1 METHOD AND APPARATUS FOR TESTING LOAD-BEARING CAPACITY UTILIZING A RING
CELL Cross-Reference to Related Application 5The present application is a continuation application
of U.S. Application Serial No. 11/960,624, filed December 19, 2007, which claims the benefit of U.S.
Provisional Application Serial No. 60/875,665, filed December 19, 2006, both of which are hereby
incorporated by reference herein in their entirety, including any figures, tables, or drawings. 10Field of
the Invention  Embodiments of the invention relate to a method and apparatus for testing the
load-bearing capacity of concrete shafts utilizing a ring load cell. Background of Invention 15Drilled
shafts or piers are often used in the deep foundatlo mdustry because they provide an economical
alternative to other types of deﬁl med by excavating a
cylindrical borehole in the groutid-and-therr =Fand-tiuid concrete in the borehole.
The excavation may be assmemmmﬁmamlm ltlﬂ'kﬂﬂm@eMEm@o@Eld_llke When the concrete
hardens, a structural pier suitable for load bearing results. These 20 piers may be several feet in
diameter and 50 feet or more deep. They are typlcally deS|gned to support axial and tensile
compressive loads. 3 P atestAppligatidly used to form the foundations
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a pile foundation is to transfer and distribute load. Piles can be inserted or constructed by a wide
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reinforcement, and in any combination. A wide range of p|Ie types can be used depending on the soil
type and"S{RIERRBINGGIREH BRI A P S MBK faRydaliRRAOFTRWIRESIes of pile types include

wood, steel pipe piles, precast concrete piles, and cast-

10 Field of the Invention

Embodiments of the invention relate to a method apparatus for testing the load-

bearing capacity of concrete shafts utilizing @ rioad cell.

Background of Invention

15 Drilled shafts or piers are often used in the deepdation industry because they provide
an economical alternative to other types of deemdations. Drilled piers are typically formed
by excavating a cylindrical borehole in the growamd then placing reinforcing steel and fluid
concrete in the borehole. The excavation may bestasl by the use of drilling fluids, casements
or the like. When the concrete hardens, a stratpier suitable for load bearing results. These

20 piers may be several feet in diameter and 50 feetare deep. They are typically designed to
support axial and tensile compressive loads.

Piles, usually made out of concrete, are genenaslgd to form the foundations of
buildings or other large structures. A pile candomsidered a rigid or a flexible pile. The
purpose of a pile foundation is to transfer andtritiste load. Piles can be inserted or

25 constructed by a wide variety of methods, includimgt not limited to, impact driving, jacking,
or other pushing, pressure (as in augercast plleshpact injection, and poured in place, with
and without various types of reinforcement, andny combination. A wide range of pile types
can be used depending on the soil type and stalatequirements of a building or other large
structure. Examples of pile types include woodekpipe piles, precast concrete piles, and cast-

30 in-place concrete piles, also known as bored pdegercast piles, or drilled shafts. Augercast



30in-place concrete piles, also known as bored piles, augercast piles, or drilled shafts. Augercast 2
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 pile is complete. Piles may be parallel sided 5 or tapered. 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. Often, the precast concrete is prestressed to
withstand driving and handling stresses. Cast-in-pldce concrete piles can be formed as shafts of
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15 which is a function of skin friction {f. Loads applied at the top end of the element are

transmitted to the sidewalls of the element anth&bottom of the element. The end bearing
capacity is a measure of the maximum load thatbeasupported there, and it will depend on
numerous factors including the diameter of the elenand the composition of the geomaterial
(soil, rock, etc.) at the bottom of the shaft. Bide bearing capacity is a measure of the amount
20 of load capable of being borne by the skin frictaeveloped between the side of the pier/pile
and the geomaterial. It depends on numerous fjciocluding the composition of the
foundation element and the geomaterial formingdide of the element, which may vary with
length (depth). The sum of the end bearing and B&hring capacities generally represents the
total load that can be supported by the elemeritowit sinking or slippage, which could cause
25 destructive movements for a finished building adde atop the foundation.

Although it is desirable to know the maximum endadiey and side bearing for a
particular pier or driven pile, it is difficult tcmake such measurements with a high degree of
confidence. Foundation engineering principles antdor these difficulties by assigning end
bearing and load bearing capacities to a foundaiement based on its diameter and depth, the

30 geomaterial at the end of the element and alorgjdes and other factors. A safety factor is then



typically applied to the calculated end bearing and side bearing capacities. These safety factors are
chosen to account for the large number of unknown 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 5 drilling, length of time
the borehole remains open prior to the placement of concrete, residual effects of drilling fluids,
borehole wall stresses produced by concrete placement, and other construction-related details. For
example, it is common to apply a safety factor of 2 {o the side bearing so as to reduce by half the
amount calculated to be borne by skin friction LikeWise, a safety factor of 3 is often applied to the
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abandon a formed shaft merely because it was used for testing, there remains a need for a testing ceII
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suitable foundation.
As a patrtial solution, it has been known to dineatieasure the end bearing capacity and
20 skin friction of a drilled-shaft pier. This is tigally accomplished at a production site by using
one or more test piles.

Osterberg (U.S. Pat. No. 4,614,110 & 5,576,494)l0ses a parallel-plate bellows placed
in the bottom of the shaft before a concrete mepaured. The bellows are pressured up with
fluid communicated through a pipe coaxial with thier. Skin friction is determined by

25 measuring the vertical displacement of the pierrésponding to the movement of the upper
bellows plate) as a function of pressure in théolbed. Likewise, end bearing is determined by
measuring pressure against the downward movemeahedbwer bellows plate, as indicated by
a rod affixed thereto and extending above the sarthrough the fluid pipe. Upon completion

of the load test, the bellows are depressurizetle Gellows may then be abandoned or filled



Embodiments of the present invention are directed to an apparatus and method for testing the load
bearing capacity of one or more piles, or shafts, utilizing a ring, or annular, load cell. Embodiments of
the invention can provide an apparatus and method for testing the load bearing capacity of one or
more piles, or shafts, that reduce the interference with using the one or more 15piles, or shafts, after
testing. In a specific embodiment, an annular assembly can be used in production piles (e.qg., piles
used as a foundation of a structure). The annular assembly is capable of being used in production
piles because it can be inexpensively manufactured and allows concrete and/or grout to pass through
the assembly, while in place, during the casting of e pile. 20In an embodiment, during construction,
the subject rin cell? can pe Hgalce in most, or all, roductioné)iles, if desired. In further emb di{n nts,
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testing. Ipiene embodiment, at least 10% of the production piles can have ring cells. In other

embodiments, at least 20%, aj Jeast 80% %, O P cli iles ing
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embodiments of the subject ring cells, a greater confidence of the load bearing capacity of the group of
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of a plurality of piles that will be used to support a load. In a specific embodiment, at |least 50%, at
least 80% NSO IRk A665URAFSH BEfRaPRes Fﬁ%%HB%WHB LeALTHFiISHAEKIHY, BRIBg cells provide

a load that causes settling of the piles. In a specific embodiment, the load is equal to or greater 5 than

the lgad expected to occur during the intended use of the pile. In this way, a portion, if not all of the
expected settling of the pile can be accompli ting. In an embodiment, the ring cells
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ping material'becadse or Iits’curved shape. A partcular, a cdrved stiapeTing cell can alow for
stampind=piboesuentmsiehe ofweakiimgcandonosclerangappasate thetholdandestang thet lasdidgiearing
capacity of one or more piles, or shafts, that cedine interference with using the one or more

15 piles, or shafts, after testing.

In a specific embodiment, an annular assembly eamsked in production piles (e.qg., piles
used as a foundation of a structure). The annatsembly is capable of being used in
production piles because it can be inexpensivelgufactured and allows concrete and/or grout
to pass through the assembly, while in place, dute casting of the pile.

20 In an embodiment, during construction, the subjaa cells can be placed in most, or
all, production piles, if desired. In further endliments, the subject ring cell can be placed in
one or more piles and can remain in the one or rpibee after testing. In one embodiment, at
least 10% of the production piles can have rindgsceln other embodiments, at least 50%, at
least 80%, at least 90%, or 100% of the produgtites can have ring cells.

25 The piles having ring cells can be designed usirigveer factor of safety, or an increased
resistance factor (RF), because the piles beingdese the piles to be used. By testing such a
large number of piles, and a large percentage efpites to be used, when many of the piles
incorporate embodiments of the subject ring cellgyreater confidence of the load bearing
capacity of the group of piles as a whole can beexed. In one embodiment the RF can be

30 0.6. In another embodiment the RF can be 0.9.



Furthermore, the components of the ring cells can be selected for cost and simplicity. For example, a
ring cell can incorporate stamped sheet metal, filler material that can withstand high pressures such as
high strength grout, and/or rubber or fabric membranes or bladders. 15 It should be noted that
embodiments of the subject invention can be used with one or more types and diameters of shafts
and/or piles. In addition, one or more ring cells or annular assemblies in accordance with the invention
can be used in a single pile shaft and can be located at various points along the shaft. The subject
invention is intended to be placed at any level within the pile deemed to be suitable, which could be at
or near the bottom of the drilled shaft or 20 pile. Typically the predetermined elevation or depth would
be selected so fhat the trgst does not .reducaﬁ the %t?m etenceto the shaft oréoile. iA sge?ific lit
embodiment of th& THYERRSH ISE5r 8d1A S A AR TalF A e P A R e A Ch Akl A erial
capable of pildssthatim heybgerd $swep @oTtcaiteady limpeicéicveatidmaiimgrananieass GagceatHats 80%,

ubr ¢ : : ial: an i i | s . :
ibricated Torst Ha g MRS LB UL DIl R R R T
self-seallngdithaupaiesgsr ssitiirotofatke pgailesionnzendioasimipogionting hatiodal,ishesparatoyasier
provided:py amembiane, Befeen JBe fiigsr d&%f@ln!@rﬁﬁﬂ&ﬁﬁ‘é P@OW%E%ﬁ%f'&ﬁ%@B Rigb:

pressure fluid can be used, such that the fluid seals any leaks as the fluid is pushed into the'leak. In
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load testing with grout and/or concrete. In yet another embodiment of the invention, there is
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method including: inserting an annular assem yqn 0 One or more construction piles thus increasing
the loadfibearrajersdasityiamel/ oy briffnealsvedltHeloagh-ieaenguniatertabbddwbihengsie: foarad iddiotived by
filling; igox GiRgkmanghifipsuresREMShAnAURPY deatiag YR ABCACL SRR IR fluid under
pressure to a separation zone within the filleremal, the separation zone provided by a
membrane between the filler material. In a dpeeimbodiment, a self-sealing high pressure
fluid can be used, such that the fluid seals amakdeas the fluid is pushed into the leak. In
another embodiment of the invention, there is medi an annular load testing assembly,

30 including: an outer perimeter cylinder having ateowvall, an inner wall, and a top wall and an



30It is to be understood that both the foregoing general description and the following 7 detailed
description of the present invention are exemplary and explanatory and are intended to provide further
explanation of the invention as claimed. Brief Description of the Drawings Figures 1A-1B show
a sectional view and a fragmentary sectional view of a specific 5embodiment of the present invention.
Figures 2A-2C show a sectional view of a specific embodiment of the present 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. Figures 5A-5C show an embodiment
of the subject invention with respect to a bore hole."10Figures 6A-6C show embodiments of varying
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capacity of one or'more piles, or shafts, and increases the desirability of using one or more of the
tested piRSSRPYoJNEtEHNSIE fitlen ppataiiattcapriple inlstaoH A MISE PEessWith apife!CiReHHIRIES or
drilled SW‘I{H@- having an outer wall, an inner wall, a tegll, and an optional bottom wall, where an
inner surface of the outer perimeter cylinder cotstdhe filler material; and one or more fluid
access lines for supplying fluid to a separationezbetween the filler material and the inner
10 surface of the top wall portion of the outer petienecylinder, the separation zone including a
membrane in contact with the filler material. Inot#trer embodiment of the invention there is
provided a method of providing piles for a struetuhe method including: inserting an annular
assembly into one or more construction piles timeseiasing the load- bearing capacity and/or
stiffness of the load-bearing material below thie piand followed by filling minor cracks and
15 fissures formed during load testing with grout/andoncrete.

In yet another embodiment of the invention, thexgiovided an annular load testing
assembly, including: a filler material capable athstanding high pressure; an outer perimeter
u-shaped cylinder having an outer wall, an innell,veatop wall; an inner perimeter u-shaped
cylinder having an outer wall, an inner wall andatom wall, where an inner surface of the

20 outer wall of the outer perimeter cylinder contabis outer surface of the outer wall of the inner
perimeter cylinder and an inner surface of theinved| of the outer perimeter u-shaped cylinder
contacts the outer surface of the inner wall ofitiveer perimeter u-shaped cylinder; and one or
more fluid access lines for supplying a self-sepfinid to a separation zone between the filler
material. The separation zone may include a memebiracontact with the filler material.

25 In another embodiment of the invention there is/gled a method of providing piles for
a structure, the method including: inserting anudemassembly into one or more construction
piles thus increasing the load- bearing capaaiy/@ stiffness of the load-bearing material
below the pile ; and followed by filling minor che and fissures formed during load testing
with grout and/or concrete.

30 It is to be understood that both the foregoing gandescription and the following



In particular, the annular assembly can be used in production piles (e.g., piles used as a 25 foundation
of a structure). The annular assembly is capable of being used in production piles because it can be
inexpensively manufactured and allows concrete and/or grout to pass through the assembly, while in
place, during casting of the pile. In an embodiment, during construction, the subject ring cells can
be placed in most, or all, production piles, if desired. In further embodiments, the subject ring cell can
be placed in 30one or more piles and can remain in the one or more piles after testing. In one
embodiment, at 8 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 prdduction piles can have ring cells. The piles

having ring,cells can be designed using a lower factor of safety or an incregsed resistance factor (RF),
pecause TR TR 1SEah Qe PHE-BrLd WABL LAY & & R e R a0 1A
another enobattirhetitehexXpRucamnobpeod idnrae imbadirledt, the ring cells can be made cheaply
because the pieces can be made of éﬁé’?% 1 }%fq glfﬁr tIi1v y preformed or pre-cast materials.
Advantageously, in embodiments, thﬁﬂ@‘%@\%ﬁéﬁﬂhﬁﬁ‘é@e—gy stamping material because of its
curved shape. NgaedAarld shomw Bshegieoral \Gew camdafolia@nsriaiying ¢ietak witanspesiiof
welding andhmasiRing pgézapggemq%mg@nces are not as tight.  Furthermore, the components of

the ring cells can be selected for cost and simplicity. For example, a ring cell can incorporate stamped
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be used for embodiments 15 not incorporating a bladder. This self-sealing fluid can be used as a
hydraulic fluid STUBKiEsE" A %Wi@a‘ﬁ%%é?rm% AR SRS R B AL PEE S RYS T -

congealing agepiguhaisatetne\aad eieiosuinienes! e sipats FRaIntopOMBEIRIGI2b COPetewith
o thS Subject HIEHGT FRsod HELAHUREBE 20 1RSHOG B SRS R ehes. n addition, one or
more ring cells Biganaulshawsemies doiaceor trwepordiniie imvgctdneiaipite used in a single pile
shaft and can blSelPeCr%tr%iea\t/v\l/IPr}l%l\J/\? B%‘”rtﬁa%'é”‘.ﬁ tggtglflwatfg. the preférembodiments of the present
invention, examples of which are illustrated in #eompanying drawings. Wherever possible,
the same reference numbers will be used througth@utrawings to refer to the same or like

15 parts.

Detailed Disclosure of the Invention

Embodiments of the present invention are direateaht apparatus and method for testing
the load bearing capacity of one or more pilesstafts, utilizing a ring, or annular, load cell.
20 Embodiments of the invention can provide an apparahd method for testing the load bearing
capacity of one or more piles, or shafts, and mses the desirability of using one or more of the
tested piles as production piles. Embodimentsefitvention can be used with a pile cast in
place or drilled shatft pile.
In particular, the annular assembly can be usgataduction piles (e.g., piles used as a
25 foundation of a structure). The annular assenmblgapable of being used in production piles
because it can be inexpensively manufactured dadislconcrete and/or grout to pass through
the assembly, while in place, during casting offite.
In an embodiment, during construction, the subjexj cells can be placed in most, or
all, production piles, if desired. In further endlments, the subject ring cell can be placed in
30 one or more piles and can remain in the one or rpibes after testing. In one embodiment, at



Figure 1A shows a cross-section of an embodiment of the subject ring cell and Figure 1B shows a
magnified section L of Figure 1A. The ring cell shown incorporates an annular-shaped 25 outer ring 1
and an annular-shaped inner ring 2. The outer ring 1 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. Outer ring 1 can be
stamped out from a sheet of metal or formed via other manufacturing techniques, such as welding.
Inner ring 2 can also be stamped out from a sheet of metal or formed via other manufacturing
techniques, such as welding. In an embodiment, brgided packing 3, 4 can be used 30to prevent fluid
leakage from the ring cell. In further embodiments, a gasket or other impervious 9 material 3, 4 can be
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zone. Alternatively, a bladder 5 can be used in place of the membrane 7. One or 10 more hydraulic

fluid accE88 lipekss@h Brovislaur esBhe BesaksforthLomieiReRgHMREeopf pRits bR coRiRNidin@r As
pfessur%hﬁﬂﬁﬁu&ﬁﬁ/%?éwtﬁea Wsﬁ@sc%@'ﬂﬁtm%mler SR a5, ﬁhot\é\fﬂﬂed: HEREsZBhe rlnlg' agpther

embodiment as shown in Figure 3A, the ring cell can incorporate an inner cylinder wall 10 and an outer

cylinder Walls1 §athRer W%@Nv%ﬂ@@'%d%ﬁ?é&a&ﬁmlﬂ o SEaRDe Ml ifWeighred

strength gl eiplasticean atfoey anpiepngiegpriessastaawdiniIgiagt dvat dechRim Pathstnthéne
hlgr@:ressltéu S. Inner c Ilnder WE" 10 and outer cylinder wall 11 can be substantially parallel. A filler

ial ©'SIRHCES ﬁ@ A as9Bbsitioned between the parallel side walls 10, 11. The inner surface of
the parallel sideruraisrosordyehelrwaigshsnchdhekte hie fl e atexide Gexhfoslidstvetial rschypdiettyfrictan

from the Slde W%IIsaansnflu(l:%ﬁll(I:sé% Hgg%%rrate stamped sietdl, filler material that can withstand high
pressures such as high strength grout, and/or rusldabric membranes or bladders.
It should be noted that a self-sealing high pres$uid may be used for embodiments
15 not incorporating a bladder. This self-sealingdlaan be used as a hydraulic fluid substitute and
is typically a chemical mix of friendly fibers, ders polymers and congealing agents that inter-
twine and clot to form an impervious seal. A comeredrcompound with similar properties that
can be used in an embodiment is Slime
It should be noted that embodiments of the subjeantion can be used with one or
20 more types of shafts and piles. In addition, onanore ring cells or annular assemblies in
accordance with the invention can be used in aesipde shaft and can be located at various
points along the shaft.
Figure 1A shows a cross-section of an embodimetttetubject ring cell and Figure 1B
shows a magnified section L of Figure 1A. The roey) shown incorporates an annular-shaped
25 outer ringl and an annular-shaped inner rihgrhe outer rindl and the inner rin@ can have a
“u” shaped cross-section including an outer rindl,vea inner ring wall, and a top wall. Outer
ring 1 can be stamped out from a sheet of metal or fomeedther manufacturing techniques,
such as welding. Inner rijcan also be stamped out from a sheet of metairorefd via other
manufacturing techniques, such as welding. Inmbosliment, braided packir8) 4 can be used

30 to prevent fluid leakage from the ring cell. Inther embodiments, a gasket or other impervious



20 the space between a rubber or fabric membrane 7. The top and bottom portions of the ring cell can
be situated within a pile such that a top surface of the filler material 6 contacts the pile material above
the ring cell and the bottom surface of the filler material 6 contacts the pile material below the ring cell.
One or more hydraulic fluid access lines 8 can provide fluid to the separation zone through the top of
the filler material 6. As pressure builds, the membrane pushes 25 against the filler material as shown
in Fig. 3B. Concrete, or other materials to form the pile, can be poured through the opening in the
center of the ring cell for ease of positioning of the gng cell. In a further embodiment as shown in
Figure 4A, the ring cell can incorporate a top plate © 12 and a bottom plate 13 or 13a where the inner
and outer cylinder walls 10, 11 and top and 30hottom plates 12, 13 or 13a enclose a filler material 6,
cuch as TEIF BTG Ab) Bt (R B S e o e B GRS o R o o
bottom ployticeuby Buidbbés dui@diiitis therbladaiey, Addittaceegsmiide. efteratheumgtélithsoupgliedadop

plate ang HagFtﬁ{gj%glI&r@%gﬂ@%@t&ﬁh%él@%ﬁ%{%ﬁﬁﬁ- 8@?&95 ©1T I r%‘%o%ﬂ@%it or

other seals 18 can also be use ne or more Id access lines 8 can provide fluid
to the 5 &dyydratiin Romp waolghubeditp ipfiate thedbleddenter ring and upper filler material 6. As
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embodiment as shown in Figure 5A, the ring cell can incorporate an outer perimeter u-shaped cylinder
1 having'#19 d,RBE\ET arRigHaPRgicadsy WaInaRTRG: deririesilicshapadisyiribier matedehn
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perimeter cylinder 2 enclose a filler material 6, such as high strength grout (HSG) or elastomeric epoxy
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shaft or bore hdie afihth20 emzodimkkiof twe shayveelhcRighisySA, rénbBusealfl aasizecoralboate @ximaes
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when they separate their relative lateral position remains the same. In this way the section of pile

above, tHd G gt eamialy paralgbtonillssisiesdicoan dvasaspheesitiensd betwegndhe
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bottom of a shaft, the cell can lie on ground or, for example, on a piece of concrete, which can be six
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20 the space between a rubber or fabric membvan&he top and bottom portions of the ring cell
can be situated within a pile such that a top serfaf the filler materiab contacts the pile
material above the ring cell and the bottom surfate¢he filler material6 contacts the pile
material below the ring cell. One or more hydradiluid access line8 can provide fluid to the
separation zone through the top of the filler maté. As pressure builds, the membrane pushes

25 against the filler material as shown in F3g. Concrete, or other materials to form the pile, can
be poured through the opening in the center ofrithgg cell for ease of positioning of the ring
cell.

In a further embodiment as shown in Figure 4A,rihg cell can incorporate a top plate
12 and a bottom platé3 or 13a where the inner and outer cylinder wallg 11 and top and
30 bottom platesl?, 13 or 13a enclose a filler materigh, such as high strength grout (HSG) or



30ring cell allows ease of access to inject concrete, or other pile material, past the ring cell to form 11
the portion of the pile below the ring cell. In various specific embodiments, the opening in the center of
the ring cell can be at least 25%, at least 50%, and at least 75% of the cross-sectional area of the ring
cell. In a specific embodiment as shown in Figure 6C, the opening in the center of the ring cell can be
at least 20% of the cross-sectional area of the ring cell to facilitate the 5 passage of concrete through
the opening. In another embodiment as shown in Figure 6B, the opening is at least 40% of the
cross-sectional area of the ring cell, and in a further specific embodiment as shown in Figure 6A, the
opening is at least 60% of the cross-sectional area of the ring cell. In embodiments, fluid for

pressurizipng can provide self sealing properties.vja the fluid 10 lines 8 that can obviate the need for
Seals to ST (BR8P IS iRl ol RAH R Re L. SUATRR P
seal anyfidais inethérasse o Rui8 edtesssaling #otdsscing loe)| finrexgmitie, thprplade Einel upperf portion

Se'f'sea'%ffgi%ﬁgﬁﬁfjéﬂﬁ i ‘E}Iﬂ‘l?ge%f@ééi faapie %Seas%‘?/glfa%'ﬂe@fﬁ

égs@owgt%?%?méaﬁum as
O-rings. use of selt sealing fluid can reduce costs of manufacture and peration o

emb_odir_T&’éf?QsFlﬁ trredn 0@ﬂd&dotr@n@mbmh@r§@@it§ @mﬂh% @aﬂng@\_t'@ie kfbligqlséu Uvﬁer_e
sealig i egirad PL HECATRHYH THE Moy HRIRT RIS ISFEPHIY B AL FH AN EMRLIRPAIS Jrcorppiating a

bladder can use a varlet% of fluids such as water. A concrete pile can completely surround the

annular s6mBRe e HepagRinThide dHarEshBRHANE HhhigefiBind fill the volume around
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rebar cage 21, shown in 20 Figf_ure 2. The mechanism can be one or more brackets 9. During
testing oP8'[&!&hE-EHAPRAC BiMAR BN R B It Rt N RNEX YRI5 SR WikiRg feRe A& ingly,
minor crackRaydissyliReleamappPrRRam ditepilRall haasdisstivalcand e fedomiihvaerRectaanrfier grout.
These cracks can be filled by technigues known in the art, such as vig. supply or.vent lines. In.
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positioned at, or near, the bottom of a drilled shaft. In other embodiments, the,ring.cell can be
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8 can sup adder or expansion zone
15 would not be necessary. Once the fluid begins teréhe separation area at pressure the inner u-

shaped cylinder will be forced toward the outethaged cylinder, tending to seal the inner u-
shaped cylinder walls to the outer u-shaped cyfingals to inhibit the self-sealing fluid from
escaping.
The size of the annular assembly can depend orizkeof the shaft or bore hole. The
20 outer wall of the ring cell can have a radius size to allow proximate location to a rebar cage
while the ring cell is in a shaft. The size of thalls can be determined by the surface required
to apply proper force. Embodiments with top plaaes/or bottom plates can have the plates
attached to the section of pile above the load amdl/or the section of the pile below the load
cell. The top portion of the load cell and thetbot portion of the load cell are positioned so
25 that when they separate their relative lateraltmysremains the same. In this way the section of
pile above, the top portion of the cell, the bottpartion of the cell, and an optional section of
the pile below the cell act as a single pile, ratthan two floating pile sections. If the cell is
located at the bottom of a shaft, the cell camtigground or, for example, on a piece of concrete,
which can be six inches to one foot thick or otlypropriate thickness. The open center of the

30 ring cell allows ease of access to inject concr@t@ther pile material, past the ring cell to form



12 instead of pressurized water or hydraulic fluid. In another embodiment where pressurized water is
used for testing, the water can be removed through an output line (not shown) as grout is supplied into
the ring cell. In a further embodiment, the void created between a section of the pile above the ring cell
and a section of the pile below the ring cell can be filled in with, for 5 example, grout, as well as filling
the expansion zone. Preferably, the ring cell is designed such that when expanded, the portion of the
ring cell that tends to move 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 move down upon
expansion of the ring cell (bottom) is sufficiently attacthed to the portion of the pile below the ring cell,
and the top portion a £€ bot rtion 10.remain sufficiently interconpected to prevent relative Iateral
motion of BOBORbE o the 0 RB AT T ol BB S S o BB BRI el
the bottorergertiainthie timg well candeethe lerphASin atifeNos,thadiag lealis/ blediivite &nwsteetitiadl
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one embodiment, the movement of a flexible pie pbe measured as known in the art. In a second
embodini&% c&'5onar system can monitor movement. In a third embodiment, a light based system
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15 such as o-rings can be used where sealing is desineecessary. Such an example is shown in

Figure 4A. Embodiments incorporating a bladder s a variety of fluids such as water.

A concrete pile can completely surround the annatsembly. Concrete can be poured
through the hole of the ring cell and fill the vola around the entire annular assembly. The
outer wall of the ring cell can have a mechanisnbéoattached to a rebar caze shown in

20 Figure 2. The mechanism can be one or more bragket

During testing of a pile, the concrete of the mié be cracked by the expansion of the
ring cell. Accordingly, minor cracks or fissureancappear in the pile. These fissures can be
filled with concrete and/or grout. These cracks ba filled by techniques known in the art, such
as via supply or vent lines. In embodiments ofaheular assembly where a bladder is used, the

25 Dbladder can be filled with grout that hardens ds s after the testing is complete. In specific
embodiments, the ring cell can be positioned ateaar, the bottom of a drilled shaft. In other
embodiments, the ring cell can be positioned irogortions of the pile, or in multiple locations
in the pile. Referring to Figure 7, an embodimenghown where a ring ce20 can be located
within a pile. The ring cel0 can be attached to a rebar catdy, for example, a bracket In

30 one embodiment, the fluid supply lin8scan supply grout to the bladder or expansion zone



locating a bottom portion proximate the top portion, wherein a separation zone is created such that
injection of a pressurized fluid into the separation zone causes a force 10 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 at least a portion of the
cross-section of the bottom portion is open so as to allow the passage of materials from above the top
portion to below the bottom portion, wherein if separation of the top portion and the bottom portion
occurs, the top 15portion and bottom portion maintajn relative lateral position during separation; and
injecting fluid into the separation zone in order to apply a load to the pile. 2. The method
accordin%é

O S bR AR A sl s R
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6. The method according to claim 1, wherein at least 60% of the cross-sectional area of the top portion

and at |5t 800 HENRERASSSs KecRBHIINAS 46T HhE BEIARNGD FRoRQHE BPEIRON expampientHiriring
accordingdip @pmsl suthekainynai it is eelfegaRlienthe pile above the ring cell, the portion of the

ring cell that tends to move down upon expansiorthef ring cell (bottom) is sufficiently
attached to the portion of the pile below the romll, and the top portion and bottom portion

10 remain sufficiently interconnected to prevent rigkatlateral motion of the portion of the pile
connected to the top portion and the portion ofgihe connected to the bottom portion. In this
way, once the expansion zone of the ring cell lisdiwith a material that prevents the top
portion and bottom portion from coming back towageth other after expansion, the ring cell is
coupled to the portion of the pile above the rie and the portion of the pile below the ring

15 cell such as to retain the integrity of the pileaasingle pile, rather than two pile sections flogt
with respect to each other either vertically oetatly.

One monitored measurement can be the volume af @ised through the fluid lines into
a separation/expansion zone. The volume measuteraenprovide a means to monitor the
opening of the annular assembly. According to efithents of the present invention, many

20 techniques to measure movement can be used. lemhediment, the movement of a flexible
piece can be measured as known in the art. le@deembodiment, a sonar system can monitor
movement. In a third embodiment, a light basedesyqlaser or photoelectric, for example) can
be used to monitor distance. In a fourth embodigritee amount of fluid supplied to the bladder
and the pressure of the fluid can be monitorede Mmeasurements may need to be calibrated due

25 to a variety of factors such as hose expansion.

It should be understood that the examples and emieods described herein are for
illustrative purposes only and that various modifiens or changes in light thereof will be
suggested to a person skilled in the art and abe facluded within the spirit and purview of this
application.

30



5 8. The method according to claim 1, wherein the pressurized fluid is injected into a bladder in
the separation zone. 9. The method according to claim 1, wherein the top portion is
annular-shaped with a ulOshaped cross-section, wherein the bottom portion is annular-shaped with a
cross-section shape complementary to the u-shaped cross-section of the top portion. 10. The
method according to claim 2, wherein the bottom portion comprises a bottom plate, wherein the bottom
plate is attached to the second section of the pile. 15 11. The method according to claim 1, further
comprising: determining a load applied to the pile. 12. The method according to claim 2, further
comprising: 20determining a load applied to the firdsection of the pile and the second section of the
pile. 13. The method according to claim 1, f lihler comprising: after injecting fluid into the
separation zone, filling the separation zone with rial 25capable of hardening so as to maintain
the separation of the top portion and the bottom portion, wherein the top section of the pile, the top

portion, and th%%{q@c%mga g(_:t as a single pile.

5 1. A method of applying a load to a pile, comprigi
locating a top portion below a first section opiée, wherein the top section is
attached to the first section of the pile;
locating a bottom portion proximate the top portizvherein a separation zone is
created such that injection of a pressurized fintd the separation zone causes a force
10 tending to push the top portion and the bottomiporapart and causes the top portion to
push up on the first section of the pile, wherditeast a portion of the cross-section of
the top portion and at least a portion of the ciEsgion of the bottom portion is open so
as to allow the passage of materials from abovetdpeportion to below the bottom
portion, wherein if separation of the top portiamdahe bottom portion occurs, the top
15 portion and bottom portion maintain relative latgrasition during separation; and

injecting fluid into the separation zone in orteapply a load to the pile.

2. The method according to claim 1, wherein th&dmo portion is located above a
second section of the pile, wherein the bottomiporis attached to the second section of the
20 pile.

3. The method according to claim 2, wherein th& Bection of the pile, the top portion,

the bottom portion, and the second section of tleegot as a single pile.

25 4. The method according to claim 1, wherein a$tl@8% of the cross-sectional area of

the top portion and at least 20% of the cross-geatiarea of the bottom portion are open.

5. The method according to claim 1, wherein astld®% of the cross-sectional area of
the top portion and at least 40% of the cross-gealiarea of the bottom portion are open.
30



15 portion of the cross-section of the bottom portion is located at a center of the cross-section of the
bottom portion. 15. A method of providing a plurality of piles for bearing a working load,
comprising: 5locating a plurality of piles in position in a strata for bearing a working load, wherein at
least two of the piles incorporate a load cell, wherein each load cell comprises: 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 tendingto 10 push the top portion and the botéom portion apart, and causes the top portion to
push up on the first section of the pile, wherein at | dsta portion of the cross-section of the top portion
and the cross-sectign of the bpttom portion is open so as to all sage of materials from apove
the top porton o b THO B SRCLLHbRe GLTo | CEArATIEar o aresr SO Hortie
occurs, ttres tayp paortion and boteast POPooT thaintasseéatiaedatet the ositiom guritionsaeaoaton;
15applying 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 dedigrT betevedhddabeariigate dairRihgubwieiniibails geifderlingination is made based on
the gpplied load and the measured effect of the applied load on the at least two piles. 20 16. The

method according to claim 15, wherein one of the at least one design criterion is a factor of safety.
17. The metho@acdbriifmgtoctlapecoslinghdreratadleel8IRINNEERRSFARM filsldfidaiscted into a

bladder in the separation zone.

9. The method according to claim 1, wherein theedortion is annular-shaped with a u-
10 shaped cross-section, wherein the bottom porticenisular-shaped with a cross-section shape

complementary to the u-shaped cross-section abgheortion.

10. The method according to claim 2, wherein th#dm portion comprises a bottom

plate, wherein the bottom plate is attached ts#wnd section of the pile.

15
11. The method according to claim 1, further casipg:
determining a load applied to the pile.
12. The method according to claim 2, further casipg:
20 determining a load applied to the first sectiortheff pile and the second section of the
pile.

13. The method according to claim 1, further casipg:
after injecting fluid into the separation zonelirfy the separation zone with a material
25 capable of hardening so as to maintain the separafithe top portion and the bottom portion,

wherein the top section of the pile, the top partiand the bottom portion act as a single pile.

14. The method according to claim 1, wherein thenoportion of the cross-section of

the top portion is located at a center of the eeesdion of the top portion, wherein the open



2510% of the plurality of piles. 18. The method according to claim 15, wherein load cells are
incorporated into at least 50% of the plurality of piles. 16 19. The method according to claim 15,
wherein load cells are incorporated into at least 80% of the plurality of piles. 20. The method
according to claim 15, wherein load cells are incorporated into at least 590% of the plurality of piles.
21. The method according to claim 15, wherein load cells are incorporated into at least 100% of the
plurality of piles. 1022. The method according to claim 15, wherein a resistance factor (RF) of the
plurality of piles is at least 0.6. 23. The methogfccording to claim 15, wherein a resistance factor
(RF) of the plurality of piles is at least 0.9. 15 . A load cell, comprising: a top portion; and

a bottom partion, lgcated proximate the to rtion, wherein a separation zane is created such that
miection B el R R i 90 T aoLi B AL P g e brose SectR bl e
bottom portion.

15. A method of providing a plurality of piles foearing a working load, comprising:
5 locating a plurality of piles in position in aa&ta for bearing a working load, wherein at
least two of the piles incorporate a load cell, ireeach load cell comprises:
a top portion located below a first section of le;pand
a bottom portion located proximate the top portawhgerein a separation zone is created
such that injection of a pressurized fluid into Hegaration zone causes a force tending to
10 push the top portion and the bottom portion agart causes the top portion to push up on the
first section of the pile, wherein at least a portof the cross-section of the top portion and the
cross-section of the bottom portion is open somadlow the passage of materials from above the
top portion to below the bottom portion, whereirséparation of top portion and bottom portion
occurs, the top portion and bottom portion maintaiative lateral position during separation;
15 applying a load to each load cell of the at least piles incorporating load cells;
measuring an effect of the applied load on theadtltwo piles;
determining whether the plurality of piles meetdeaist one design criterion for bearing
the working load, wherein the determination is mhadsed on the applied load and the measured
effect of the applied load on the at least twosile
20
16. The method according to claim 15, wherein @inde at least one design criterion is

a factor of safety.

17. The method according to claim 15, wherein loalis are incorporated into at least

25 10% of the plurality of piles.

18. The method according to claim 15, wherein loalis are incorporated into at least

50% of the plurality of piles.



20 to push the top portion and the bottom portion apart, wherein when the top portion is attached to a
first section of a pile and pressurized fluid is injected into the separation zone, the force tending to
push the top portion and the bottom portion apart 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 as to allow the passage of materials from above the top 25portion 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 durl%q separation.

19. The method according to claim 15, wherein loalis are incorporated into at least

80% of the plurality of piles.

20. The method according to claim 15, wherein loalls are incorporated into at least

5 90% of the plurality of piles.

21. The method according to claim 15, wherein loalls are incorporated into at least

100% of the plurality of piles.

10 22. The method according to claim 15, whereinsistance factor (RF) of the plurality

of piles is at least 0.6.

23. The method according to claim 15, whereinsistance factor (RF) of the plurality
of piles is at least 0.9.
15
24. Aload cell, comprising:
a top portion; and
a bottom portion, located proximate the top portiwherein a separation zone is
created such that injection of a pressurized fiatd the separation zone causes a force tending
20 to push the top portion and the bottom portion gpenerein when the top portion is attached to
a first section of a pile and pressurized fluithjected into the separation zone, the force temdin
to push the top portion and the bottom portion tapamses the top portion to push up on the first
section of the pile, wherein at least a portiothef cross-section of the top portion and the cross-
section of the bottom portion is open so as tonallee passage of materials from above the top
25 portion to below the bottom portion, wherein if aggtion of top portion and bottom portion

occurs, the top portion and bottom portion maintaiative lateral position during separation.





