIQ5adsl!hh‘rpcf%§g>% 'S MUH%E bgodgé gle %S\glthout sinking or

deStructive novenents for a finis ul
slipppgd. ajshapeld covre degntet novemealstthiou §hishead husldn.ig@r bxadgeatop the
founliRioknow t he maxi mum end bearing and side bearing for a
particular pier or driven pile, it is difficult to
mekkhozak ht weksibénenk®wihe maihingrendégnée afd side bearing for a

. fi I t
o SRR O OGP LR SRR

confldead. beardatign a@paciiig piﬁ'lctph:s acdoaumtdaﬂqumﬁicermemy £3$RBo end
at. the end

on | aneter and e the er
eearfff aj B G el eafh ek 8 e BT Shiss Spagior tepo
the ghorsatred yt haeddsf thselbhen aﬁd/ posald ydaprl bee h@okNa safety factor

cal cul ated e bearin de bearing capacities.
is th%@@@ﬁ@%ﬁ@il Hftaéli*ﬁ‘owéwgaﬁ%cp é SHng gndh i htritcofapagides. These

safeth TEQGs rhb'dTbEdse@fto Rk F Bt RES ntifBdr BBY¥nknown factors that may
adversely affect side bearing and end bearing, including geomaterial stress states and
properties, borehole roughness generated by the drilling process, geomaterial degradation at
the borehole-shaft interface during drilling, length of time the borehole remains open prior to

the placement of concrete, residual effects of drilling fluids, borehole wall stresses produced
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adversely affect side bearing and end beari ng,
i ncl udi ng geomaterial stress states and properties,
wherekoliiaes r oughness generated by the drilling PCDUSXS7/088238
geomat eri al degradation at the borehol e-shaft
interface during drilling, length of tinme the borehole
remai ns open prior to the placenent of concrete,
residual effects of drilling3fluids, borehole wall
stresses producedby concrete placenent, and ot her
by condrstt: rpwatman ardl cﬁlﬁe@doxﬁ&h&ldm&ela’r_e@rde@iqﬁnp&ﬁaxaﬂnble| 1$ is common to

%o agg&r % a gty factor of 2 to the sid

appl%é‘afﬁ‘ eWg aglgr 0f EdteETBY Shat fﬁ%%%@ﬁﬁﬁhwwm gt @gpted to

be boeld® sR@reiddy Iskdwisel b katty @ibtorldroaWhiS, ap@h&ﬁﬂcoqrié’ calculated end
factor  of is often applied to the cal cul ated end

CarB’éa‘iaP?’thyc%‘? seiingythe fapgorts denignimecriagiisy anchetherssilgad Resistance
FactdNOR§i b IR IS isaMdalRERAYS andkR@dmBesH %ts&inﬁ)ede’s:i%ﬁt gfe and efﬁc1ent
De5|g§i LRFD) is an alternative analysis netho
strugtgraly n@ﬁl@@&fbé BRPRRFg lesdt anst resistangeafactoruharad mntshe bgnown
vanMﬁ@?%P%ﬁ@&&Hﬁd%QQQnﬁagd5$>lﬁéfnce factors based on the
known variability of app oads and materi al
pr dpepici @ safetpHactpiseordfRISAfagtoys. lilatugh ydideuslyREDunting for many
£ C ntin for
o e AP Bl L SRR I P AR PGB i e
fourdnigbndelementy bingi mgignaf tan loes vitsitien tauak: fouodativeive. To
n [ ned safe | pad cap that are
SR USRS g A N G R e S
safe]yasmgpqsr; ade@peral lmddﬁlﬂﬁecmﬁlﬂyahﬁmEHgSthb Rie, @F@rt and expense of
condd€SE é Ho saﬂg é support a structural |oad,
unn g@ 5@ iy {Purddiclasing the time, effort and expense

of Acanattiall @dlutﬂgl & hatlbdealnewh au BBkl Abass R dAdbbidg capacity
tlon 5 been known to directly neasure the
and i 5030 i SRR § i nS R P YOG Rect a production it by
umngbhd&ﬁﬂnghﬁﬁhmpler Th|s is typically acconplished at
Broductlon site i ng one or nore test piles.
Cs

seergg (B, Bt Pgt A Ao 61\4@1 1044 6% 27614940 dgclgses 7epaggly)-plate bellows
placéli HGhOBRSNAMAE HMaki®erddd AL ShchEL {319?’\@ g@h@&e(#hé BeltoB€ are epdressured

bottom of the shaft before a concrete pier Is pour
up witheluixbpanosnientes (hrougls bipiad coprislivtit the med Somrimios &t dtermined

by lﬁJAELQH@}h@v%% cﬁ%%élﬂéntv&fttﬂ]e {3/1'319 d%kr% pogi %lto (hreI r%ct)vle(r)nrnl: . !5 the

det er m ned suring the {°EE acenent
upm#H@H@W%pk@ﬁamWEQQQMUMn@p®QMKh31ﬁm%@ﬁewt dﬁmmhg:upweémng is

detelgrﬁt}%cpég 1&' %%% p?‘ec‘ssﬁe ggl %get atg? I,<]iown o Zl}slgvre?mehtn E)g lower bellows
pmwneasumamgbpmee@wﬁmaa@aknsﬁﬁkh&ndmgmM@kdhanﬂﬂﬁeﬂﬁm@&theﬂum

at e i ndi cat ed b od affixed
vivey e PR RS REaR LG cie SR R oo Difchowuray ten
be abdinalbﬁiedpbrpél edJpih corpl gbuQAndfin tthe jkeachst 8Stomdshi@ essence an
depr.essuri zed. The bell ows may then be
exw%%gﬁgmﬁgaw8}n§ Fﬁﬁémﬁnth cenent grout, and in the
| alnt @At &8 ehdRGOAMSidnTheESHRBCRI 3BvEeXEeMS el &l BRr and may

| ower end of the pier
thereby compromise the integrity of the shaft. In practice, a drilled shaft employing the

"Osterberg cell” is often abandoned after testing in favor of nearby shafts that do not contain
a non-functioning testing cell at their base. Because it is wasteful in terms of time, materials,
effort and money to abandon a formed shaft merely because it was used for testing, there
remains a need for a testing cell that causes less interference with use of the shaft after

testing.
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In that case, the non-functioning testing cell serves

as the base of the pier and nay thereby conprom se the
wo paosgritsey of the shaft. In practice, a drill epCwHOsfon7/088238

enpl oying the "Osterberg cell" is often abandoned

after testing in favor of nearby shafts that do not

contain a non-functioning testing cell at their base.

Because it is wasteful in tet¢ns of tine, materials,

effort and noney to abandon a formed shaft nerely

because it was used for BresSumngart here remai ns a need

fo esting cell that causes | ess |nterference W th

ubrBrSERAS SRR P e RS e d6 Bt PR and et for

testlﬁgwb@dbdamtaﬁngaéapta&l@ T @S MindrOYRARL bothafd, eitidiineatid, &oannular
met hod for testln the | oad bearin

appar atus a
103dé§‘6 anPWﬂB?n%ﬁ@g% FIVRRITO8 87 PRy Idegp aghaa?ttl% andpgthpg fo gesang the

loadleRghg @badRitlodé or Jeadhiks dr-shiabadi féﬁme&h@fntérﬁ@ence with using
i nvention can provide an apparatus and nethod for

the Qne of MREF Rilse oF 82001 U8 ieAgscapaci ty of one or nore
pi hiee?‘ spe@fﬁc%%%&ﬁlcn{ Iaﬁtanﬁﬁg%gﬁrﬂbﬁkecdnmeetfsgf nelg}gguc%ﬁ 1les (e.g.,

using the one or nore piles, or shafts, ¥ter
piley yred as p Eginflationeotinerais., Thin aralﬁmu pgemblyge nfmaple@érbelbe used in

procf%ioun dﬂlﬂzs BES %,ch'cgﬁl bRiih& 1§sgfe$r malfhd ed"ﬁ@cgaz%slaconcrete and/or

atiron of a structu he annul ar ass
growtéqmb@l grogkh Beiapgmbsedhiln unﬂ@x@ud}trina thepiaktey dﬁd@@mbe i t

g’/ %ﬁﬁ%%ﬁﬁ{?@%? %Iuy S%yon?%y gla gﬁk %jjec?rrfrg %}ls ¢ \N\_';% H? nc%cri iy most or

e ass
all, mbmeon }illlﬂSJ i gesuhé hﬂiﬁtthﬂ@mbbdmhetsphé albj dcnrlmﬂcell can be placed in

one re 1 adcar %CO Strucm ¢’ f ft %sléle(:t b t
8 linP RUSH A HeCBIrdRBE T I B £1 MG Rijep @ eﬁl’t gt “o‘i’flepqn? gdiment,
at lehdt 10®SIf rﬂ&nk@)brodmnf)m pildienn aimeatign@ng. sin dﬂhﬁ eﬁlbgdhﬁﬁﬁts rdt e@st 50%,
can o ne or npore S an can rennin
st 1ef S et arna WP 7T B8 DT e e TGS il

enbadbi@nbavirat rideadl ch%eafesichal RiQdaclowen rRidres s‘éﬁ@ or an
have ring cells. In other enbodinents, at |east 50%

incregeed RSN oROLIRE) dgstuso d,pilse baippotsist arhibe piletiacke wed. By

testid b&S e@ﬁ&ehﬁh‘rﬂaef bﬂgﬂé?sekrl;cﬁa lathe pRtd e n@\ﬂhengués B %eGREd, Svhen
can be desig u5|n%’ | ower Factor of ety, or an

many |9¢ F@a%léamc@@r)@fea%@ fragtor! thRmbjechepaedls, & Beeajst Fegidence of
the RBH n&aﬁ@gﬂ:%c@f %f ttﬂte gpdubeﬁ f)fl)esb% Hs\gtgﬂe BYn t’ogsgc!hﬁg?cﬁqu one

a | arge nunber” of arge percentage o
embpﬁhmést thoRbecanded.o. &Iv@ﬂthn«awyoqdfmqrh the®H em lieft®r por at e

co n? 9111 %B&ﬁm?}; rﬁr]gs&gﬂ Gl e ln@& 81%1[ed5\&/1t}9a Q:r ﬁ%% eﬂercentage of a

I dence o earln a acity
plurdfty pf pigs tlaas wall Wwhoded tc auppbe adoddl dy edpechﬁn @mlmdendm,oht ﬂmsttSO%,

inot her _enbodi ment,
at 16651230& atcleehst g%oa Ig rr:rltlelno?t 11tes hncorggﬁa e rlérgnceh% ﬁHE‘Eﬁ' 1’6(&}}% gxa ring
lwrbhdaad@rdt thitrcapes certnage th)ef p@espllu raashaémf;ic @ﬁlb@ddneﬁt thadbad is
ort ln a.s

equay%%rcﬁr%%t }?agléb ollogig)?pe%tﬁ@/ 0 occur durmg the in ereu?ed use of the pile. In this

way, a portion, if not all of the expected settling of the pile can be accomplished during
testing.

In an embodiment, the ring cells can be inexpensively manufactured because the
pieces can be made of stamped material or preformed or pre-cast material. Advantageously,
in embodiments, the ring cell walls can be made by stamping material because of its curved
shape. In particular, a curved shape ring cell can allow for stamping pieces out instead of

welding and machining because the tolerances are not as tight.
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at least 80% at least 90% and all of the piles

incorporate ring cells. During testing, the ring cells
w@e@sita3@ | oad that causes settling of the piPE&FUSINT7/EB8238

speci fic enbodinent, the load is equal to or greater

than the | oad expected to occur during the intended

use of the pile. In this way, a portion, if not all of

t he expected settling of thed pile can be acconplished

during testing. In an enbodinment, the ring cells can

beFWﬁ@ponghwehymnam&bﬁdtmmgde%smawsedbhaiﬁkeeﬂan¢anmhdq
For k@?atngﬁge %fn 3‘%?21% gld éngﬁrté)ﬁrra e stamg rﬁg 9 nllT%g %Elﬁtp rri,ateﬁléIs Ehat can
withetedd hlg]abtessucfan;ubie asnhugh stogngﬂ’t o, Blg:l/dil’atﬁlelﬁdra)lr firecatsebrafes or
bladdts curved shape. In particular, a curved shape ring

el'l can allow for stanpin i eces out instead of
nmprng p
Welt dhaulyl Bnebtethbhi dhhgirhetadfIRe §ubRct @b &ftidh CasbatiRd Rath one or

as tight. Furt he. conponents of the ring cells
mor el Ya o PP bt PR TR oo P TGS S gt Planmlar
asselablﬁdsl’ig aG@)IrdianﬁéiﬁJlthl"(ﬁ@ ifRefitainecai tRNRE S heRkIcNRlcAdhaft and can be
| er. materi that can w thstand high Pressures such

locafgé awaaﬁussmnéﬁ P’ﬁg e staft Thnehbict iigiien oniopgest o de placed at any
leve VRIS B0@He AfenRUad g€ LG able! WO Bt RPLEH iR tom of t}%ehdnll ed

enbodi ments of the subject invention can be used
shaligeilpr isHE g peedetgheined dawtion sr dpihotiad se salptadrso that the test
doesRiok {%auce the @(qgéetténgp of PBEHH orrﬂfeeArsb&gﬁ& gllqlb(?dnggnt%@% ifention
assenblies in accordance wth the 1nvention ca
incofpg@grsi 4 ansilagload piestimgs ﬁﬁatﬁmbla,n thebaimgber Iﬁd)l@lam@cﬂerat capable of
| n
kB OUSBLS, SLATR Ll ol PR A
for cgpleptg the fibler saieriablae, inwnicyhnctmaﬂl *dalbeaxang on m&arsuﬂfdae that is
. I af t ile. i call
AL AP ARBTALL AN 9L P oy RSBl By
self-gchlatg e uhdes Ppredoes tonofeptiredircant héthvatp atlenagedd, thheparation
ecifj nbodi nent. of the invention
rone g3 abss an R o B NPT g dsBEmB] yRbotment & el
seahhg]highdjrdﬁ;gure alufid bérﬁbe U&Hﬁﬁucmthzﬁ&l@@ﬂhﬂ Rhls Winl h&kandigRofiuid is

S ,_an outer. cylindrical wall having an
pustith iy BT e ST b UnFUioTe srae gLt sl
load ftdshhg,eﬁssél‘ﬂlﬁl?rﬂné’ﬂhdmg‘lnaﬂ SRE@TpeGittleten dylincied hatd gl aﬂqé\}fér%llalan inner
er surface that is lubricated for contactin

wall g0 3P all G 4 OPRRI] PO afloAeinpR feaniSE esnder ﬁéls;lg within
the §1Rér SeHPRI Hinders @l Ela@@e@lﬂo@@ioﬂédubgwb’&p%rtop rﬁ?ﬁyer Sf % Fhner

separatlon zone within th ler materi a

peringgdi £y Biedep Ank v hetpr ovifte ot By @p w@m@f éh@eO%@tliWemntet hginder; and
J 1'13 AL Ly

one or'r rsegl | ngersél:q ?%LS f%l?sél Slzfﬁg(ﬁuf %geﬁlsae 3@01@& glﬁb?%m%nt, a

Sdf$$kﬁ§ﬂmﬁﬁmﬁﬁaﬁgiany | eaks as the f|UId is pushed into
l)e?%thel OB %hﬁrof?ﬂgog én?gﬁrﬂttheo g %t h?wl 5 aennetm H‘E ad testing

e 1s prov an annu ng ass
assemlvia,l udludgie: anfibert eratepiel icambler OthﬂhBtGhﬁhné’l&nggreaﬂ'lhr@uztrﬁbuter

perirxlf@érlc’ylir?cﬂar ithrl%é an outer wall, an inner wall, a top wall, and an optional bottom
wall, where an inner surface of the outer perimeter cylinder contacts the filler material; and
one or more fluid access lines for supplying fluid to a separation zone between the filler
material and the inner surface of the top wall portion of the outer perimeter cylinder, the
separation zone including a membrane in contact with the filler material. In another

embodiment of the invention there is provided a method of providing piles for a structure, the
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wal |, and a top wall and an optional bottomwall; an

i nner perineter cylinder fitting within the outer
w@eosnetias cylinder; a bl adder positioned bet we@€nus200T83238

surface of the inner perinmeter cylinder and a bottom

surface of the top wall of the outer perineter

cylinder; and one or nore fluid access lines for

supplying fluid to the bladder. In a specific

enbodi nent, a self-sealing fluid can be used. In yet
mett@at dﬁdﬁﬁ?ﬁn@ nmdir@,fem arofulak Iaaeinwemtd oI, off MefeecdnStrRitioN ipdeﬁthus

| oad testin

e PR S Bt BT WA OB SRR Pl red Cigraatcgh below the

pile OAHIES]Iq¥AIbYETRKS @30l DEESs ah@ ¥iksngks ARt @fing@ddd tesBRg with grout
inner wall, a top wall, and an optional bottom %

and/Qieapeetan i nner surface of the outer perineter cyllnder
comtyach®itchembbdilm@ht d'fﬁﬁeeﬂh{/éﬂtlon &H&e NS0 licd B Snnfulabidd testing
access_|lines for sup g f|UI to a separation zone
asseigply Wi dinge & .ﬁllp@rrnaﬁeé{a cilatblea ) vifielandine gy preagiciofs outer
perlrﬁa@r QR | 1R tHa@f g Ofn Elli’tgr QU160 AR MRLET . &Y {ivgﬁleﬁn inner
the separation zone including a menbrane I'n contact
perimpgteri-thapeds gylinggr hewng pi avter wall an opse wab phd dibattam wefl, vhase an
mnell s‘ﬂl}’@&tdf@% (Mi]&r\?@a 1' of t}&r&l\(ér% ﬂ"%ﬁlﬁ&’&‘ 08 2B Q¥ ogfepg rface of the
piles for a structure thod I nclu |ng i’nsert i n
outeianalaniibk ameasgenditnycylindeo amhal omenwirfaccaibt et wahof the outer
S n \ .
]xné%%ﬂ ﬂﬁ@#ﬁ?”ﬁgss of a?ﬁgonr%Hgg%gqﬁﬁmﬁatéﬁﬁgﬁh%%P%ﬂfmnmwr
u-shqplaeé cplidder; anande bombawidd bycefd lides rigr smppl@fngczr @tksal@madluid to a

sur es testin t and/ or
sersglr BE e T Yo BhBEREN S GHTHERE 7Br° TRETEWehpicairane in
cmmkhenbﬂwsnmfmmwded an annul ar | oad testing assenbly,
Iud filler material capable of w thstanding
i GBS P St i S HEE O P SHpBaTEy Pl i he pils
for d‘laﬁﬁhdﬂge athe Ot @6d Wadlhding@NndeRDRT aM@hhulardads@RblWahio, orﬁzn or more
I nner perinmeter u-shaped cylinder having an oute

cons{rpgtion PHRS R dRerhsing é%r?dload WEI%F%FIFY a‘%H@r Sélf%ilﬁssl Hribe load-

bearigblhfage@l Bflok g S eindWalidw byt REnOWiRS: RIE BBY Bbsures formed
cylinder contacts the outer surface of the outer wal

duringflogdrgsting path gheft paEeeonegici nder and an i nner surface
of ;1 thg Benﬁ}ﬁ%rs%hlthﬁfbogmtﬁte Z&r&%gdl’jrrl%) ggﬂe%?tdggc 1gt1(§1h9rgﬁ‘&te following

cylinder contacts the o ce of I nner wa
detaifsfl degreipiigmelr thp ereseng inventipngha path iy pndlerplanatedy anlero mtended

to pr%%?efalft%léfl er@ﬁﬁﬁ)ﬁ%f len W%%n&&rag%#ﬂmrgw ing a self-sealing

separation zone en the filler
material. The separation zone may include a nenbrane

in contact with Endﬁ&mm~§mno er{al . |n another
enbodi ment of the—rnven@%onﬂfimQngég%rovided a met hod
OfFlgm@V itdi- Ry sipivt @sectional iest andet figenentahesarBéda0diew of a specific
ertln an annul ar assenbly into one or
emb%%?%% %ﬁ@?#ﬁ@i“@ﬁ“ﬁ§1e5 thus increasing the | oad-
begipirg 2apacidoy andénalstichf fesspadific RebbaadResr ifpresent
invention,
Figures 3A-3C show a sectional view of a specific embodiment of the present
invention.
Figures 4A-4C show a sectional view of a specific embodiment of the present

invention.
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material below the pile ; and followed by filling
m nor cracks and fissures fornmed during |load testing
wowRaR/ogneat and/ or concrete. It is to be underBCDUS007/088238
that both the foregoing general description and the
foll ow ng detail ed description of the present
i nvention are exenplary and explanatory and are
i ntended to provide further &xplanation of the
invention as clainmed. Brief Description of the
Dr BigungSSA-5Guhes at AmbBdisieov fahs edfjéco nakntidnewitardpat to a bore
fragnmentary sectional view of a specific enbodi nent of
“t he present invention. Figures 2A-2C show a secti onal
Vi Bigueds 6a-6Q ekt esbenbadi omatyief crbiiscfrsienta.
in enti,P . _Figures 3A-3C show. a sectional  vi ew of a
E‘(gf‘f‘?' cq@ g W’E?ﬁhmﬁ‘f‘t 1P‘H’ép°§?tg’§é‘rﬁnglcﬁ ShingrPleR; gur es
4ARé|f€reﬁ&OWﬁlHn@\GQ>% |9l in \deQW t0fih@peReeh fhbo@iRadi JFBAL present
resent i.nventi on. Fldgur es 5A-5C show an

of
mve’étf%&?‘ PiEs of WHE atspj Bistatsdh e ibs apropIprRy R sracngs: OV herever
possibRY, hch@hR. refek GldE 88mbBAs 61 HB A LTRARZLIR LS dQTvidRTY HE: o the

cross-sectional area. Figure 7 shows an embodinent
Samg %é@?ﬁ%ﬁsatl ng aring cell within a pile. Reference

will now be nmade in detail to the preferred

enbodi ments of the present invention, exanples of

whi ch are il ustlesiled Disglosire ohthedmysanyi ng dr awi ngs

VWh I f r

us g FreRERE U Frah Py AE SEURLERCE PLTBRLR s o o
testig the 1Cp1érhesrlnmn3auilyed obk 9T tn@Suplésmr Shiuﬁs knlvand b oing, or annular

o SRS 0 R B DL PO A e

load @aapa@ctayaccr& of mec or mrm:r}ﬁlemidr e;haftso endsthafeh®s thet debirabiltg ofl using
a | oad i nts of the
one i O, Snd R 3k 1OROaf S piFas BEb AT R Phdt gntion can be
usedtvéigita pilg chhén plaacbrideidled figfigapaci ty of one or nore
afts, and jncreases the desirability of

us]:anéh%fH%‘ 6’? © HEPRT Brep g cprBe Bipd b Prduciion mil 6%@(& inpgs used as

a foupidhtes. ofEnbadiui® Nt ThethntiRCaskdMENL] OipabiRNDf Q@m%%@gi W $BdRtion
ile cast {n place or drilled shaft pile.

piles Peraupe i cap be tlﬁép%lﬁlﬁﬂv Apangeeiarag apd @B%Wf‘:)‘éone@éf‘daﬁd@f grout to pass
thro@h‘ﬂ@%%nﬂﬂy, RIHiB$n piBecddurindl ch@fhgWP el S,

In an embodiment, during construction, the subject ring cells can be placed in most, or

hole

all, production piles, if desired. In further embodiments, the subject ring cell can be placed in
one or more piles and can remain in the one or more piles after testing. In one embodiment,
at least 10% of the production piles can have ring cells. In other embodiments, at least 50%,
at least 80%, at least 90%, or 100% of the production piles can have ring cells.

The piles having ring cells can be designed using a lower factor of safety or an
increased resistance factor (RF), because the piles being tested are the piles to be used. In
one embodiment the RF can be 0.6. In another embodiment the RF can be 0.9.In an
embodiment, the ring cells can be made cheaply because the pieces can be made of stamped
material, or alternatively preformed or pre-cast materials. Advantageously, in embodiments,
the ring cell walls can be made by stamping material because of its curved shape. In
particular, a curved shape ring cell can allow for stamping pieces out instead of welding and

machining because the tolerances are not as tight.
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a foundation of a structure). The annul ar assenbly is
capabl e of being used in production piles because it
we2amsh#risdhiexpensi vel y manuf actured and al | ows PORUS®DB088238
and/or grout to pass through the assenbly, while in
pl ace, during casting of the pile. In an enbodi nent,
during construction, the subject ring cells can be
placed in nost, or all, production piles, if desired.
In further enbodi nents, the subject ring cell can be
pl Baddrmhoreohe c@np(meme of)'tHe efgants arbesela@bd{dr Rodt hﬁ‘d SR licity.
fter te
For Biare S insr Y DS UTR D pPF b S e v ST Sl . con
withbtinOkibe Hreesudaciutie it Bigh aired @A gloud @G/ otubb@ as tratdR%ner@branes or
dIeast 90% or 100% of the production piles can have
bladdsriiy celI's. The piles having ring cells can be

deRisghedbdisiha d s@lﬁéalfn@%g&rprékfsuré af1 Rt MayOe RBd tor embodlments
increased r 6[Imstance factor_ (RF), because the

not IB%QTP@&TF&% lg dg; g htshs(glfﬁpe}bélg g @ hﬁé)é@j aS|aﬂhy(§1|‘epé1hc ﬂuld substitute
and %@ﬂgzﬂﬁﬂ‘iﬁﬁheﬁﬁl@al RFIX Qﬁ"ffn@ﬁ Osifers, I%C@@%%er? 7he %ﬁmng ar%ents

RF "can In an eénbodinent, the ring ce

that B’éel’ﬁ’é(t{‘é @R ééﬂﬁ |t<g/ f%@ceauwemws;f@@céscomwmé apaeunf with similar
prop%lmgpcamg S{flldqlll fm Qﬁb%hﬁlg{t[fbaél nYeed y pr ef ormed or

pre-cast nateria Advant ageously, in enbodi nents,

théumpmgbcebkdﬂmﬁbmb@hmaheommd&ﬂbyt&maﬁmmmgnbahﬁﬂwamcmemf
more ﬁ/ easuc%e sh% ts acnéil 1111%%':' ;%edqd‘l?tponpe eI Qr grrﬁ%in%;cle:@{ grcag?gfét%{s%gmblies in
accordamtee\amh mé imvehtibnngin & disddaia hlslihglltgpme;ﬁﬁtl 5@ da@e located at various

,n{ok%rﬁ%%¥sﬁare not as tight.Furthernore, the

POIE 316 &of the ring cells can be selected for cost

angigsicMpl dhoivt Y crds@fec@¥@bPdresm B dinhdh@ o C@E kulj@R ring cell and Figure
B %nco orate, st anped _sheet netal, filler material that

Ftictht Hih OpF 88U e s T e shy i inspierigstin annular-

shap8d QWdr, rirdNIAAranr4BREL sHaped BRI o TRE 8RESHRY 1 Rl AHIGLS, ring 2
It should be noted that a self-sealing high pressure

can lap g dU iy PHSTUS PP Ancditiisdinrrsin snaorll mdvrgp simatiaHgard a top
wallbl @qgﬁrrmg-rh'csanslfé fras ?@A 119 ﬁfolni“ 2dsiR@n op?ne eg ?o%ﬁxgd V1a other

W% draulic fluid substitute and is typically a c
manypeiuigie eelinggygs.\suel pewsldingi nderes rlngZyweraésoaiwdstamped out from a

sheeCOPGRAN | NILAYRNTS &H@J mhrmf%tl]lr'in {%@m&nlg u?: ésowé {ng an, an

| Mpervi ous sea commerci al ¢onpou
embgshiyprer brpided pfh‘htngéaﬁ chebased té prewamt ﬁmldd@hkagmfromshesmgmll. In

furth@r erllllgodﬁgeqw gm ﬁ?%gpgr oqlgel n[ﬁ? rv%ﬁ? %a err'{glng §1 ({gxfg} 6)%21?6 to egf]%{ltsﬂuid

I nvention c¢a ne or nore
leakammp drqm tresingl gllad¥laddenf ,cambe fﬂ)led wothehytiiange cleld SAOFluid fills the

ssenbliies, in ac with the inventi _
e B B BRSO T GnEE T HORR Gt o D8 T e
pressate daarbk (mdﬁnt@@d dtusngaloan@stitpe 18Rad tmbddigeHtea hyNrSMOWEmM® can be
cro s se (g%?of an enbodi nent of the subject ring

used { e

In an alternate embodiment as shown in Figure 2A, the ring cell can incorporate an
outer ring 1 and filler material 6 instead of the inner ring. In a specific embodiment, the filler
material can be a high strength grout (HSG) or elastomeric epoxy material. A rubber or
fabric membrane 7 can be positioned between a top plate of the outer ring 1 and the filler
material to provide a separation zone. Alternatively, a bladder 5 can be used in place of the

membrane 7. One or more hydraulic fluid access lines 8 can provide fluid to the separation
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I B shows a magnified section L of Figure IA The ring
cell shown incorporates an annul arshaped outer ring 1
wapasarriannul ar - shaped i nner ring 2. The out erPCT/OgR087/088238

and the inner ring 2 can have a "u" shaped

cross-section including an outer ring wall, an inner

ring wall, and a top wall. Quter ring 1 can be stanped

out froma sheet of nmetal or9formed via other

manuf act uri ng techni ques, such as welding. Inner ring
zonezhpagh thk s Mee st @n’pettdr ong. Ay omsaredbddy, thofmangirale pakhes against

Wi other cturing techni ques, such as

ﬂmj&%Fg§%8¥i$5hownnl % %@nt brai ded packing 3, 4 can be

ushdanbtmelpcrebceimherftlam BlﬁbWrElﬂlPé?@Ee BAote: ting celil Bgh 1@16&)rboraﬂef&n inner

t or other inperviou

coi i LIy STRRITERS Bue BB Sra P BErF bR SH Lhsegicer v
11 cfm‘ b)ﬂ’mnhdbeafrsteﬁg higﬂﬂ dtrendsh olgekr/Slag@not@hdriabhefrié Waterials known

uI|c ills the bl adder, the
in ths étr aféf%L? taszﬂﬁSF?éld&ﬁ@og [] PEESSYTEui Hm%b)ﬂ}r%défdwﬁ% 19 ad outer
cyhrﬂbﬁd@ﬂi riang seheubs@stHityl fgalRI. eSS iller ﬁﬁf&n@pG@E‘ﬁ OB can be
ur| | oad testing. In one enbodi nent draulic

post %ﬁf) e B%réHeltS%&ieW?f”P 49-d 1 e b‘lmﬁﬁ%kce Pf:lt gRarallel side walls
can l@é ﬁl@ﬁd&@eﬁ%ummhmr ASteSNGM ] s'ﬂdé: 'w@tH rr@du%&i frkhgn FbR9he side

can incorporate an outer rlng
Waﬂ%r%ﬁ @’rl‘il 8ils & bladderSaey the snaprebytyvprara 1upbgy or nferbna qu@émrfel % The top
and S‘d!{%%o?f?dhfs of I ‘?mfg cL:lll €{n Hgasﬁtge{tbcﬂmtﬁlﬁg *?lg Qtihh[h%\q t% u?leige of the
grout (HSG or elastoneric epoxy mater ber
fillerf miypiiiad oraomecarike Filcmntehed ahosd thi @meotelbenmmommoquace of the
f mat er
ﬁnmg%%%?lg(gkggsg%% fbﬁhggﬁ%m &F Fern t veInFOIHEF ggg?ﬁgfmm
accegsdimeh® cus@dvide fipldac eéheokparitenendthangh The t@lef O fitter @aterial 6.
Lh& fluid access . |ines rovide fluid to
As R RS, S RESE i suneana Eop el Bt S e eheVout gie. 30
Cona‘rttﬂ,gnr oﬂ(@r pressls Itcefobmllthajl& e, tdneberiied aNGu GG @ Fen@ghdih At center
£l er material f%ihown Hg Fi gure 2B. |In another
© eﬁ%%%i ht**a8 %ﬁgﬁﬁmﬁﬁ CQURES'3A, the ring cell can
| Near pethat @ntadindanes sikydd ndasuiall thkOridnekiiadin Qdoforate a top
I nner, cylinder wall 10 and outer

platects PRAGH AP IS o aBueridre B Sfule cHingfr wtllsdfigthand top
and RRLWERAEDPI2A$S bE 13:0EncRENL IIARRHAR! bakueh E@ﬁ@'} lst?éngthkg?&w"(‘HSG)

inthe art that are able to withstand t
or elgiiouesigrReY MHAEH Sepaddete aap portion anvd: bmmrpo@m mydembber or

fabriv@l dm blghe C 84 ﬂgﬁi substigntd.ald 'bﬁe Hﬁlr adehethrougx fe! V\g glate ﬁnd upper

materi al 6 such as HSG can S|t|one
pom%@%mk‘é|ma§qrt9éalwa1|nr05th1@bbmor ﬁﬂbrec mrmbnan@wpﬁlatoe @frlmgse)r other

sealspl%rc%h Leb ve luge% }f‘@!:éd%d C@H Qtemo{'éq{)}dga% i€ gluis Ui hesg %aés § cafnrpécﬁs{lde

ler materi a can s de w t'h educe
ﬂumﬂ%éﬁ§ﬂd%ﬂmaﬁm@tQSMEhdwdmfmkaZafbkaﬂ@emn@amfmnheﬁ&pam&na

6. Agglteg%lﬁe]r%@ld Ilﬂlgeg ggnolgﬂ’a{l{ﬁugﬁes aéal rmlineaiggeﬁ Hﬁéerlgﬁslfgg\gla mqjlg 4B.

wi Inhi fnrﬂ&r pinbediguistustshatn @ tigpe SAr fhaciag oéll tdreinfdrbdr@E an outer
perlmn%?r u- sha ec{5 ﬁ\g[on@tslia ? o}}%vélgre%ng%\kee ;IV‘BQ ﬁaéltl lanlnera\bwgl\( ea ttg]pewraill ngn inner
perimeter u- shaped cylinder 2 having an outer wall, an inner wall and a bottom wall, where
the outer perimeter cylinder 1 and the inner perimeter cylinder 2 enclose a filler material 6,
such as high strength grout (HSG) or elastomeric epoxy material separated into a top portion
and a bottom portion not necessarily by a rubber or fabric membrane. A fluid access line 8 or

lines enters the ring cell through the top perimeter u-shaped cylinder and the upper filler



10

15

20

25

30

filler material 6 contacts the pile material bel ow the

ring cell. One or nore hydraulic fluid access lines 8
w@2m8p71%¢ de fluid to the separation zone t hr oRghUs1ve7/088238

top of the filler material 6 . As pressure builds, the

menbr ane pushes against the filler material as shown

in Fig. 3B. Concrete, or other materials to formthe

pile, can be poured throughlbhe opening in the center

of the ring cell for ease of positioning of the ring
mataml Iinto [the aeﬁatmitoh&treaerfﬁ&di;eﬂmnhlhigs flsidoam 1si Msddi @UfLﬁb&AOI‘ fabric

he r n an i,nco Orateat
menb Efnfeomopl adder % weul ié’ﬁ¥\r})\’/ﬁé]’egesfﬁ¥ ﬁﬁ‘l’olt ‘dl%z?ftg@’ts to enter the
sepaclyibh ncharat Wwadshige 1k inhdr @ichptd bylﬁﬂdr hat e I;Mrpécﬁiﬁ%rdl@le olidr u-
ucn_as ni

0 3a encl eafllermate 6,
shargd ¢ Ghaer Gt § Bl T TSPty iR E QO S ey u-shaped
cyhrﬁlexpxaz[lﬁtt@dlhﬁmﬁtﬁe g1t 2RliROMtid 8Bmakehpmghot t om portion by a
E er or fabric nmenbrane. Af|UId access line enters

$i1%5 Tk AnnplRE BTGRP R despndmindbesianef thppeft opbete |h©]ﬁ The

outeloﬁvafﬂ bf thefrinBRER chha@NCalinl 6f & Bee FHRRRF pBLinf APk Gion to a rebar
menbrane separator. O rings or other seals 18 can al so

cagepyenilglering collde ded shadih elhs rSlZﬁmf éheryalis an pe detpinivpddycbe surface
requlréd]fe‘)sap 1yGROp R rO¥E. dEmbbdindnd: thhf{Sp ﬁ&@%ﬁrﬁ/b@%t&)gpﬂa‘[es can have

hrough the top plate 12 of the ‘outer ring an pper
the Ifl‘i“FSI gifachagh erthgsedgion ofgilp pbasithe lcmdlqeﬂsmd/phélemnmnacvfethe pile

belle%§41f%§d @Qﬁ' ﬁ?‘etto}) rﬁgrr‘:_[())'n é)lf fle % (?eﬁll tl@esllaost{a&lmgoﬂmn %fl #e gCﬁld cell

In a further ‘e
are mﬁlﬁgn@@lesblthat arhei tiworspearait @eanel@meelmepé pomrenemams hl&p‘ﬁdle In

this &/X)} thre] qgfftlogr ongMé Q%V?,ﬂ%l? lf'o elgo vl <|)Pt cel1 ! Itt\cl)\gl Fli?é\ﬁ“nﬁ tg%cel

and @mmlpnzwabdtl,on anf thermle ﬂ)ehmzl the emtiaca asba'.)hhgimpvlalrhther\maf Bvd f@iting

pile secfmnﬁ dgf {hﬁrcrgl% 18§%eldl arg?k[x IT itloan tfés:ﬂia%lt egceglls h{eg)gltg%r)w or, for

examqﬂd‘ engt hpigieoolt c{ridS@), iticlelcas thanBx 1i6cHRPaX YonbBlost tddk or other
separated int top rtio andabottomportlon not

o ERES DAY by AOPIDEEIer G e BPR HoBRArEe A PIGFIO inject

conc&‘ﬁd’.} essthéripile ntu@ial, lphN &% riRtcen S RS td PRBuGElhd ;hfe%'é@kl} the ring
the top perjneter. u-shaped cylinder and the u

cell (T AR e G St esiebl thg Fngecllcan be at least

25%5R118axSRBY. 1208 af 1t F 503 itk U8QAecBnRIURRES BE hARAT ¢
menbrane 7 or bl adder 5 woul d’e%otr1 be necesrslagy Cﬁ“pemﬁc

emb?%@efﬁla& shpveigifigire 6Cethe @Pertnlrﬁemstb@aqﬁéﬁr% theafrazeBcan be at least
20% %%&S&Bﬁ—sga%nhlnﬁ@i oiut‘h§ 'ﬁﬂg%@h Wfah‘i‘iga% th\é\" a sa?e off c%%gr%% tp]rough

toward the outer ushaped cyli nder,
the oppieg. (i atsedmbydimpias shewt & Figure h’>B dmtce)emug mpmt 40% of

the c?é/sg—s&gigﬁal\’%| a of &19 rllng:\%l? athd IH% f%lﬁilefl‘ Sgc%}r:r% (];clé % eaﬁ esﬁawn in

~escaping he annul ar. as
Figugrp At He @pmeg csfat tehe GQ%afftthGO:trodS{Bmelohﬂla&:a oTItie rongteen. wal |

of. t have a a.size ta al
pr%fmr%fﬁ ik tcs)ca‘flld goﬁ tr eossuanz%n&bcg? pmé( &8s %ﬁ? aling H@p?mﬁsg“ﬁ&elﬂuld
linesi & than @nsdfi?a/ﬁette tH'dﬁeeeSil fce @flsttheconalid sheCarzhbgredhaicer m ngeific
sur.face r to I rope %ﬁorce
emv BB Aot soine i b PR oP BBY Ligky i escrghly. Sueh
scalilpflgids can be, for example, fibrous. The use of a self-sealing fluid can reduce the
need for tighter tolerances and/or other sealing mechanisms, such as o-rings. The use of self
sealing fluid can reduce costs of manufacture and/or operation of embodiments of the ring

cell. In other embodiments, seals 18 such as o-rings can be used where sealing is desired or
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the plates attached to the section of pile above the
| oad cell and/or the section of the pile belowthe
wo od/oTtaBd . The top portion of the | oad cell apPdr/ukm07/088238
bottom portion of the lIoad cell are positioned so that
when they separate their relative lateral position
remains the sane. In this way the section of pile
above, the top portion of the cell, the bottom portion
of the cell, and an optional section of the pile bel ow
necesiey- cBlidh amctxamsleds slhavgl g Hgure AAr dithigrdihéranintsvporating a bladder
tion If the cell is located at the
ijge%qghggPPhUMﬁmfgaswl%rcelI can lie on ground or, for
exAn@rexeteopll(a czp:n e@Epletfelycmmn@d ¢he MLk a@aﬁb@e BbiXcrete can be

hes tq o or otLhe a roprlate
p Oure%l URRES E‘ﬁ% g &h “@é n(‘teglra h{? Hée ccupyindghe giire annular
assemabe Tok 0&1@f:®§1$ of the Fing &gtca @E]{IH £ihecha®kmab BekttaBhdd8o a rebar cage
mat er i aétFthe ring cg to formthe portion o
ZIEWHQHﬁ}ﬁgmBg PIHG RS PIe PHVYEOT6HES Speci fi
enbadhgrestis, oft ahFlleO BeNoAGeleb e pitenhale c@zfck&ch@y EHer}Q(pansmn of
cell can b east 25% at |east 50% and at | east

the ringogeils Af?Pé gl@ﬂs@m@éefﬁ?l@r?éﬁssalfeéé%ﬁpnehrem theriylec dinpse fispures can
be FFPEGiithicen QAL ALL/PELHASTHRROMAC s R af b ﬁ[l@d @ﬁecfﬁngu g% x?gn the
in the center of the ring cell can be at” | eas Y0 0
art, PUEB 38 r'B% SYRBE OF 3R lingp-edn embolienansngf @elannyley assembly where a
ladfi@G b
oS e A B TG LU g s
compliig. dpepricly ambodimensadit rigQ¥slbtan Wepocsmos@- g ewtrieandle bottom of
f i el Speci
a dnﬁ%ﬁlglﬁné% Bﬁg{;’ ¢ a od\%ﬁédtgﬁ tl%rmq& &H%KE H{ N 1oon8 n%nnOtIl?r éoogl{ons of the
pﬂehé&Bﬂﬂ@@@@é@MﬂhE1onb$sﬂseﬁb&mm@hodhgaedfahhmbbmngntmsmown
Jo nt uid, f press zi ng can
Sy e SN T TN -
cagetﬂdiy Danxaie, atheackbe). Neede f:mbmﬁﬁaﬂlt&hb @uiﬂ@ﬂb}ﬁy;ﬁm’émlcm supply
IR R LB AT SRR IR G g Il i
anot%&ﬁﬂﬁbﬂﬁhen&&ﬁ&e peabirigd itk @Lﬁus@@'ﬁorh@stmé Othe S4RMRAE be removed
rous. The % se of ? self-sealing fluid can reduce

trojghenn Bt G BRI 6] P rie GEPERG/ 5P Be Fdk sl fg further

emb(B‘EBﬁBtﬁnthS WBid @& RSw&nlal ﬁ&ﬁm thﬁe %l%eabgtfe 8l 2eRLADY section
id can reduce costs of manufacture and/or oper ation

of thSﬁm ‘éﬁ%lﬁﬁ theHps cdk canhs fied gn weth) for pypumidaroverm ovdilme it isg the
expaB@ah Sond8 PRYGHLIASHhOrA OS5 Qé&ﬂgr@@ sﬁ&qgat%%ﬁ g dﬁ%ﬁ@éd‘ poﬁlon of

desired ornecessary. Such an exanple is s
the gy el thaintengyrio dloye nPsution crppotaat 9hide aintgl etldesp) cianufisently

attacﬁed’l%rthéeﬁ&ﬁ&{ off thé’hqjesab%yg Hleq% V2 &he }%&t n_ﬁogtctflegr)lg% Qell gatctg%ds to

letely surround the ann Gl ar as
mOVbéOWDUW@@XPWSmgﬁ thehrenghell ébagfont) hsasufﬁcngﬁl@eﬂtthdaddo thie Ipbrtion of

i EISLUTE: B QU8 S 1 A G0 BRI e %
intergiinhewéved prayest releb\a:rlat(eag aoRdn oﬁhﬂmleOﬂ:th@plﬂeeco%necT&ﬁo the top
R T A AL R T I
cxpagfiac ket dfytht hiegexpansiian wah a material that prevents the top portion and
bottom portion from coming back toward each other after expansion, the ring cell is coupled
to the portion of the pile above the ring cell and the portion of the pile below the ring cell
such as to retain the integrity of the pile as a single pile, rather than two pile sections floating

with respect to each other either vertically or laterally.
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the ring cell. Accordingly, mnor cracks or fissures
can appear in the pile. These fissures can be filled
wWORR/0TUAEr et e and/ or grout. These cracks can PeT/U/5100%0838238
by techni ques known in the art, such as via supply or
vent lines. In enbodi nents of the annul ar assenbly
where a bl adder is used, the bladder can be filled
with grout that hardens or déts up after the testing
is conplete. In specific enbodi nents, the ring cel
c a@n«b elopmsried immehrmm czm bangarvpluieer fibid o aliroaighdihte IfluRidlines
nto ase /n cel |, can be
Spafaltlgrrl] ex aln%lo% FJng?sm%?furf]ﬂ(ém I’alil Brovkglrs ajIpeans to monitor
the cmahﬂhg [D)If ¢hel amaltar Gm;Smblly’ t/h@oﬂl11h§to dﬂﬁfoﬁfnﬁdnfbgoft tBe Ipkc@éit 8nvéntion,
i s shown where a rin 20 can be

many 6685?1%1&?8\}\? Flﬁﬁieredn%Yelng:nt san e s ?fjg IEé? ¢ erQ délgﬁntbtge movement of a

flexialetpae b egh ISeOmaas[u%B as k€ageinZhelarbyin of REorReABLBend a sonar system
br acket g one enbodj nent, the fluid supply Iines

can Jgo%lgm IWBIBF%} n aaliurd( ?fnlf%lémﬁ}tﬁd]d%}t bgsed éy(s‘g%]p] &lRgsh o plrdoelectric,

for e‘xélﬁf)leﬁ@bn(ﬁe RECBSMbMiZRAisWRALET 1104 foayd re@l"él)dhﬁleﬁtl WeChm dyh of fluid
t her enbodi ment where pressurized water i|s useg

SUPP% %‘%fq thg bladde aRdites Peape the Myidedntbisrougieresn Bl?tlp@ﬂsurements
may'h hbéﬂﬁo boetivsham: s vgﬂie%%f ﬂa&o@m dsBsel &@Qnsb'ﬁe ring
. In a further enbodi nent, the void created

beit\ﬁb(éﬁd Be yedetsiand thet thehexapiples aaheméodiments idnggribed hereindre for
illus?eiltfvlg ?gfp?ﬁes\?\({nl} % t’ﬂ!rnl \%ﬂ%ﬁg ﬁ)‘é’dﬁ' Iaﬁlon% g cl%a%l%eﬁ 1%31 hp ﬁqeﬁof will be
suggedial texyparssi onll Q(blmehe @t Efc@iram bye mfﬂhl@dl’vwﬁlgl telspirik snd purwew of

d such that when expanded, the portion of the

tmsgﬁﬁ&gggll that tends to nove up upon expansion of the

ring cell (top) is sufficiently attached to the

portion of the pile above the ring cell, the portion

of the ring cell that tends to nove down upon

expansion of the ring cell (bottom is sufficiently

attached to the portion of the pile belowthe ring

cell, and the top portion and bottom portion remain

sufficiently interconnected to prevent relative

| ateral notion of the portion of the pile connected to

the top portion and the portion of the pile connected

to the bottomportion. In this way. once the expansion

zone of the ring cell is filled with a material that

prevents the top portion and bottom portion from

com ng back toward each other after expansion, the

ring cell is coupled to the portion of the pile above

the ring cell and the portion of the pile below the

ring cell such as to retain the integrity of the pile

as a single pile, rather than two pile sections

floating with respect to each other either vertically

or laterally.One nonitored neasurenent can be the

vol une of fluid used through the fluid Iines into a

separ ati on/ expansi on zone. The vol unme neasurenent can

provide a neans to nonitor the opening of the annul ar

assenbly. According to enbodi nents of the present

i nvention, many techniques to neasure novenent can be

used. I n one enbodi nent, the novenent of a
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fl exi bl e piece can be neasured as known in the art. In
a second enbodi nent, a sonar system can nonitor

worwenense In a third enbodi ment, a |ight basePCEHYS108T088238

(1 aser or photoelectric, for exanple) can be used to

nmoni tor distance. In a fourth enbodi nent, the anount

of fluid supplied to the bl adder and the pressure of

the fluid can be nonitored. 1Bhe neasurenents may need

to be calibrated due to a variety of factors such as

hose expansion. |t shoul dChénunderstood that the
ex%ﬁﬁ%g%eﬁggignbodinents descri bed herein are for

illus ra%lve pur poses only and that various

nodi fi cations or changes in |ight thereof will be
suggested to a person skilled.in the. art and are to be
ol o oo M BER e sﬁ?aidtto AREC: ORI of t hi s

app: [ _Calbbﬂ'ﬂhlg@ltg;i) ﬁ(ﬁrtiman_ﬂ?ﬂ'?v& fﬁbt&%d’f@d_oﬁ&bil?—,-wlﬁré’[@ﬂﬁ@@b tion is
ap n ad to a pile, conprising: locating a top
poEW%E%9%2V6@F%“F$W§#“§€%?ion of a pile, wherein the

top sechtQingiaboabhdehRE ptdkith e tHel th$borE 6 bl HRRL 104 se&;lélr%tion zone
pil e; Iocatiﬂ%fa_botton1portio roximate the top

n
poFtSHed AR FBt Hisstige pap a%%%WZ%ﬁ@dil%wdhfeWér@ti@ume causes a
t hadred Bh@sd 10 UsREheop hESiSH kb ZBE bhiidth Yotfdh ApdP8nd causes the top
separation zone causes a force tending to Bush t%e top
poPYTHoh laptht Weoth BetiBph sseffani rihapas-twhemdn ehlsssis tdrgon of the
L ORoROJebti N f 916%? hoRnOhdt R€e st raséor CLE R 8E)sst—sr3§ion of the
pile, wherein at |east a portion of the cross-section
of betiE peFoPeY Ponsoatido alloweths pasmagsorftmaprios fiomeabove the top
cr = Sect J f t 1.0 ti .S 0 o as.to
ol [0 e A G0 U8 et BB AORLP TRt Sl 0 BF o3 Bt Pand e
pobttioonpergo ekows, tthe tdpopdriom polr bitom pakien eiantiif relative lateral
se@%ﬂﬁ%kﬁﬂng%:aggmg%gdportion and the bottom portion
occurs, the" gp portion and bottom portion nmaintain
rel at i viejettatgehhad inposic képamtidurémdn sepaoaipplen;loand the pile.
injecting fluid into the separation zone in order to
apply a load to the pile. 2 . The nethod according to
cl ai m IThewheh®i @ctrdmghethom Polidkdio heitottbAGRLEA iaROME! Move
second sect.i on o% the\g%le, wherein the bottom portion
i st é?ctoai FEHOP & e P CUIEF IS st Psiemoportip ipptfaghedsto tipygecond
metddesh @reOfii ng to claim 2, wherein the first section
of the pile, the top portion, the bottom portion, and
t he second section of the pile act as a single pile. 4

. Jhe nﬁfehﬁ’@h&ﬁ&@éﬂhﬁgo LRin® b%ﬂ%rgin MELLINLAE of tﬁ@ﬁi‘ie, the top
20% of the cross-secti onal
portion, the bottom portion, and the second section of the pile act as a single pile.

4, The method according to claim 1, wherein at least 20% of the cross-sectional
area of the top portion and at least 20% of the cross-sectional area of the bottom

portion are open.

5. The method according to claim 1, wherein at least 40% of the cross-sectional
area of the top portion and at least 40% of the cross-sectional area of the bottom

portion are open.
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area of the top portion and at |east 20% of the
cross-sectional area of the bottom portion are open. 5

WO 200877186 hod according to claim 1, wherein atPCEHS1007/088238

40% of the cross-sectional area of the top portion and

at | east 40% of the cross-sectional area of the bottom
portion are open.6 . The nethod according to claiml,
wherein at | east 60% of the léross-sectional area of

the top portion and at |east 60% of the

cr 6ss- s8otinahad a@peingob cldie lhothtem pocdsi 6 af ehe@PRB-seclional

. The t hod according .to i wherei.n the taop
po?F?gg%gh%pH%¥‘%h?%b%ﬂ?ghgggéﬁhé%éﬁéﬂs%@P%bé“@d§ﬂ#ﬁ§°“mﬁ
of parfien pelopen.wherein materials for casting the pile

pass through the open portion of the top portion
cross-section and the open portion of the bottom

porti onTier M&aiod aebidaid. to 8lainl e wiEEQH: @%%ﬁdﬂngﬁd %_)Ettom portion
al | . e

claim1, erein the fluid is self-sealing. . _

e OB b BTG ) B, NGO nHe [ eukof fvenile pess
f 1 thir€high Shd 6lie@ Gofbni IR Bp PbABHRFoskBecki . i
zone.glo.‘ﬂ%e%ﬁethqd accg?ding to clgpﬁ$§¥gﬁﬁﬁ?g?%ﬁ?%gfme
t op° P8 RITBN CSHPRSHPAr - shaped with a u- shaped
cross-section, wherein the bottom portion is
annul ar - shaped with a cross-secti on shape

cobpl enbistagthod ascemmg e epiapbdvhsrads e st is onf-shlinghie top
portion. 11. The nethod according to claim 10, wherein
the top portion conprises an inner wall and an outer

wabl t hHte mahed sscaddmeed clhiel uvishap the pnaswaized fisitd if injeeed into
”aﬁ%ﬂhﬂ&dﬁﬁﬁQQhﬁm% it hstanding high pressure that

fornms a first poundary of the separation zone, wherein
the bottom portion conprises a second filler materi al
capabl e of wi t hstandi ng hi.gh pressure that forms a
sec'ioﬁredH% %??m8¥ﬂg%§(%% ab aYTCEAY Y6580 PRIGP &5 prrglar-shaped
t heith apu-paptd anssarckidno therinphe to@sn SBRAMEE @nniliiehhftaslith a
wal | and.the outer wall of the to ortion becone _
AP B PO AAEPIEE B e SaRr AP SRS EHa. D20 Tiion
nmet hod according to claim1l, wherein the top portion

is, annyl.ar-shaped with a u-shaped cross-section,

whbt ei niTeHeethskaceripe e tlai 1 & VAR B loprrapian saptoRses an inner

USRAPGAd Gh OsiferSRAT QN fSRARRNAY RDuAMRPEA £7%t filler material
wherein the open end of the bottom portion is

> 0p ! .
po&PtiloRbdihpandies ok wagsade thsp fyerstd br bevndprsi of the separation
Pressuh&es freUbddohs phihehaditdt o sgé&ﬁdsﬁ&ﬁr@été@a@ czclgeﬁ)?e of
an outer wall of the bottom portion is pushed Into an

withstanding high pressure that forms a section boundary of the separation zone,
wherein as the top portion and bottom portion separate, the inner wall and the outer

wall of the top portion become additional boundaries of the separation zone.

12. The method according to claim 1, wherein the top portion is annular-shaped
with a u-shaped cross-section, wherein the bottom portion is annular-shaped with a u-
shaped cross-section shape having an open end, wherein the open end of the bottom
portion is positioned in the u-shaped top portion, wherein as pressurized fluid is
injected into the separation zone an outer wall of the bottom portion is pushed into an
outer wall of the top portion to create a seal and an inner wall of the bottom portion is

pushed into an inner wall of the top portion to create a seal.
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outer wall of the top portion to create a seal and an
inner wall of the bottom portion is pushed into an

wo pove7Mad | of the top portion to create a seaPCW/BS20071@88238

met hod according to claim2, wherein the bottom

portion conprises a bottom plate, wherein the bottom
plate is attached to the second section of the pile.

14. The nethod according tolédlaim1, further

conprising: determning a |load applied to the pile.

15. The method according to claim?2, further

conpri sing: determ ning a, load lied to the first .
sectii onhcl) mteﬂjgd Bl Oéé]lg\ go £lgan ?e(%&}%P msglgtkfogtﬁmo?or{l%Compnses a
pi bettond flateTivkereie tivdettamgoateisngadhed o @t Bacdnd fedfidh@Tthe pile.
conprising: after injecting fluid into the separation
zone, filling the separation zone with a materi al

capabl eTigf mbasdenbdghesOclasn 1 FuARdrRb@apisitdie separation

of the %Q% Qortiﬁpdan .ghe bott om porti on, wherein the
top sect§SHBRE ¢ kad prrlisd ‘4 the Pop portion, and the

bottom portion act as a single pile. 17. The nethod
according to claimy7, wherein the pressurized fluid is

i nject edSAEBOG HEOEHIEAP Spindd B campBYngast i ng t he

pile. 1&icrthigndBtibRd 3060101 AY Q9 LhihMdde d%ﬁee[n%! e second
the bottom portion is |ocated above a second section

of seHen pfithepilésherein the first section of the pile and
the second section of the pile are contiguous through

t he open portion of the cross-section of the top

pott.i onTkendethérbacoprdmgporeipinoh. fofthdrkemprisss - secti on of

t he bot 116N, ei ter ingecting fluid into.
the sepirarianheay MOThel e Ak honeCh BB R Rprl B i S«
betweeanl tahebl§ bf strdedt dooms tomatih@n he sepamibnt dfehs@pqietion and
ggnte :bg G%r%i)o%t{]?rg,o\g%e!ﬁeel{l ;t]hge t%lggeﬁggr%&[tﬁgﬂi?%fhteg?e%gcl)r![ign, and the bottom
cr psseseachs oringt ptile top portion and the open portion

of the cross-section of the bottom portion. 19. The

nmet hod according to claim15, wherein the bottom

port.i onThembthebdcestdalay elafn 30¢ien 3RGd:0ni2d Ntiaes RidcRd into
mhg%eln the first section of the pile and the second
se

SRR 3T estirethe B i guous around an outer
perineter of the cross-section of the top portion and
an outer perineter of the cross-section of the bottom
pot¥i onlhenpethed mafrdpg itpjekiémi g YWhesin thenbatophgortion is located
se [ [ [ -
Dot o “Tinae frerag PRt JHG AT 1811R Lok o e T g sccond
segctigholothe pheagicpetiguaus thepugb tltei apan pfrtibhef thie lcevss-section of the

CO%E@H%San@rtﬂy%%ﬁwgyﬁio%ugﬁﬂe %gg-g@%&r ofottae %cr)]t?om portion, wherein

Ccro 'sec'tlon_o
after injecting fluid into the separation zone, further comprising filling cracks

between the first section of the pile and the second section of the pile in the portion of
the pile contiguous through the open portion of the cross-section of the top portion

and the open portion of the cross-section of the bottom portion.

19. The method according to claim 15, wherein the bottom portion is located above a
second section of the pile, wherein the first section of the pile and the second section
of the pile are contiguous around an outer perimeter of the cross-section of the top

portion and an outer perimeter of the cross-section of the bottom portion, wherein
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top portion and an outer perinmeter of the
cross-section of the bottom portion. 20. The nethod

wa@ewsndileg to claiml, wherein the open porti oPCDUS100T088238

cross-section of the top portion is |ocated at a

center of the cross-section of the top portion,

wherein the open portion of the cross-section of the
bottom portion is | ocated atléa center of the
cross-section of the bottom portion. 21. A nethod of

pr eftérdijaging fplidiriatd thye eépapitioeszdner flo@as | dugnp@ishQr Kilig cracks

ol 1B Ten 2 aEhigpaCt Ol BleaeRhdhen ot g e ile in e
wheomion oﬁthel;ﬁl&&bntﬁgﬂbuﬁiroﬁﬁ&l i RS ﬁeﬂﬁl@fep@f AordskQ@bn of the
erein each | oad ri.ses; a top portion
|08§H§%b 8&?8@?5$§W“§%8?h8ﬁ“6? Sgtin plgthe bfpmapPastet om
portlon | ocat ed proxinmate the top portion, mhere;n a
i on z ne i, created such that injection of a
2@3 3‘?‘? E“éalo A€ 1P$1f®oclﬁlﬁ)ehs‘@}ﬁé?laﬁhecﬁ?eﬁ BABiog R dhescreps-section
f OB £ enelt@RBrAch fQodatkad e § B&itdr QP HR @Fdki-QRtiaNdr thpﬁ)p%%hb(ﬁmvherem
portion apart and causes the top portion to pus
on“’ter?éel? Pereen ofhe Fiops-tEtame thi bastomypmatiast i lesatell abs cena:r of the
POELLORAn IR Ki@RS503@&E | on of the top portion and
the cross-section of the bottomportion is open so as
to allow the passage of materials from above the top

ponfioR fn@thggl Jobﬁin&otdtﬁmag %?prlt’:s \{‘Vh %}g nng workmg load,

separatl on O pOftI on an om portion-occurs,

compiygng: op portion and botton1port|on na|nta|n relatlve

| at er al separ tlon a |l oa

cach 1 osaaerarY s e AR R01 pPPELK AT R Fategond

|O&ﬂmEQJﬁﬁﬁmMEwsuﬁthpaﬂsBﬁb@@mﬁﬂﬁIbﬂﬁcappﬂkﬂﬂne@@ﬂk@@ceﬂ
he | east two piles; determ ning whether the

p|ﬁF%W”Fy of piles neets at | east one design criterion

for beariopgoitibe lovarcl bagwlaaast sewbaneh Bils;had
deterninﬁilon I S ased on the applled | oad and

the neastied BYTYL C%?J)Prﬁé“%ﬁpth’ K8 NOFAY- BRceHer geparation zone

| eESCIreatéMSuﬂi {HesinjedBon Fhe preduioth 26E 9k idingse %)Qraﬁ&ﬁizd'ﬂe 2luses a
rein opne of the at | east one design criterionis a

fa @r Bidiggogpysh s tom?@ftwat%ﬁ’édhea%@ﬁup@rgom 6P, ahdrequtes the

V\’f] 1 | T
o @)tﬁaﬁ)lgﬂ Fc)):nge?gllls?lta{}; (}antﬁf) ?I SEE&Q&PQF @t Eﬁie vﬂ%f‘% d;@at l%:ag?eaf)ox%gr/ Of the

cl gPirpqtiong dheeion ppisad a@@megrmeqm of hobatted porioo isdpen so

as to allow the passage of materials from above the top portion to below the bottom
portion, wherein if separation of top portion and bottom portion occurs, the top
portion and bottom portion maintain relative lateral position during separation;

applying a load to each load cell of the at least two piles incorporating load
cells;

measuring an effect of the applied load on the at least two piles;

determining whether the plurality of piles meets at least one design criterion
for bearing the working load, wherein the determination is made based on the applied

load and the measured effect of the applied load on the at least two piles.

22. The method according to claim 21, wherein one of the at least one design

criterion is a factor of safety.
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| east 50% of the plurality of piles. 25. The nethod
according to claim?2l, wherein |load cells are

w0 pwsopus@t ed i nto at | east 80% of the plural i pgT/U82007/088238

piles. 26. The nmethod according to claim2l, wherein

| oad cells are incorporated into at | east 90% of the
plurality of piles. 27. The nethod according to claim
21, wherein |load cells are ildcorporated into at |east
100% of the plurality of piles. 28. The nethod
according to claim 21, wherein a resistance factor

R th lurality of.piles.is at |east 0.6. 29, .
the® nathod uBclraiing e Slaf 2 rrbsrtinithad §TR s i SRisionto o
f athor 0{RFxheoflutahe gplptiesal ity of piles is at |east 0.9.

30. Aload cell, conprising: a top portion |ocated
below a first section of a pile; and a bottom portion

| ocat gde prethodrrt@dinfo Rpn POr (Wh&Bin IWE@ismr@incorporated into at
seggrgb&;g zone Bs(&r ated such that injection of a

pr 88 P A A R RPBt he separation zone causes a
force tending to push the top portion and the bottom
portion apart and causes the top portion to push up on

t hé>f iTpgmediodraceridine o simill e whemiarlepdhcadls aregsprpgrated into at
POYh i @0t k1B uGafiQ3Fpd&ct i on of the top portion and

the cross-section of the bottomportion is open so s

to allow the passage of materials from above the top
PObE T 9fe trr{%t}{%glag%rhfﬂg tpgfa§19 3 pQ/gérEBQOadA@les.Galré’] inlcgr orated into at
separation of top portion and bottom portion oCeur's,

th attﬁﬁ%mfrtheimwag‘fmd)fbém om portion maintain relative

| ateral position during separation.

27. The method according to claim 21, wherein load cells are incorporated into at

least 100% of the plurality of piles.

28. The method according to claim 21, wherein a resistance factor (RF) of the

plurality of piles is at least 0.6.

29. The method according to claim 21, wherein a resistance factor (RF) of the

plurality of piles 1s at least 0.9.

30.  Aload cell, comprising:

a top portion located below a first section of a pile; and

a bottom portion located proximate the top portion, wherein a separation zone
is created such that injection of a pressurized fluid into the separation zone causes a
force tending to push the top portion and the bottom portion apart, and causes the top
portion to push up on the first section of the pile, wherein at least a portion of the
cross-section of the top portion and the cross-section of the bottom portion is open so
s to allow the passage of materials from above the top portion to below the bottom
portion, wherein if separation of top portion and bottom portion occurs, the top

portion and bottom portion maintain relative lateral position during separation.



