DEVI CE FOR TESTI NG THE LOAD- BEARI NG CAPACI TY OF CO\ICR’I?E/ %%(RTHEN
SHAFTS 5 - This invention relates to neans for and rret hods of testing
t he | oad-bearing capacity of concrete shafts extending down inte the earth
and pore particularly to nmeans for conducting such tests responsive to an
application of approximtely one-half of the force 10 her et of ore
required for making simlar tests. Conventional |oad tests use one or nore
hydraulic jacks to apply a downward | oad onto the top of a concrete-filled
shaft to determine the ultimte 15 | oad- carrying capacity of
the underlying ear DRSIIGHEER {TESHENGOPHRALOADBBBABINGOCAPACITYD of the

shaft is nmeasured under &Jié&pélgm.ggf.&bﬁﬁ E QENSAFS To

acconplish this, the jacks oad or a
heavybeam which is held down on each 20 of its ends by reaction shafts
whi ch are designed to take an upward force. Since the | oad capacity of
the shafts_range fromhundreds to thousands of tons, apd singe th reqw rgd

reaction | 3ad nust betgreatRYSRhiAn: K 5 YL JPeIN/ GIOF haRE RE
ei ther a huge pitestimg thie V\Eogat-bea@gmgerahpgcdeycr@feddrmﬁe}:é)r shiafitls)

or a very heavy @{{% rgé:gdéﬁﬁcakﬁgbrﬁ}@ QQ)@'ghS §1[tderﬁor n%a?*:&@&iﬁ%i?e’to

i s expensive and sum n Suc
reacti on | oad. meamnge f%en??Vé‘lGé\)LPSe &4gh naktests heraspansavea t@actron

30 system am& qrdaewox& h%i'%;ﬁﬁﬂﬂiﬁ&ﬂei?r 68BdHRTIENToE t @Ble  tHIRIRDY

greatly r u0|n st. Aresu rior, art nethods of performng
COﬂVGﬂtIOﬁg q’%o R FIFHLTE n& g?flﬁggﬁgﬁt Féﬂléér tesf@rnods of

n’g:/ow ng the Perforrrance of Drilled Piers in Weak Rock"™ by R G Horvath,
Kenney, and P. Cor%rentional load tests use one or more hydraulic
jacks to apply a downward load onto the top of a
concrete~filled shaft to determine the ultimate

15 load~carrying <capacity of the wunderlying earthen
support. The downward movement of the top of the shaft
is measured wunder suitable vertical load. To

accomplish this, the jacks must react against either a
dead lcad or a heavybeam which is held down on each
20 of its ends by reaction shafts which are designed to
take an upward force. Since the load capacity of the
shafts range from hundreds to thousands of tons, and
since the required reaction load must be greater than

— the total test load, there must be either a huge pile (

25 of weights (generally concrete blocks or steel) or a
very heavy and strong reaction hold-down system. In
either case, it 1is expensive and time consuming to
build and later remove such a reaction 1load. The
inventive device eliminates the need for a reaction

30  system and shortens the time required for conducting a
test, thereby greatly reducing the cost.

A resume of some prior art methods of performing
conventional tests is found in an article entitled

35 "Methods of Improving the Performance of Drilled Piers
in Weak Rock"™ by R.G. Horvath, T.C. Kenney, and P.

4



5 : :
Kozi cki , publ i shed in the Canadian Geotechnical Journal,. Vol. 20,
1983, pages 758-772. In general, this article describes pier sockets
*illed in weak rock, which hold concrete piers. Jacks are used to 5
measure the toads ‘which the supporting rock underlying the pier nmay carry.
This article describes equi pment which requires and application of the full
amount of force exerted by the jacks to press the piers into the earth. 10
Accordingly, an object of the inventiop is to provide new and novel
means for and methods of neasuring the | oad-bearing capacity of the earth.

Eere an  obj teclt Kggloi/ekﬁ.?dUCﬁubDEsﬁQdceSuri]eq]gﬁl{@d @&dﬁ&%né—5bGeo%\é%hnt1%i§tls
y -approxi nmat e y e forces_requjire previ ously
used equi prent. S ggn &%%%! 2952 ﬁﬁ/q?d?on %ﬁ‘ ofgneral,
enbodi ment, thi sthisaca:nﬂjnd:leh&téél;mmwl (imu;r t wockets apﬁl:ladd ipﬁr web®l
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be applied insid ReAwires japd; ARRLIGREIAN o thg s TPdds ARUREOs

the plates to seferate exeritied By | théecjaoks! €0 PHiss Nthdapdetrs! iheceagls

ot her, in order L9 %g lift the shaft or to press the earth downwardly
under the shaft, BF Both. - The device may be nmade of steel, but it can also
be made of 18 r|g|d plastlc mat erial, of rubber, or of concrete At t ached

tothe device is an 'nébﬁﬁagﬁglg/ﬂ Pn' Soﬂiégnd beroded adiAldtidh 1S 1@ 39

pldré and is welded to t outs pi pe coaxl al I'y
contains the rodPEAVife wdewed and trﬁpve means for and methods of

measuring the load-bearing capacity of the earth. Here
an: object is to redui:_e- the forces required to make

15 such tests by approximately 50%, as compared with the
forces required by previously used equipment.

In keeping with an aspect of the inventioh, in one
emBodiment, this is accomplished by providing two

20 spaced, parallel circular plates having a diameter
which is either the same or is slightly smaller than

the diameter of an excavated hole, which is filled with
concrete after the plates have been positioned in the
bottom of the hole. These plates are held together at

25 their circumferences by a flexible, somewhat
bellows~-like -arrangement which enables pressure to be
applied inside the device and between the plates. This
pressure causes the plates to separate about two inches
while remaining parallel to each other, in order to

30 1lift the shaft or to press the earth downwardly under
the shaft, or both. The device may be made of steel,

but it can also be made of a rigid plastic material, of
rubber, or of concrete. Attached to the device is an
inside rod which is passed through a hole in the top

35 plate and is welded to the bottom plate. An outside
pipe coaxially contains the rod and is welded to the



3 upper plate. A fluid pressure is applied through the pipe to the
interior of the device. The fluid can be water, oil or air, er it may be a
cement grout. As the fluid pressure nakes the two plates spread away from5 -y
each-other, the forces are nmultiplied by their action in two directions,
thefeby d|V|d|ng by one-half the total anmpbunt of force that is required.

The relative positions of the rod and pi pe may be observed to detect the
anount of upper and | ower plate novenents Any 10 upward novenent of

the shaft is indicated by an upward novenent of the pipe and is a

measur ement  of yhherslgi e cthornbﬁ tberehalt iélf ¥aEbagRT thize

hol e. Any downward nmovenent of the rod is a neasure of the un erlying
eart hen supporPiPes ton the F\BFeEH‘BGdl%rﬁhetﬁﬁvéﬁﬁced%aﬂ‘é} pFaRedeat
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plates before {»beztabasf %rfC%e?‘ﬂﬁi’d ard gyi§e3ma§ Bef bBgERHRAl ¥oVigawedt ch -
is the sane as ﬁ gure rfept t hat thf H fs have been 35
forced apart: the ourlt upper an owe te movements. Any
10 upward movement of the shaft is indicated by an upward -
movement of the pipe and is a measurement of the skin 1/
friction between the shaft and the walls of the hole.
Any downward movement of the rod is a measurement of

the underlying earthen support.

15 _
In another embodiment, the spaced parallel platés
at the bottom of the shaft are replaced by a massive
piston which is sealed inside the pipe by suitable
O-rings. The piston can be pressed downwardly with
20 substantially more force because it has a much more
massive structure.
Preferred embodiments of the invention are shown .
in the attached drawings wherein: ~/
25
Figure 1 is a perspective view of a first
embodiment of the inventive device having a
bellows like expansion means;

30 Figure 2 is a cross-section view of a fragment
' of a pair of plates before they are forced apart;

Figure 3 is a fragmentary view which is the same
as Figure 2, except that the two plates have been
35 forced apart;



. .
4 Figure*4 is a disclosure of the construction of the - bottom structure

with telescoping pipes attached thereto; 5 Figure 5 has three
sfop notion wviews showing a cross-section of a hole in the earth, the
views Al lustrating the sequence of the inventive nethod; Figure 6 is a
crossssection of a hole in the 10 earth with associ at ed

i nstrunentation to measure the | oad-bearing capabilities of the earth; _
Figure 7 includes three graphs show ng t he .readi ngs which m ght
reasonably be expected 15 dependi ng upon the rel ati onship between

the bottom | oad- beari ggggpflhg 3§y 2ndikBeoskira féfCtt'h‘én ésweeacet@n of

perineter of the shaf surroundln hoIe ﬁf

is a cross- sectloﬁ"h of POtEom o KF hB ¢FcoRing bé’l%rPf
conducted on a concr eattaichield thegwte ;9 shoms an al ternative enbodi nent
using-a 25 "~ rubber casing expansion nenber, sonewhat simlar to an
aut o iIle tire casing; Figures 10 to 12 shom/ t he alternative
enbodlnent55u5|ng rubﬁﬂﬁﬁgﬁﬁﬁhgbassothrgarestep-mgtlencr%s%w%exﬁhqwing @

pi ston type expansi 0'&:‘6%%'1%&@1“1% fafrr% apbRbr dremPRdl Gt thE views
I nvention; 35 Fi.gure 14 Cross- sectlon .of the' pi ston _ of

Fig. 13, in a closed ﬁ-aéiuﬁté'ﬁt-é‘ﬁt éé'r?e(fet%’ec"ﬁ? é?ﬁjt e gnventive method;

Figure 6 is a cross-section of a hole in the
10 earth with éssociated instrumentation to measure
U the load-bearing capabilities of the earth;

Figure 7 includes three graphs showing the
readings which might reasonably be expected

15 depending upon the relationship between the bottom
load-bearing capability and the skin friction
between the perimeter of the shaft and the
surrounding hole walls;

20 Figure & is a cross—section of a second
embodiment showing tests being conducted on a
concrete shaft;

Figure 9 shows an alternative embodiment using a
25 ' ' rubber casing expansion member, somewhat similar
to an automobile tire casing;

Figures 10 to 12 show the = alternative
embodiments using rubber casings;

30
Figure 13 is a cross-section of a piston type
expansion means which forms a third embodiment of
the invention;

35 Figure 14 is a cross-section of the piston of

Fig. 13, in a closed position, attached to the end



of afpipe; Figure 15 is the same cross-section that i s shown in Fig. 14,

but with the piston extended; and 5 Figure 16 shows the instrunentation
at the top of the pipe. In one enbodiment, the basic device-used by the
10 ¢ invention conprises an expansion means in the form of ‘two spaced
paratl el circular plates 20, 22 placed one over the other, in a

face-to-face contact. Preferably, the dianeter of the plates is slightly

| ess than the dianeter of the hole. For e®anple, if these plates are 15
to be used in an earthen hole which is four feet in diameter, the dianeter

of the plates may b8faBoRiPEiree feet,

made from approxi mately one-fourth |nch steel plate. 20 In this

four-foot exanple

in dianeter,

h as a center hole which is

i nches
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ten or eleven inches and they may be

preferably triangushownstinf Fdgy. ng4,plmttesu£ﬁh the pdlstoieledaendsdeamd he

pi pe 24 agd t
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he top plate 22. A 25 ‘one-inch rod 32 passes throu
of

the pipe 24 and is welded to the center of the bottom

plate 20. This consEEﬂEEEQdélssbeys sthe i inftgumentation at hethe sdmpnhat

doughnut - shaped Sb%ekheOP ., toroidal plates 34, 36 (Fig. 2) are
pl aced between upper and [ower

exanpl e of
have an
di anet er
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plates 22, 20. In the above descri bed

two spaced parallel circular plates 20, 22 placed one
over the other, in a face-to—face contact. Preferably,
the diameter of the plates is slightly less than the
diameter of the hole. For example, if these plates are
to be used in an earthen hole which is four feet in

diameter, the diameter of the plates may be about three

feet, ten or eleven inches and they may be made from
approximately one-fourth inch steel plate.

In this four-foot exampie, the top plate 22 has
a center hole which is two inches in diameter, with a
pipe 24 welded <thereto, at 26. Three or more
preferably triangular stiffening plates 28, 30 are
welded between the pipe 24 and the top plate 22. A
one-inch rod 32 passes through the center of the
pipe 24 and is welded to the center of the bottom
plate 20. This construction is best seen in Figure 4.

_ Two other somewhat doughnut-éhaped steel or
toroidal plates 34, 36 (Fig. 2) are placed between
upper and lower plates 22, 20. In the above described
example of four-foot diameter plates 20, 22, the
plates 34, 36 may have an outside diameter
substantially equal to the diameter of the
plates 20, 22. The inside diameter of plates 34, 36
may be about three feet, four inches. Three

four-foot dianmeter plates 20, 22, the plates 34, 36 may
outsi da&n onle akibed inehnt ,anthél lbasiccgdavicet ased hBy the
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one-eighth inch dianmeter wire hoops 38, 40, 42 are positioned at t he
outsi de* periphery bet ween plates 20, 34 and 22, 36, and at the inside
peri phery between plates 34, 36. These wire hoops are welded in 5 pl ace
to pr((v‘r-de stiffneéss at 44, 46, 48. In the normal and unused conditions, as
seen ina Fig. 2, the expansion nmeans or plates 20, 22 are cl ose together,

practically in face-to-face contact.” Wen a 10 flurd is punped down
pipe 24, the plates 20, 22 are forced apartg(Fig. 3) sonmewhat simlar to
t he opening of a bell ows. The plates 34, 36 expand and the force caused

by the internal poreseighthshddchl aidiaiietdawn winre aghoopss 385 90} t 920 okhrehe
hole, testing it ‘o d-b I ng paci . Jhe u J.faorce c ed by
zgééltlolugé Eﬁ% %&ts;gg ﬂ)\g@g.g)hue \Xar di @ggw?Fﬂg

the internal pressure pushes plate 2Z uUp, thus applyi U] C
force upon anyt hiRdatesve0;t34 an§ 2%,036 iandeditst thebyingisielopawiphery

wei ght . of the congéeh€enaplatly 34he36f 0 Ophedd wibe s d¥e w&fdedOin

surrotindi ng the concrete Cylinder resisting 1ts upward venent, commonl y
called "sk?n-frPtaf@nto provide gtigfpaesonti Ad,sAG#t 4P usually only a
smal|l fraction of the skin friction. Since the pressure applied inside U

the device (i.e. between plates 20a 2\%@;5 egua iﬁr‘!l"ﬂ@.l 25 di rectionsh

the upward and downwar 8 SPFesReFRAY) BRHEFS 151005, (RS, f0€ ol

test a concrete shift By Zheéowenpansiamdmeppsi ed gilates t2f, 32 tdweshabse

requires twice theohopflel] e33alhe ctNgNts Rl £E-£80G0RE kARARS! (Hifie o
g Furthernore, this

shaft and end bear] resi st ance. ] i nvent1 on

conveni ent | ¥0and fleidj|is pumpedyt down (pépe Aastheeplates 20,572 t are
regip;st ance (skin £6+6é8 OpartoN(Fig, NTRS womidkihatof sime1aRde0 WHE 83khing
support capability_for t% bottornlge thle‘_ﬂésgsaf:‘E4 3356 ng dtelgl %en 54 !IIS force
installed in an eéft fePSHAW S50 P ' pa d the e
caused by the internal pressure pushed plate 20 down
and against the bottom of the hole, testing its
15 ioad—bearing capacity. The upward force caused by the
internal pressure pushes plate 22 up, thus applying an
upwardly acting force upon anything above it. This
force 1is resisted by the downward weight of the
concrete and by the force of the soil or rock
20 surrounding the concrete cylinder resisting its upward
movement, commonly <called "skin-friction". The
weight of the shaft is usually only a small fraction of
the skin friction. Since the pressure applied inside
b' the device (i.e. between plates 20, 22) is equal in all
' 25 directions, the upward and downward forces are always
equal. Thus, in prior art, to test a concrete shaft by
a downward load applied at the top of the shaft,
requires twice the 1load (less the weight of the
. concrete) to test the same shaft and end bearing
-30 ‘resistance. . Furthermore, this invention conveniently
and easily separates the measurement of shaft
resistance (skin friction) from the measurement of the
underlying earth support capability for the bottom of
the shaft.
35
The device 54 is installed in an earthen hole 50



7 which is drilled as shown in Fig. 5. The hole dianeter (step 1) can vary
fromabout two to about ten feet and is drilled by any conventi onal

drilling machine, to any suitable depth. The hole is nade as-:cl ean and
flat on 5 the bottom as possible. |[If the bottom of the hole can be
cl daned so that the device rests on a conpletely snooth surface, grout
may not be required. If a smooth surface is not achieved, a smal
anount of cenent grout 56 is placed in thg bottom of the hole 10 (Fig.
5, step'1l) in order to even and |level it. The inventive device is then
| ower ed '”towﬁ{kﬁxh%edri&d @35 Sthdud My ﬁ‘ﬂé" st t&*ﬁebﬁgienhﬁﬁ tep:
step 2). The inside rod out si de glpe are extended u mar y as

device is | onef®ePPnth Fﬁé W(ﬂré’ fxom saboug: tyg e @P%l?@%nﬁﬁethﬁeéded
sections of thﬁsfaﬁhm}ddpb@e aﬂ&hafbﬂmgiam h@ﬁlﬁﬂ.mﬂ'ﬁxathlhé uggdhnyt he

hol filled t I t
L ot ERTERES 20 e LRSS VEL pTanele Al Do gy ppetge
testing. Beforehethettomst asgpdssjbie. I tlapmmtatm of sthét hohedcaho

the inventive,,dey %t%edc %ko a@?éé’ ! '?:Sixe tHSv%ée ré’é@és%e aQQEPEQEgly A

neasuring the r Ss1] Img vertical
short | ength smooth ceurfaces emoveht onaye mpos@d emmufred)d 32 Ifover

which a short sgebign %r?&@é big i Sné‘ita&&?ﬂeved-rh% dayneihol @iyl CeRt ai ns
two "O' rings 62 which enabl e 3Q rod to extend above the end of

the pipe, thuSeBREPBWTPUHhe & o&%Zﬂ*%"%vé’HEEPy bateem oLt Gthebpilfe 24
wi t hout 1@akagerdg.thp fduep Mhaini or@erweto dewenpi fed 24evdd it. The "T" _

connect  on 64 12, Iadeolo G061 0LP%s Fneh CIBUETLE" 1hOS LR KR OLRS" oL
pressed firmly aga:.nst the bottom (Fig. 5, step 2).
The inside rod 32 and outside pipe 24 are extended
upwardly as the device is lowered into the hole, by
15 screwing on additional threaded sections of the rod and
pipe.

" When the grout has set (if it is used), the hole

is filled with concrete 58 in the usual manner in which

‘20 concrete shafts are filled. When the concrete has set,
.the shaft is ready for testing.

- Before the testing begins, .an apparatus is

attached to the inventive device for applying the
25 pressure and for measuring the resulting vertical
movements, as shown in Fig. 6. A short length of

rod 60 is screwed onto the exposed end of rod 32, over
which a short section of pipe 61 is attached. The
down-hole pipe contains two "O" rihgs 62 which enable

30 the rod to extend above the end of the pipe, thus
allowing the rod 32 to move freely relative to the
pipe 24 without leakage of the fluid that is pumped
down pipe 24. '

35 . A "T" connection 64 is made to the pipe, at a
convenient location. The other end of the "T" connects



8 to a pressure hose 66 leading to the punp. The pressurised
fluid s forced through hose 66 and into the system 5 Afirmy
fsi xed reference beam 68 is installed by driving or screwi ng stakes 70, 70
i ntoghe ground, on the ends of a line passing through the center of the
shaft. ' These stakes 70, 70 should be located four feet or nore from

t he concrete-filled shaft. The 10 reference beam 68 is
attached to these stakes in order to act asga fixed reference relative to
the ground surfaces for enabling mneasurenents of the vertical shaft

novenment and of tbe gndpbestup@ NRYSEERE, MBAAihGSted ¢REEr pulpdd  The
application. Pr ef eragl

digls, 72,15 and 7 ar.e capahl e of. '
measuri ng mveﬂﬁﬁ?ﬁurlfédo.%ltﬁl n&ﬁesf%‘éﬁgafj}ro%rhasﬁaﬁ e #d aint@ast
two inches of tothé syateh. Dial 72 is attached to the pipe, with the
di al '"Lt/i,p_resti ng on the upper surface of reference beam 68.  This dial
neasures the upward 20 novenent of the concrete shaft 58 as
pressure 8 applied By fimmlinvEbxede nefieranc®! beamnhés bdst cinstalbed hblye.
As the device 5 d h 58§ : 3 APA co
dial 74 with theéggﬁgagcc%tftr a§§/§gﬁgﬁ?r§ve \él%:jr@\l,\?dtj)yléé rgrlrlg 7%""%‘1?%?\ Pg
attached to the Fatee®dS BEad lingcPassings throudhy ther centemeof ofhef
rod 60 extendi ngshafelt ha@hese dta¥ed RO piTE. shduFd dbel 188ateacFolile feet

dounar§, overenll ASge POl 3B, , chHERHERLETiolle RE OO

and as the underTying sofl o Pre
applied, 10n ineference, beamh68udgls hattadBedndot theses stakes nbneoedes of

the expansion 35, JBANRLATE £A054 AbRMAd IO ¥eTERYeO £ NS PG Od
surfaces for enabling measurements of the vertical
shaft movement and of the end bearing movement, when
tested under load application. Preferably dials 72

‘15 and 74 are capable of measuring movements to
0.001 inches accuracy, over a range of at least two
inches of total travel. - Dial 72 is attached to the
pipe, with the dial tip resting on the upper surface of
reference beam 68. This dial measures the upward

20 movement of_ the concrete shaft 58 as pressure is
applied by the inventive device 54 at the bottom of the
hole. As the device 54 expands the shaft 58 moves
upward. '

25 A second dial 74 with the same accuracy and travel
is held by a frame 75 which is attached to the
reference beam. The stem of dial 74 rests on the top
of rod 60 extending from the inside of the pipe. this
dial measures the downward movement of the bottom of

30 the shaft as the load is applied and as the underlying
soil or rock deforms under load.

Pressure is applied, in -increments, through

hose 66 and the resulting movements of the expansion

35 ‘means are translated into movements of the pipe and rod
which are read from dials 72 and 74 after each
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Fig. 7 shows three ' possible load-deflection
curves. Curve A shows the case in which the end
bearing or bottom resistance is about equal to the
upward : frictional capacity of the sidewall of the
hole. Curve B shows the case in which the end bearing
is much greater than the frictional capacity of the
sidewall. Curve C shows the case in which the
frictional capacity is greater than -the end bearing.
In each of the cases of Figs. 7A, 7B or 7C the dashed
portion of the curves are portions which cannot be
measured since the shaft has already failed by either
skin friction (Fig. 7B) and or end bearing (Fig. 7C).
From. the literature, it is well known that these curves
have the shapes shown on a basis of downward load tests
on shafts.

The upward load is always equal to the downward
load active on the device 54 at the bottom. Therefore,
if a load failure occurs, whether in friction (Fig. 7A)
or in end bearing (Fig. 7C), the failure load for a
downwardly applied 1load acting on the top of the
shaft 58 1is at least twice the test- failure 1load
(allowing for the weight of the concrete in the
shaft 58).

7Ciu/



downwar dl.y applied |oad acting on the top of the 35 shaft 58 "is at
|east twice the test failure load (allowi ng for the weight of the

concrete in the shaft 58). 10 After a conpletion of the test, the
portiion of the testing system above the top of the shaft is renoved for
reuse. and the device at the bottomof the shaft is abandoned. If a cenent
grout with a retarding agent 5 Is used for the pressure fluid, it wll
harden and the device wll becone pernmanamtly fixed. Thus, the
drilled shaft can be used as a pernanent shaft to support its designed

| oad. 10 An Adtemt ayecomflettivn ofiveheéi tast| i ehe portibe of the

application of t b 0, he .sh , +}0St o] at_th
top, Dbecause tESSItgglgnggy%%?“n%g?&@eq%%% %8?> a%%eth oasg"?agfotvm%vgr gemeve
novenent of th&CBomeRfefardetBpafieving @te thaydatter cofothseshadt 1%

Itheds-hc';.tflt may Eeabaa_dodbaec]glStfﬁtatbemteﬁ&- )gfo_“ﬁt/. mgﬁdqi ré’esrdiﬁlgglagetnq_ﬁt
oad “(plus_ the, wej 0 e_concrete i.s, negeded, . as. conpared to_the
convent i onaP 'domﬂﬁa?‘&%r&)a%oﬁpﬁ#‘faegrﬁ?sf‘ﬁ@ tfgtidy 1t wilf hprAephand the
rel ati onshi p bet dewhceki wiflili cthenomeshagpermanghtly shikedi anet @husgnd wdid
beari ng shown in3EL A fol.l ow qéﬁlq)l | S_giyen f qurzfoqt
di aneter shaft iﬁgzllig'%gﬁe whlggﬁ i.ls’ {?we!g]n y tee %eslepf’l v#?ﬁm%ﬁéﬁﬁt'i%ﬁ%ts% ar
resi stance bet weEHPPREtcAkSr designed lgad.the soil (skin friction) of
2000l bs./sq. ft. (This is indicative of mediumstiff clay). A pressure
of 300 psi, is required in the device to overcone the skin friction and the
wei ght of éBncrete. #He HHIWRIYhsOS0 R adBVEBEEPRes HieSsi int o the ¢
ity Therefore thepplicatieh pofstlee L8ad7&tpsithe eivtvGherit t Ehd5GHaFS,
Thu instead of at the top, because the means for
measurement of the load-downward movement of the
bottom of the shaft and. the load-upward movement of
15 the shaft may be read directly at the top. Only half
of, the total test 1load (plus the weight of the
~concrete) is needed as compared to the conventional

downward load applied to the top.

20 From the relationship between skin friction, shaft
length, shaft diameter, and end bearing shown in
Fig. 7A, the following example is given for a four-foot
diameter ‘shaft in a hole which is twenty feet deep,
\—/ .. with an ultimate shear resistance between the concrete
25 and the soil (skin friction) of 2000lbs./sqg. ft. (This
is indicative of medium stiff clay). A pressure of
300 psi. is required in the device to overcome the skin
- friction and the weight of concrete. The shaft weighs
20 tons and requires 22 psi. to lift it. Therefore the
30 net pressure is 278 psi., equivalent to 250 tons. Thus
the ultimate downward bearing capacity is at least
500 tons. Since the testing device cannot be exactly
the same diameter as the -shaft, a calculation was made
for a 4.0 foot diameter shaft assuming the device is
35 3.8 feet in diameter. '



"the ultimte downward bearing capacity is at |east 500 tons. Since the
testi-ng device cannot be exactly the sane dianeter as the shaft, a

cal cul ation was nmade for a 4.0-foot dianeter shaft assum ng the device is
35 3.8 feet in dianeter. Anot her enbodi ment i ncl udes an expansi on
nmelpns nmade of a reinforced rubber-like bag 78 filled with sand or a fluid
mat eri al such as cement grout, oil or a mxture of cement grout” and sand or
a conbination 5 t her eof . Wth this bgg configuration, the expansion
means can be |lowered into a shaft which is enlarged or belled at the bottom

as shgwnti " F: g ﬁ-Ano?Hﬁ‘\ é@@é?ﬁ@h?stw%sowghfxﬁaaﬂont th@ﬁbag
expands to fi e ire_diapeter .o e en eqd bo m_. i1l

anot her enbodi"f?é#ﬁ ﬁnt e Fﬁ{,@ﬁ{gfﬁﬁdn@u %r?m%i Sﬁﬁ aisoplfd'ﬁ'g‘fﬁzo‘,”‘ﬁﬁ.
However, i nstszail obrt ke fikiidvwmakekdal suclaraangement 2 oul8, &4l 86, 42,
a rubberized fabgi oLeb I S ac the 15 the
neck of the ba I%%%tgggi ségegég%q&o ?ﬁghtpt)"l p%? 4%%W4Qn°%n afgéskgﬁgggggﬁ*
will expdnd, fhereohg t ithnthissubag teenfigerativeyedtsy eypanagonhe

two plates 20pekhdP@ih- be Tt ined QPShAlFNGHIIES Stk Cefi PG NS dE
the bag is 30Q to 800 psi.. and the range. Is froqm about 200"to 1200

psi. The | oadR&ltgthgatevthe E}Z’P‘h"egﬂ %goﬁﬁdei-rbf FigeeB-or tthetayvEhene
~shape and di mefmiinsishpumpedThewsicthee sinafit, &l bag eXPardsoto gomarete.
D et er, 2° cno hethe, abiSesdy GEOMe HSnrslmpEsiRL S O 50,50
an autdfbbile tire casing. The pipe 24 ends at the bottomin an
integral flange 86 ¢y hictHBRIdabddinti" 6EC S GRRn MW hdy' 8se )
two circular plates 20, 22. However, instead of the
bellows-like "arrangement 22, 38, 34, 36, 42, a
rubberized fabric bag or balloon is attached to the
15 plates and the neck of the balloon 78 is sealed to the
pipe 24. When inflated, the bag will expand, producing
the same results that are achieved by pushing the two
plates 20, 22 apart. The preferred operating pressure
range inside the bag is 300 to 800 psi. and the range
20 is f£rom about 200 to 1200 psi. '

The load-testing device 54 need not be made of
steel or to have the shape and dimensions shown. The ‘
device can also be made of concrete. In greater </

25 detail, Fig. 9 shown two cast concrete discs 80, 82
" surrounded by a heavy rubber casing 84, which is some
what similar to an automobile tire casing. The
pipe 24 ends at the bottom in an integral flange 86
"which is embedded in concrete disc 80, when it is
30 ‘cast. Likewise, the rod 32 terminates in a similar
flange 88, which is embedded in disc 82, when it is
cast. A number of spacer pins 90, 92 are embedded in
at least one of the concrete discs 80 to hold them some
minimum distance apart, such as one-quarter inch, for

35 example. '



30 cast. Li kewise, the rod 32 terninates in a similar flange 88,
which is enbedded in disc 82, when it is cast. A nunber of spacer pins
90 92 are enbedded in at |east one of the concrete discs 80 to hold them
nsﬂe M ni rum di stance apart, such as one-quarter inch, for 35 exanpl e.
nafluidis punped down the pipe 24 and into the space between the
concrete discs 80, 82, the results are the sane as described above in
connection with Fig. 3. The casing84 is an inflatable 5
rubber-1i ke doughnut which helps to contain the fluid being punped down the

pipe 24. Fig. 10 shaen 3a ﬂﬁi& i¥ t;ﬁiﬁpédvaowﬁmm n@f%e"‘@ﬂﬁha tﬂﬁco
expansi on neans i ncl ude a cementi_%et é heav ru
h

c@si ng
a simlar casin \ﬂﬁ?ﬁ?ls er¥R&Bed ?ﬂFEﬁEﬁ e &§°3fsphe§§
into the concreteswmﬁﬂxaf@ t82. samd nast descyddbed] abdver hat iconmrdtaddment

(Fig, 11), the nsi ga_negns in t for f rubper S a
sl eeve secured %Q?'h ?Eg g(?h scs b@? st réz?psg'@é]g |chgtgre%hq§1}% %g‘é
ti ght ened §OgetK@bh@rﬂlyhﬁnéqﬁﬁthDZWthh1b@lm$r&QﬂQQntﬁﬁnvehemﬁknmknt

(Fig. 12), the @eRaes Fﬁhg@l&‘#ﬁ%ea 1%bqr4 casing 102 which is generally
cylindrical nenber In place by a"pair of a hose clanps 104, 106 which

fit 20 into grooves circunferentially formed about t he

periphery of each of Filge Qa@ncrshewsli sas Sfirse. alkernathivel tdrbsdinure
al ternative enbodi nents,,,.t he obj ect of the casi

Gouchmat -1 F e adeTE iy e CoRBafRLoR meRRs Tndihde 4 PreBLAtepspE. of, 2
cause t hel®s heiasnys Bhbed?2 tasimge8dpbyt a Teimklandcabings@4owhileh is

' r‘@j“ ive devi Ce-dHiged W:EEH“?:h%“doé&?thﬁge%thﬁ@ i 93t 13ntd e e
concrete discs 80 82. In  the second alternative .
embodiment (Fig. 11), the expansion means in the form
of a heavy rubber casing 95 is a sleeve secured to the

15 discs by straps 96, 97 which are held and tightened
together by turnbuckles 102. In a third alternative
embodiment (Fig. 12), the expansion means uses a rubber
casing 102 which is generally cylindrical member held
in place by a pair of a hose clamps 104, 106 which fit

20 into grooves circumferentially formed about the
periphery of each of the concrete discs 80, 82. In
each of these three alternative embodiments, the object
of the casing is to form a doughnut-like device which
contains the fluid with sufficient force to cause the

25 . discs 80, 82 to move apart. '

To extend the use of the inventive device, the
structure and techniques shown in Figs. 13-16 may be
used for testing the load-bearing capacity of

30 concrete-filled earthen shafts which are to be driven
as piles for providing a foundation. Driven piles are
commonly used as foundations for supporting bﬁildings,
bridges  and other load~bearing structures. The piles
may be made of wood, steel, concrete, or steel shells

35 which are filled with concrete after they have been
driven into place. The piles may be driven by a single



used for testing t he | oad- beari ng capacity of 30
concrete-filled earthen shafts which are to be driven as piles for
providing a foundation. Driven piles are commonly used as foundations for 3%

supporting buildings, bridges and other |oad-bearing structures. . The
piles may be made of wood, steel, concrete, or steel shells 35 ~ which are
filled wth concrete after they have been driven into place. The piles may
be driven by a single 13 or double g@gting hamer, a diesel hamer,

or a vibratory hammer. Pile design capacities my vary from around 5
25 tons for vemwd @bhblet 0agctifgny Henmieindr eds diekeds hamm¥dier éypes of

piles and th and f ns_for very large specially designed piles. The
nost conmonl ;./‘}Jhsre% %’? e‘éa%%%rt hose which are approximately one foot in
di anet er and have | oad-bearing capacities in the range 10 of 40 to 200

tons. The inventi esf| evi | S r i C o] Eaﬁ¥pa ' ar.”
pi l es; however itﬁ‘l:ﬁ']faé bgbgggﬂr egﬂeazd‘%'a ues vmelg%]{,apé'ﬁg:gfj to t eséHr)rg}s{{i bed
comonl y5 used®Di FeBs %ﬁFs Waade P bes d&P @S cPRRY nase hurkredsef okonte

conventional geacbtNersyypes aFd p3hed aitfa (toudands LéFfeebREUESLIVER

conducting the test, ther reatly reduci ng the cost of testing. Since
t he diane?er fﬁr%9d$P$8ha§£¥egF§1§H§F|éP-eﬁhﬁ t ecﬁ@ﬁ@t%?mﬂ?nQYgPFFﬁed

shaft, the dipbhkesr aofe 28hoset ehighl| eard capproxidatiedy onet fdese saml |l er

than the di 3yEifH t | n iy Ll ed s

addition, since t %gérggg-ggé%%o%% &a?ggréggykggggﬁgffg §%£?{%$ #ﬁgﬁethe

cross- skt i orPHf 4@h&0dR00| &@nshaf (The dmpenpive stestingrdeyboei iednpbsi de .

the device tordstrict&édClo! BayUlddrBlcIGAPgilds; RASwdelt|i 2B maPypROrLi 0Ny
e

of the device Ich is attafhed o the end of a pi
of greater va

ue when applied to these most commonly
used piles. This inventive device eliminates the need
for the conventional reactive system and shortens the
15 time required for conducting the test,'thereby greatly

reducing the cost of testing.

Since the diameter of a driven pile is smaller
than the diameter of a drilled shaft, the diameter of
20 the pile testing device must be smaller than the
diameter of the testing device for the drilled shaft.
In addition, since the cross-sectional area of the pile
is smaller than the cross-section of the drilled shaft,
larger pressures. are required inside the device to N
25 reach the ultimate capacity. 1In addition, any portion
of the device which is attached to the end of a pile
before it is driven, must withstand the forces caused
by pile driving. This is unlike the test device for
drilled shafts, which nay be installed in the hole
30 after the shaft is drilled and before the concrete is
poured.

The driven pile has an expansion means 118

(Fig. 13) attached to its lower end. This device 118

35 includes a thick wall pipe 120 with a lower section
piston 122 fitted with a pair of O-ring seals in the
space between the piston 122 and cylindrical .pipe 120.

An upper section 126 is welded across the interior of

pipe 120



before it is driven, nmust withstand the forces caused by pile driving.
This is unlike the test device for drilled shafts, which nay be installed

ik’n the hole 30 - after the shaft is drilled and before the concrete is.
poure‘d‘.-_ The driven pile has an expansion neans 118 (Fig. 13) attached to
its I'ewer end., This device 118 35 includes a thick wall pipe 120 with

a |l ower section piston 122 fitted with a pair of Oring seals in the space
bet ween the piston 122 and cylindrical pipel320. An upper section 126 is
wel ded across the interior of pipe 120 14 to seal off the space 128

bet ween t he uppetosseailorfP2&hendspade 128 shetwée?, theheppéy seukiong 126

| eak- proof chanb 12 rr LNg e pi I C act_ un 1L
hydraul i c pressu%fe‘% (3"3’.[] 3385%@. ;??'Spﬂ';e%( ans?ggﬂr%gansa 1lg§%]k—i EEQ§§)
i s wel ded to thechambem 4284 syirreounddngri the 4piatpoh whdcho may t 28t cindepye

devi ce can be usegrgé8 H%Bi‘aﬁli?éspfésgh}:é& (8ugh 3800 psge)Rile, for
exarrp\r’e. The pile 130, wth "the 10 device 118 wel ded on the bottom
is then dri®en in any manner that nay be used to drive other piles on the

sane jog so that the T?éteﬂbhﬁsﬁbnf&ﬂﬁﬁﬁﬂﬂkﬁi(Eiqﬁ 1) ps|welae@dtonthee
sanme job. 15 Af t t SRVAN ,5:CO ete . Lhe.outer ,pipe 24 i.S
| owered into thebBT;_f:gr-“ar’i‘-’cef"'r s%r%/éhe iiré}g t‘ﬁ?‘éaggbi ﬁ%{]ecthlﬁg &%’pere §8§§F8n
126 (Fig. 13). The deVliece gamerbeuusedconl naayt itypedhapllegpnsuah sisape
134 so that the gutef Di By e ',_lyeggjﬂﬂ' $ . ntophhe g{iyeades 2Qien Nehe
132. The inner pi plg %r %1 32 (a%g. 14) "i's then i|;ln_sel%ted i ns| delthe out er
pi pe 24 andi0scr efevicet §18Lhwelded 'on the bottom, is then driven in any
\/ manner that may be used to drive other piles on the
same job so that the test pile is representative of all

piles used on the same job.

15 After the driving is complete, the outer pipe 24
is lowered into the pile and screwed into threaded
hole 132 upper section 126 (Fig. 13). The upper
surface of section 126 has a conical shape 134 so that

'~ the outer pipe 24 easily slides into the threaded

.20 hole 132. The inner pipe or rod 32 (Fig. 14) is then

' inserted inside the outer pipe 24 and screwed into the
threaded hole 136 in the top of the piston 122. Again,
the top surface of the piston 122 has a small conical

- ' shape 138 to guide the inner pipe or rod 32 into the

25 threaded hole 136 in the piston 122.

The pipe 130 is then filled with concrete. After
the concrete has cured sufficiently, the pile testing
can proceed. However, if the pile is a pipe pile, it

30 can be tested before being filled with concrete. With
such an unfilled pipe, more information can be found
concerning the distribution of friction along the
pile.

35 ~ Pig. 15 shows the pile testing de'vice with
' pressure applied to move the piston to a partially



t hreaded hole 136 in the top of the piston 122. Again, the top surface of
the piston 122 has a small conical shape 138 to guide the inner pipe or rod
- 32 into the 25 t hreaded hole 136 in the piston 122. The pipe 1230 is then
fir}ed with concrete. After the concrete has cured sufficiently, .the pile
tesfing can proceed. However, if the pile is a pipe pile, it 30 can be
tested before being filled with concrete. Wth such an unfilled pipe, nore
i nformation can be found concerning the dijgtribution of friction aiong the
pile. 35 Fig. 15 shows the pile testing device wth pressure

applied to novexikaadelaspesition.partially 15 extended position. At the
top of the hole, (Fig. 16), there is an apparatus for applying pressure
and for neasuring the 5 resulting vertical novenents that are described

above in connecti onaw t'bhEI g;orﬁ of |thé hhollesel (Pige 13;),| a;rrate fiklechw th
concrete, an additiona

a 140 .can be attached _t nge of _the pi.pe.-
e the 1oad i s HBAERER s, EOE AERI VARG (R ERBRRS pae Brgurang Mboien:
at both tBe topreaud.u:.lmg beertical wnloyepients rthati \are odesérxbek_ireﬂmmce
beam 141. Fr omyl heé%?_lg@ t Srid tc‘).{]eﬁg§gsgl C sp ?r g;ﬁgl NG 10£ @gggl ngcains be

cal cul at ed andt |on fhe riction T n the
pile length &9t ﬁ:?é-](-ﬁﬁ mmtledcorm:;etgct anl addigienaldidiedi k0 sran

be nore accur ttlathedd L the'tdp P the Pil éga addi ti onal rods 20
attached at several |ocations to t he insi of the pipe 130. These

additional rods extend upwardly to the surface where their novenments can be
neasuredi®i th dial As the load is applied by pumping a f£fluid down

pipe 24, there is a movement at both the top' and the d
bottom of the pipe, relative to a fixed reference
beam 141. From these movements, the elastic shortening
of the pipe can be calculated and the distribution of

15 the friction forces along the pile length can be
estimated.

The actual force distribution <can be more
accurately determined by having additional rods
20 attached at several 1locations to the inside of the
pipe 130. These additional rods extend upwardly to the
surface where their movements can be measured with dial
gages, again taken relative to the fixed reference ’
beam 141. From these measurements, incremental elastic -/
25 . shortening along the 1length of the pipe can be
calculated, from which incremental friction forces can
be estimated.

For routine testing,' the pile is preferably tested

30 “after having been filled with concrete 142 (Fig. 15).
Then the total friction can be determined from an
upward force-movement curve determined by the
pressure gage 144 (Fig. 16) and by the dial gage 146
attached to the outer pipe 24. Gage 146 has a feeler

35 prbbe 148 resting on the immovable reference beam 141
which is supported by the earth and does not move with



°. .

gages, again taken relative to the fixed reference beam 141. Fromthese
nmeasurenents, increnental elastic 25 shortening along the Ilength of
the % pe can ‘be calculated, fromwhich increnental friction forces can
be estimated. For ‘routine testing, the pile is preferably tested 30

after having been filled with concrete 142 (Fig. 15). Then the total
~friction can be determined froman upward f or ce- novement curve

det erm ned by the pressure gage 144 (kgg. 16) and by the dial gage 146
attached to the outer pipe 24. Gage 146 has a feeler 35 probe 148

resting on the pipevidde ref @a&;‘maman‘iéﬂa\Mﬂa@heﬁs Sutppoﬂiﬁ@d pypehesgarth
and does not no ge 4 attached_ t t he
pi pe 24; theref%lg%i%hg e ? a§8d14g ?FS%QG t?ﬁa ¢e2¥¥ﬁ 6?885r148
| engt hens and teoberplh® dfenmth@mntam.bpehes apounthef dievemerit gppeatsds.
Gage ;150 is sgg | It i tiagheq gt o Lral d 32
at 152. A freel y fﬁ)atl ngéf ee? %ag]éble 154 rest?aez)n%gd(;f g‘rencgﬁg’%g% 5&

If the rdd 32939®ek46up I&r 1%0@\%"—3011%@ tp geabralszodkBendt of52etréct s
to give a readlﬂﬂe@l‘ythﬂl&hﬁind-505eeleﬂ/\h§l'oﬂé1qs43l &%sl:%O ohS r8ebrehtkl ed

with 10 concrete, 140 (Fi
140 is attachegb?%mt}“u%flr ef e(rj]éi rﬁ‘%ﬁg‘aezdncﬂ‘ﬁ% f ﬂ?)ffiSle'ng%Fﬁé?Er
probe rests on pirebeée obSéf exhenﬂsp@ﬂafbtré&m dtof giseca ireadiny ngn bAkween

L aur e, oncodhar Bhe 20 wHRR | She WIS 110%s THRGKY SRia e Sien |

pressure age 14 gl ves el | en
130. By ¥fowi rePeretes rﬁﬁulﬂf@#@roﬂaﬂe ﬁa&ﬁ 14the ((!'lgt-r |1l§dt i 4% ofisefle

skin friction atege 106 iBi RRtaldRa t€o tHE r@&\é@@@kceﬁm&a@q“ ogfla ¢ee be

estmat ed. Th auge 150 asures_t he novenent of
f g ﬂ? fﬁoaéy%g feeler probe rests on the top of the

pipe 130. The difference in readings between gages 140

and 146 for any applied upward  load measured by
15 pressure gage 144 gives the -elastic change in the

length of the pipe 130. By knowing Young's modulus for

the steel, the distribution of the skin friction along

the pipe due to the upward applied 1load can be

estimated. The gaugel50 measures the movement of the
20 rod 32 and the earth beneath the shaft.

The expansion means 118 (Fig. 13) can be attached
to various types of corrugated shell piles before
— driving and then used for testing after the shell is

25  filled with concrete. The expansion means 118 can also
be used on the bottom of a precast concrete pile. For
this type of pile, a pipe which slightly larger than
the outer pipe 24 is placed in the center of the pile
before it is cast. . The outer pipe 24 can then be

30 inserted thiough this larger pipe after the pile is
driven. Also, a steel plate is cast in the bottom of
the concrete pile. The inventive device is coupled to
this steel plate before the concrete pile is driven.

35 : If the end resistance (commonly called "end
‘bearing" or "point bearing") is greater than the side



20 rod 32 and the earth beneath the shaft. The expansion neans 118 (Fig.
13) can be attached to various types of corrugated shell piles before
driving and then used for testing after the shell is 25 fitled with
copefete. The expansion neans 118 can al so be used on the bottomof a
prgz;st concrete pile. For this type of pile, a pipe which slightly larger .
than the outer pipe 24 is placed in the center of the pile before it is
cast. The outer pipe 24 can then be 30 45 inserted through this |arger
pi pe after the pile is driven. Also, a steel plate is cast in the bottom of

the concrete prbgsstalBe | Neish eV 661160 Coupked  ortBisongs! Rl e

before the concrete pile is driven. 235 _ I1f. the end resistance
(comonly cal Pade ‘%{H Bearterred,r fursher Ltori pd beaxing: sapacitinne

E i de é7f r ESSihaféCthe( mgmomyctml &d stsmnaci:%hgt,i Qh)e% additiaa can
e teste urther =1y arin cCity. .slncg the si rd.gidon is -

still acting, aﬁg“ggafit i%ﬁé edgﬁ/%b\ﬁ‘%%%f o%‘\ée ti@qu??_%d 5 ? p#ﬁegem:g ""

differenck 5 bebweeserthéiceadd bearing and tthe skkinfrimidtdion. TiMheid oad
s much small ejohRansLheghthal shffereaghafln PREISLAL ! Yo FAGEYiYn @

conventional |load tes I's | oad can be supplied by noving a crane or
ot her heavy nabfpfefy atertheesugfage t ferpia cconyentiipgailt load testy

reaction mass. vhlikerivdd vehd, Be\Osagpageat by | BsvihgCRa VE@F£ndlr b¥edther

previ ously can,be used gs. hold down |l es wth_a.reactjon beam extendi ng

bet ween t hem ahﬁagyermat‘ﬁb“{ﬁi’ 19ver fhe top of ﬁaﬁee.l’llﬁ nRB9 e BEADG: Ythe

two adj at@nt pakea rewetdppr maissately the same uplift capacity as the test

pil e which has al ready been tested in side or skin friction, the additionilj

hol d down capacity added to '
Alternatively, two adjacent piles which were

driven previously can be used as hold down piles with a
reaction beam extending between them and over the top
i5 of the test pile. Since each of the two adjacent piles
have approximately the same uplift capacity as the test
pile which has already been tested in side or skin
friction, the additional hold down capacity added to
the system is now twice the tested side friction. In
20 most cases, there is more than enough side friction in
the two adjacent piles to test the ultimate end bearing
capacity of the test pile. The additional load is much
less than the total reaction load needed to test the .
total end bearing and side friction capacity in a -/
25 conventional 1load test. The size and cost of the
reaction system to test for ultimate end bearing is
greatly reduced in the case where the end bearing is
found after the ultimaté side - friction has been
-reached. However, in most 'cases, test loads are
30 required only to prove that the design load per pile
requirements are being met. It is_ only hecessary to
test until the pile fails in either side friction or
end bearing. With either failure mode, the actual and
ultimate downward load capacity is at least twice the"
35 measured test capacity with the inventive device.



the systemis now twice the tested side friction. In 20 nost cases,
there is nore than enough side friction in the two adjacent piles to test
tthe ul timate end bearing capacity of the test pile. The additional load is
mich gess than the total reaction | oad needed to test the total end

beariwg and side friction capacity in a 25 conventional | oad

test. The size and cost of the reaction systemto test for ultinmte end
bearing is greatly reduced in the case wheregghe end bearing is found after
the ultimate side friction has been reached. However, in nost cases,

test loads. are 30 afteqirealbnl tdstinigve idat ¢dmplesed)n | catkd percipe | e
requirenents are t- negessa to_test until the

fails in either g%?e%?rl cti olnd e‘risd' r!eé/or gglgw iﬁ) &i & rleéﬁc]ew% %dg“'{ he
actual and ul ti mang depReR d dosueakipaus t \are atematesd . t wi CEhe hepBEe can
measured test ca t | Lhve :ﬁmlﬂ 18 A

t estirg S c(lgﬁrr{:\ﬁxr(aétéQQEé:'h '?g axﬁ'g%‘age zfg;rﬁlﬂl %46]%%%50 ‘I‘@Hes 1650
ref erence b&am 1&Fe-eftab theneentagt hetweemnthel pipeheandi|the

can thereafter INottdn V6£ tﬂevwimrﬁﬂﬁ/ if oh@Wr IwhféstéﬁeSthe full end
re-establish th cont act e bottom of. the

pi ston in order ardng, and h%k‘}ﬁl Eréﬁﬁlﬁéal‘c@ﬁ’dc&ﬁﬁ sth'ﬂF Magietaklished y
t hat was est abl i Hedibrecfthe tastingti ngIf al teatt e.aﬁu:adlesatteﬁaﬂ Heie tpEle

pile capacity is £X e he n .
appropriate di staér??%%lfté&anh E:é&% q’?’ﬁ‘% % %‘%ﬁ’d Pﬁen e es?ga aélnven
i nventive d&vice acanapﬁrmda&s adpetqanent furthenneintait thee enqunﬂ aamd pe

pi| e and thus beqg@s ratkstega special test pile which can be
extract ed from the ground with a conventional pul I'i ng hamrer or vibratory

The inventive device can be used as a permanent
attachment at the end of a pipe pile and thus becomes a

15 special test pile which can be extracted from the
ground with a conventional pulling hammer or vibratory
hammer. Then, the pipe pile may be re-used. The

device, attached permanently to a pipe can also be made

smaller than the inside diameter of the pile which is

20 to be tested so that it can be inserted inside a driven

pipe and attached rigidly at the top. The piston can

push a bottom plate which is tack welded to the bottom

_ of the test pile. After the testing is completed, the

— _ test device is removed and the pipe filled with
25 concrete,

The test device need not be the same diameter as
the pile to be tested. Larger diameter piles can be
tested by welding the device to a plate which is, in

30 turn, welded to the bottom of the larger pile. An
‘additional plate of the same or a slightly larger
diameter than the test pile can be attached to the
bottom of the piston.

35 In a special circumstance in which a footing is
supported by a number of piles, and when the



harmer.. Then, the pipe pi le may be re-used. The device, attached
permanently to a pipe can also be nade snaller than the inside dianmeter of

the pile which is 20 to be tested so that it can be inserted i.nside a
driyen pipe and attached rigidly at the top. The piston can push.a bottom
pl “which is tack welded to the bottomof the test pile. After the
testing is conpleted, the test device is renoved and the pipe filled with
25 concrete. The test device need not R the same dianeter as the pile
to be tested. Larger dianmeter piles can be tested by wel ding the device
to a plate whi eBah§remBntd ard UtHat"RlHEEdeb8tihng li%t.ﬁra OhttRe d e
pile. An addltlonaL plate of the sanme or a_slightly larger dianmeter than

the test pile EARVBEIgPrachRY df t BBep XYY i8Sl dhatgsit cannoy |y 4

speci al circunguppeeti Nthdi Gtrudtiid N@ti stiselppeguatedyclasenweicdl
piles, and V\/ne?fe 1 he 19 requ%r errergts ar% that the_ foofing in at~a

preci se el evat anG& Sir t e FEVELc A THE® i t°RnndE s&ﬁﬁ?rat ﬁ'né‘j‘
structure5at tHdescedbeded idfl ommmeindzily t dnataided irme eaclvemf vethe

device can bglirl%%_ed Y3 Eh? Ofé&éiﬁﬁoﬁgvehf slﬁﬁ:@igref&ity of P &tke | N

each of the pI the otlng ves sl |g of tolerance, each
pile can be hyersh i iley qarkde t Bydypuddcapdyr olﬂ‘t’lﬁ@dtdi%eaéﬂuﬁﬁe the

required positireotihg to P At Q'.@xe?*fi-equlred pos:.t:.on.
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CLAI M5 1. A device for separately neasuring the |oad-bearing capacity of
an earthen substrate at the bottomof a 5 hol e and of the skin friction
bet ween the walls of the hole and a shaft in the hole, said device

corrprié_i ng a verti'cally acting expansion neans, in use, resting flat on the
bottom of sai €, a pipe extending, in use, fromthe surface of the

earth to sai i 10 for transmtting a pressurised fluid
fromthe topi%ﬂﬁs“ﬂﬂmmm he expansi on gggans at the bottom of the hole
t her eby expan e expanston neans to transmt upwardly and downwardly
acting forces. at the top and bottom of drlprdxpansi on neans, in which said
pipe is 15 connected to the top of the expansi on nmeans, and a rod
extending, in use, .fromthe surface of the earth to the expansion neans
passes co-axial ly thRroudgviide fopesapdrasetgnmeatseding tthe Haidd+badrite
expansi on neans risi.cal v, f th | d t.he d,inresponse 20
to respective ng\?‘g’%e%t?o?g?hée‘!p?%%§§g'8nbo$?§%1gg?e€heatgxﬁé%siboér}:trroérénggbeﬁ ng
adapt ed to%be nb@der cahdeplr shel ki tfreictioncketveencther wallsl «f vtheo a
datum 2. A ¢RiiLndSa Sha'f#edn Ith&!RbTR ] salil WavGRe dHhprising a
expansi on neans conpri ses superinposed upper and | ower end plates, two
upper and | ower VARHHCAL LY AKING SPERIVSLERWBEANSyhd D |HSer refifding ofat
plates and cowiectiesl begebheloftsab@i hollenera eggps, ekliendihg, ddgeusd, the
upper annul ar plﬁate bei ng _connect e%tgb\%he ouﬁl er ed?e.go ___of .the u%) er
end plate and t F&BLt B1S eGHE8FS: 75 | Bier SRRANTN &° pFale SEPRTSASAN SN to
t he out er 18dge dort heranseitéhngplat preshurébedt htlwikpafizomn theansogpctst i n
a sinlar manney o Ghake ofod digd | Bon_mdans /e EepaELEhAE

. . ang h&e
cl &m 2, in-which _the pipe 1s connec e?i to the centre oitl tﬁe upper endﬂ
pl ate, and hole thereby expanding the expansion means to transmit

upwardly and downwardly acting forces. at the top and
" bottom of the expansion means, in which said pipe is
15 connected to the top of the expansion means, and a rod

extghding, in use, from the surface of the earth to the
expansiOn means passes co-axially through the pipe and
is connecfed to the bottom of the expansion means,
vertical movements of the pipe and the rod in response
20 to respective movements of the top and bottom of the
expansion means being adapted to be measured separately

at the surface of the earth relative to a datum.
— 2. A device as claimed in claim 1, in which the
25 ° expansion means comprises superimposed upper and lower
end plates, two upper and lower annular plates disposed
between the - upper and lower plates and connected
together at their inner edges, the outer edge of the
upper annular plate being connectéd to the outer edge
30 of the upper end plate and the outer edge of the lower
annular plate being connected to the outer edge of the
lower end plate, whereby the expansion means acts in a

similar manner to that of a bellows.

35 3. A ‘device as claimed in claim 2, in which the pipe
is connected to the centre of the upper end plate, and



21 the rod is connected to the centre of the |lower end plate. 4. A devi ce
as claimed in cIdTﬁT3‘+ﬂ~uhLQn~g§§;;V5 associated wth rsaid rod at
the top of said det erm ne enent of said rod. 5. -A -device as
claifmed in clain1 ‘mmr expansi on nmeans conprises a pair of
spaced parallel 10 = peripherally surrounded by a heavy

el astic jacket, said jacket beﬁng seal ed to the peripheries of ‘said discs
thus defining an expansion space betweerpjsaid discs. 15 6. A device
as claimed inclaiml in which said expansion nmeans conprises an elastic
bag attached Eﬁet heo®nd sof cbhfePtO8 WET ¥ tdtntvd UBR OfhSahdwl20 end

I ncreases to f a space at the bottom of said shaft, regardl ess of the
geonetry of th& §pace 20 7. A device as clained in claiml in

whi ch sai d expansi on neans conprises a heavy duty piston inside a
cylinder, saig expans an be ached end of, a driven |Ie
25 8. A degl ce i hg{} ?Iéma %f%@%% t}} \%ﬁi i'h% saf'd %§b3ﬁ3|'5?1a ;
conpriseb sai QSBeav-ylt@dt y wditdt osaidai adody| atdethendteap | efistsabd Owlaﬂg
seal ing an Ouh@t@‘i—mﬁ?ﬂé' Hﬁ‘ﬁfe\{néfﬁ Qﬁcgﬂdst lo the inside periphery of 30
said cylinder. 9. A devi ce separat ‘measuring the | oad-bearing
capacity of an earthen strata at the botton1of a hole and the skin friction

between a shabt, ang thevwaJé efs 351a1mea eamnt henahfl @, $al dwﬂﬂé’hcesaz.d
conpri sing upger and | ower sgaccom Barallel expansion _neans

t hei r Xpansion mean lses a pair o space péglnlel
10 . cement discs peripherally surrounded by a heavy elastic ..
jacket, said jacket being sealed to the peripheries of \uj

said discs thus defining an expansion space between

at

said discs.

15 6. A device as claimed in claim 1 in which said

expansion means comprises an elastic bag attached to

the end of the pipe whereby the volume of said bag
increases to fill a space at the bottom of said shaft,

: regardless of the geometry of said space.

20
7. A device as claimed in claim 1 in which said
expansion means comprises a heavy duty piston inside a
eylindery said expansion means being attached to the o
‘end of a driven pile. v/

25 '

8. A device as claimed in claim 7 in which said
expansion means comprises said heavy duty piston, said
cylinder and at least one O-ring sealing an outside
periphery of said piston to the inside periphery of

30 said cylinder.

9. A device for separately measuring the load-bearing
capacity of an earthen strata at the bottom of a hole
and the skin friction between a shaft and the wall of
35 an earthen hole, said device comprising upper and lower
spaced parallel expénsion means joined at their



22 peripheries to enable said expansion, whereby said expansion
means . nay nove - apart responsive to a pressurisation of the space

bet weep sai d upper_and | ower. expansi on neans, neans for |owering said

devi ce\5" tolie flat on the bottom of said hole, said | owering neans

I ncludi ng a coaxi al|[ endi ng, in use, fromthe upper surfaces
of said upper and IIMﬁWIMQIﬂ"Mans respectively, to the surface of the
earth, nmeans for trahsifittin as pressurised2fluid from 10 the top of the

hol e through the pipe to the space between the upper and | ower expansion
means at the bperdphetieke holeenahld psaiﬂurbxednbﬁuhd ewharébyy saiid

expansi on eanse,BadJBANS dfQind AR NGy URT oY RS Bl IR PI RS 1Q

measur e sklnfrlc I on, and |
responsive to prﬁésexp§n§nen mﬁfchtbecu$§amerb%tfée¢m uishrid tuppe @ndd

into, said expagwken exmon SAklns{O\WRE gl f@vqmrlwsgawgaence

under"‘Vyl ng_support .ca Opi ities, said ugward m)veraa(r}_‘ sai d _pi.pe and said
downwar d nmvenehP (}f"eg at song they PREFgRa84piaat %ene§§biie&°§’€§&F’§t ely
at the surface metahbe FreIvdimd ati wodxial dpipe 404 Tod dextemdirsggl dinred
n claimo wherglp sadyexRRRs! GLAPang acludes, saasad Balal | shaphalgy 0

the 25 form of fwo cast concrete discS, said pipe fat i ng at Its
bottomin a fl apypapstotidetieanst heesmtlmby. cdrxr &he dsvrfacai df okhe

terminating in gatkANUGeyHIPIfe kRahlilk@isly AShrEQUGEELEs FERDY Wom

normal Iy hol din sai d I SCS- a _m.ninum apart
flexible hBans $hProtPRi R t HbSpehPRer fhEPuFhe %h%cé’-‘-z&?d t@al e t GRAsE

peripheries of beewdenCSth8Usupieds NidHa auoeﬁe&anékganehaﬂbexhesséww teh
di S¢s. bottom of the hole, said pressurised fluid expanding
said expansion means, and means for measuring upward
movement of the pipe to measure skin ffiction, and
15 downward movement of <the . rod responsive to the
| expansion which occurs when the fluid is transmitted
into said expansion means, said downward movement
measuring underlying support capabilities, said upward
movement of said pipe and said downward movement of
20 said rod being adapted to be measured separately at the
surface of the earth relative to a datum.

10. The device as claimed in claim 9 wherein said

o ' expansion means includes spaced parallel plates in the

25 form of two cast concréte_discs, said pipe terminating

at its bottom in a flange embedded in the upper ‘cast

concrete disc, said rod terminating in a flange

embedded in the lower cast concrete, means for normally

holding said discs a minimum distance apart, and

30 flexible means surrounding the periphery of the discs

- and sealed to the peripheries of the discs thus
defining ‘an expansion chamber between the discs.

11. The device as . claimed in claim 10 wherein said
35 flexible means is a rubber-like annular member having a



11. The device as clainmed in claim10 wherein said 35 fl exi bl e nmeans
is a rubber-tHke-annutar _menber having a 23 U shaped Cross-section

W th t he circ [ periphery of said concrete discs-enbraced with %
the{"u . 12. HE g\ ‘clained in claimi10-wherein  said 5. '
fl exi bl e nea r-+1 ke sl eeve extendi'ng across the gap between the

di scs, the sleeve having a U shaped cross-section, the open ends of the "U'
being cast into the concrete discs. 10 2313. The device as clainmed in
claim 10 wherein said flexible neans is a rubber-1like sleeve extending

across the gaghapria\eercréde~séteion andithavi e a disd@PPérential
Ccross-secti on,

i d s) hej ng_hel d i n_pl ity . t
Which are PeriBlentest apidsbntudhe, sitacR entiscdd i the i ot o red

in claim13 wherein said sleeve is held in place by circunferential clanps

around the pghlphaie Ohe®dtl OhsSatfafhss: &P tlaid 1o NGfeRLiRCPALAEC! T,
measuring skin friction and the supportrng capathy of an under| ying *
ear t hen3ar ea f1exidlectmeans obdr fs irﬁgbﬁlﬂfels-ﬂ(@p§1<ﬁe.VEZBEXtel(@)ng farrosy a

hol e in the eae jad MethéshNEha WEEbsGakhe Aldd@ NRATR] A rfteé*ﬂé?é& rest
flat on the bottomof the hole wth a pipe ex&ggd;qg fromthe surface of
the earth toSTRS§-Fection, thg apen gndge9fs they U baidg 93¢y 1ato
pressuri sed fthe ¢dncxeteh@disys.of the shaft to the expansion nmeans at the
bottom of the hole, said pipe being connected to the top of the expansion
means, and a _rod extending fromthe surface of the earth 35 t hr ough

t he pi p@ andl@onnSfecddeyicee BsSttohabhed in claim 10 wherein said _
flexible means is a rubber-like sleeve extending across )

the gap between the discs and having a U-shaped ~
cross~-section, said sleeve being held in place by a
plurality of straps which are tightened by
15 turnbuckles. '
14. The device as claimed in claim 13 wherein said
sleeve 1is held in place by circumferential clamps
around the periphery of each of said disc.
20 '
15. A method of separately measuring skin friction and
the supporting capacity of an underlying earthen area,
said method comprising the steps of: o
. : s
25 (a) forming a hole in the earth;
(b) placing a vertically acting expansion means to
rest flat on the bottom of the hole, with a pipe
extending from the surface of the earth to said
30 expansion means for transmitting a pressurised
fluid from the top of the shaft to the expansion
means at the bottom of the hole, said pipe being
connected to the top of the expansion means, and a
rod extending from the surface of the earth
35 through the pipe and connected to the bottom of

the expansion means;



t he: expansi on neans; 24 (c) positioning a shaft 1in said hole and over
sai d expansion neans; (d) punping a fluid through the pipe and into the 5
Gonfln d spa nsi on nmeans, whereby said confined space is
for ced to Opqalmﬂﬁl“a“mmmm“ ng separately at the surface of the earth
any upward not+ ore oft t Me pi p¢ and any downward 10 notion of the rod
relative to a datum 16. The met hod as clainmed in claim215 and the added
step-of securing a reference beam over saigghol e i ndependently of the

equi pnrent in the hole, and nmeans 15 for conducting said neasurenents by
observi ng novental s pésitioning andshaifd pipe sxidt hodet candi dveaf esange
beam 17. A device T%ﬁp%ﬁéiéﬂgmégﬁsload bearing capacity of 20 a shaft
in the earth, sai evice conpfising an expansion neans consisting of
an inflatabl e nenber, nmeans for |lowering said device to lie on the bottom
of said shaft, gajd i:@hi\ﬁihﬁg areem%ﬂawcm%n ha EH@XI@ip&I Réh@Ndnited the

ext endi ng ron1sa|d e Nsi Qn neans, . ei ng connected to the
top of the’expansion® ﬂggHEe nEPQSFdWF ll?el (ﬁ#%é&ﬁ%&Pt%@?%%'bHFFSﬁPBf

sai d expansi on neanssaj@acsnfbnedr apaset ikngoncpdessucpens &haid fromthe
top of the shaft at the surface of the earth, through the pipe, into said
expansi on neans, 30 sai d pressurised fluid expandi ng sai d expansi on
means, neans fofeheaweaswyingpaepasiatedly tat divef sswerfice hofeatheh epmshd
novenent of the pipe ;‘9 W(f s o | §E Ohe a?qggommr %'ﬁpmﬁ E&a% t he

rod relative to a datun1an responsive to ansi o occurs
when t he }¢u|d motion of the rod relative to a datum.

(O

16. The method as claimed in claim 15 and the added
step of securing a reference beam over said hole
independently of the equipment in the hole, and means

15 for conducting said measurements by observing movements
of said rod and said pipe relative to said reference
beam.

17. A device for testing the load bearing capacity of

20 a shaft in the earth, said device comprising an

expansion means consisting of an inflatable member,

means for lowering said device to lie on the bottom of

said shaft, said lowering means including a coaxial

pipe and rod extending from said expansion means, said

25 pipe being connected to_the'tqp of the expansion means

and said rod being connected to the bottom of said

expansion means, means for transmitting a pressurised

fluid from the top of the shaft at the surface of the

earth, through the pipe, into said expansion means,

30 said pressurised fluid_expanding said expansion means,

means for measuring separately at the surface of the
earth _ _ _

upward movement of the pipe to measure skin friction,

. and downward movement of the rod relative to a datum and

35 responsive to the expansion which occurs when the fluid
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19. A device for separately measuring the load-bearing
capacity of an earthen substrate at the bottom of a
hole’ and the skin friction between the walls of the
hole and a shaft in the hole substantially as described
herein with reference to and as illustrated in Figure 8
of the accompanying drawings.

20. A device for separately measuring the load-bearing
capacity of an earthen substrate at the bottom of a
hole and the skin friction between the walls of the
hole and a shaft in the hole substantially as described
herein with reference to and as illustrated in Figure 9
of the accompanying drawings.

21. A device for separately measuring the load-bearing
capacity of an earthen substrate at the bottom of a
hole and the skin friction between the walls of the
hole and a shaft in the hole substantially as described

herein with reference to and as illustrated in

Figures 10 to 12 of the accompanying drawings.

22. A device for separately measuring the load-bearing
capacity of 'an earthen substré_'te at the bottom of a
hole and the skin friction between the walls of the
hole and a shaft in the hole substantially as described

substrate "at the botton1o€?a hol e and

o



26 hereln with reference tp and as illustrated |n Fi gures 13 to 16 of the
?cconpanylng drawi ngs. 5 10 15 20 25 30 35

e A T

26

herein with reference to and as illustrated in
Figures 13 to 16 of the accompanying drawings.

10

15

20

30

35



