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Water H. Ceibi, Pert Caesar, N.Y. 
{NGriia St., Greenawich, Cena.) 

Eiigi Mar. 23, 1960, Ser. No. 17,337 
8 Clairas. (C. 6-53.72) 

This invention relates to mandreis for drivilig thin 
walled pile shells and, more particularly, to pneu Islatic ex 
pansible mandrels for driving such shells. 

Pile she is of the type herein involved are tubular, cylin 
drical containers formed from a relatively light galge 
metal and are usually provided with corrugations which 
extend spirally along the length of the shell. Such shells 
are driven into the ground to a strata having Suficient 
load bearing capacity and, thereafter, are filled with coin 
crete to form, what is generally known as, a cast-in-place 
pile. Before the shell is driven, one end is closed by a 
cap or boot and the shell is driven from its open end 
with a hammer, the shell, as it is driven into the grouild, 
displacing the ground in sufficient volume to accommodate 
the shell. For example, a twelve inch diameter shell used 
extensively, displaces almost eight-tenths of a cubic foot 
of material for each linear foot of shell driven. 
Due to the gauge of the metal, the walls of pile shel 

are of insufficient strength to withstand driving force 
aid, hence, a mandrei is used for driving. The maindrel 
is inserted into the shell before driving and extends iron 
the lower, or closed end of the shell, upward beyond the 
upper or open end. Intermediate its top and bottom and 
extending axially along the mandrel, at least for Substain 
tially the full length of the shell, the mandrei is usually 
provided with a plurality of arcuate members or segre:hts 
adapted to engage opposite inner walls of the shell. On 
their outer arcuate surfaces, these segments Inay be pre 
vided with ribs or bars, positioned to fit into the shei 
corrugations. During driving, the blows or impacts of 
the driving hammer are imparted to the mandrei at its 
top above the open end of the shell, driving the maindrei 
and shell into the ground, the segments Supporting and 
reinforcing the shell wall. 
As mentioned above, as the mandrel and shell are 

driven for each unit of penetration a certain volune of 
material must be displaced. This displacement takes 
place at the driven or closed end of the shell where, 
through the driving forces, material is forced cut of the 
way of the advancing shell. The pressures created in 
displacing this material form a ball or bulb of pressure 
around the closed end of the shell. These pressures Sir 
rounding the lower end of the shell wiii, for purposes of 
convenience, be referred to herein as displacement pres 
SeS. 

The characteristics and magnitude of the displacement 
pressure depend on the material into which the shell is 
driven. Thus, when driving through icose fill or Sandy 
granular Faaterial and the like, the material is readily 
compacted and results in only norminal displacement pres 
sures against the lower end of the shell which are readily 
sustained by the closed end of the shell reinforced by the 
maridrei. However, in cohesive soils, such as hard clays 
and the like, the material is rich incre difficult to dis 
place and displacement pressures ca: be substantial, evera 
exceeding the strength of the rinaridrei reinfoiced shei 
and result in collapse of the shell at its lower end and 
the squeezing togetiher of the mandrei. Once the shell 
is collapsed, the shell seizes or sticks the mandrel, making 
removal cf the finandrel difficult. In many instances where 
the mandrel is stuck, the mandrel canilot be reinoved 
in the icraal manner and it is necessary to hanner or 
bump the maindrei out of the she or bump out the nail 
drel and shell together. in addition to being costly in 
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both time and labor, this operatien can, and often does, 
result in damage to the shell and mandrei. 
Since the displaceinent pressure emanates from the ad 

vancing pile shell, the magnitude of the pressure and its 
duration, to a large extent, depends on the compressibility 
of the material into which the shell is driven and the 
compressibility of the adjacent material. Thus, where 
driving is in loose fill or sandy granular material, displace 
Inent pressures are readily absorbed and equalized in the 
material Surrounding the pile tip and only small incre 
ments of displacement pressures are sustained for any 
length of time by the lower end of the sheil. In other 
materials, Slich as cohesive soils, the surrounding materials 
are relatively sidy in absorbing and equalizing displace 
inent pressures and some time may lapse before the dis 
plateriaeli pressures are equalized. Thus, in this latter 
material, at the time of driving, a relatively high displace 
ment pressure may occur which is slowly absorbed and 
equalized in the surrounding material. Thus, relatively 
high displacement pressure against the lower end of the 
shell may continue after driving is completed and slowly 
decrease after driving as the pressure equalizes with the 
Surrounding material. While the shell, reinforced by the 
eXpanded mandrei, may be of sufficient strength to with 
stand this high displacement pressure without collapsing, 
the strength of the sheli standing alone may be marginal 
and, if the mandrel is removed too soon after driving, 
the tip or iower end of the empty shell may subsequently 
collapse. Such a shell, of course, cannot be used and, 
hence is a complete loss. 

it is aii object of the present invention to provide an 
is a proved pile driving mandrei. 

It is a further object of the invention to provide a pile 
driving maildrel in which a supplemental actuator is pro 
vided at the icwer or tip end of the maindrel to reinforce 
the lower end, during driving, against forces tending to 
collapse the mandrel. 
A still further object is to provide an improved pneu 

matically expansible mandrei in which the lower or tip 
end of the mandrei is held at the expanded position during 
driving against forces tending to collapse the mandrel 
by a mechanisia independent of the operator. 

Stili a further object is to provide an improved pneu 
natically expansible mandrel wherein the axial alignment 
ef the handrei in the shell may be maintained throughout 
driving irrespective of increases in pressure at the tip or 
lower end of the shell. 
A still further object is to provide a mechanism for 

inaintaining the lower end of a mandrel in its expanded 
position against displacement pressures of driving. 

These and other objects of the invention will be ap 
parent from the description and accompanying drawings, 
in which: 

FiG. 1 is a longitudinal Sectional view of the device of 
the invention and showing part of the actuating mecha 
nisin diagrammatically in inflated position; 
Fig. 2 is a longitudinal view taken along the line 2-2 

of iFIS. 1 showing the pressure container and face of 
one of the Tandrel segments in inflated position; 

FIG. 3 is a transverse sectional view taken along the 
line 3-3 of Fi{3. 1; 

Fig. 4 is a transverse sectional view taken along the 
line 4-4 of FiG. 1; 

FiG. 5 is a transverse sectional view taken along the 
line 5-5 of FG. I; and 

FiG. 6 is an enlarged sectional view of the lower end 
of the device of Fig. 1. 

in U.S. patent application Serial No. 522,909, now 
Patent No. 2,990,688, there is shown and described a 
prietinatically expansible mandrel having oppositely dis 
posed ieaves or Segiments extending axially of the mandrel. 
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Each of the segments include an outer arcuate piate for 
engaging the inner wall of a pile shell and an inner fiat 
plate joined at its opposite ends to the ends of the arcui 
ate outer plate to form a chord therebetween. The leaves 
or segments are positioned with their flat piates facing 
each other along the longitudinal axis of the mandrel 
and a pneumatically inflatable pressure container is posi 
tioned between the oppositely facing flat plates. 

In its collapsed or retracted position, the leaves or 
segments of the mandrel are held inwardly toward the 
axis of the mandrel by springs. When the pressure con 
tainer is inflated, the inflated pressure container forces 
the leaves or segments outwardly compressing the springs. 

. On deflation of the pressure container the compressed 
Springs return the segments inwardly toward the axis of 
the mandrel. Thus, the mandrel is inserted in a shell 
with the segments contracted and, when in position in the 
shell, pneumatic pressure is introduced into the pressure 
container forcing the segments outward into engagement 
with the inner wall of the shell, engaging the mandrel 
and shell for driving. After the shell has been driven the 
pneumatic pressure in the container is released, the springs 
return the segments inwardly out of engagement with the 
inner wall of the shell, thereby allowing withdrawal of 
the mandrel from the shell. 
The oppositely disposed flat plates and the pneumatic 

pressure container extend substantially the full length 
of the mandrel. Thus, when the mandrel is expanded, a 
uniform outward force is distributed along the axial 
length of the shell by the expanded mandrel segments. 
Since the shell is cylindrical, when the mandrel is expanded 
the segments are substantially parallel. Hence, as the 
mandrel is driven, the driving forces are distributed by 
the mandrel leaves substantially uniformly along the shell. 
While a uniform outward force on the shell is desir 

able and aids driving of thin-walled pile shells, the inward 
pressures against the shell and mandrel during driving are 
not uniform. Due to displacement pressure at its lower 
end, a substantial differential in inward pressures of the 
shell against the mandrel may develop during driving. 
Thus, the inward pressure of the shell at its lower end 
may be substantially greater than the inward pressure 
at the top of the shell. This differential in inward pres 
sure may become so great that the bottom or lower end 
of the shell may be forced inwardiy, forcing the lower 
end of the segments inward, and result in an outward 
deflection or spreading of the segments at the upper end 
of the shell. Thus, instead of being parallel, the seg 
ments assume a W position, forming a wedge which, 
as the shell is driven, results in further collapse of the 
shell and mandrel at the lower end of the mandrel. As 
driving continues with the mandrel collapsed at its lower 
end, the shell and mandrel become further interlocked, 
seizing the mandrel. Once the shell collapses, the man 
drel cannot be removed in the normal manner and must : 
be bumped or driven upward together with the shell. 
This, of course, delays the driving operations and results 
in damage to the shell and often to the mandrel. 

In the improved mandrel of the instant invention, 
means are provided at the lower end of the mandrel to 
maintain the initial parallel alignment of the mandrel 
Segments throughout the driving operation and prevent 
the inward pressures against the shell from collapsing the 
lower end of the shelli. In addition to the pneumatic 
actuator which is operative to engage the segments with 
the inner walls of the shell, an auxiliary expansible 
means, operated independent of the pneumatic expansible 
actuator, is positioned adjacent the lower end of the 
mandrel. The nandrel is inserted in the shell in the 
customary manner and is expanded by the pneumatic 
eXpansible actuator and, after the mandrel is expanded, 
the auxiliary actuator is operated to hold the lower end 
of the segments in their expanded position. Thus, as 
displacement pressures build up at the lower end of the 
shell, the lower end of the mandrel is supported by the 
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4. 
auxiliary actuator to maintain the parallel alignment of 
the mandrel segments and prevent the shell from collaps 
ing inward. 

Referring now to the attached drawings illustrating 
an embodiment of the invention, in FIG. 1 there is showin 
a corrugated shell 2 closed at its bottom end by cap 4. 
which may be welded or otherwise suitably attached to 
the shell. A mandrel having leaves or segments, gen 
erally indicated 6, 8, is positioned in shell 2 with its 
bottom or lower end in engagement with cap 4. At their 
upper ends, segments 6, 8 extend outwardly beyond the 
upper end of shell 2 and are provided with suitable aper 
tures 8, 2 for attachment to the driving hammer mech 
anism (not shown). 
A pressure container 4, closed at its lower end by a 

plug 6 and connected at its upper end by hose i3 to a 
source of compressed air (not shown) is disposed inter 
mediate segments 6, 8 and is supported on one of the 
segments by a plurality of supports 29 welded or other 
wise suitably attached to one of the segments. 

Segments 6, 8 are each semicylindrical, having an 
outer arcuate surface engageable with the inner wall of 
shell 2 and an inner fiat surface engageable with pressure 
container 14. The segments may be formed as a solid 
unit or, as shown in the attached drawings, may be formed 
from a plurality of castings 22, 24, 26 interconnected 
by plates 30, 32 welded or otherwise attached to the 
respective casting. 

In the attached drawings three such castings are shown 
which, for purposes of convenience, are identified as 
upper casting 22, intermediate casting 24, and lower cast 
ing 26. Since it is customary to fabricate mandrels in 
various lengths, depending upon the length of pile shell 
to be driven, it is to be understood that, in shorter man 
drels, the intermediate casting 24 may be omitted and, 
in longer mandrels, a plurality of intermediate castings 
24 may be employed. For ease and convenience in manu 
facture, it is preferred to fabricate the mandrel in incre 
ments of 20 foct length. Thus, mandrels are fabricated 
to drive shells up to 20 feet, 40 feet, 60 feet, etc. A 
mandrel for driving a 20 foot pile shell would include 
only the upper casting 22 and lower casting 26, the cast 
ings being joined by plates 30, 32. In a mandrel for 
driving shells 40 feet long, the three castings, as shown 
in the attached drawings, would be employed, while in 
a mandrel for driving 60 foot shells the upper casting 
22, lower casting 26 and two intermediate castings 24 
would be employed. in longer maindrels, additional 
intermediate castings would be used. 

Segments 6, 8 are provided with aligned apertures 33 
spaced in pairs along the length of the mandrel, the aper 
tures 33 being positioned at opposite sides of pressure 
container 4. A pin 34, provided at its opposite ends with 
heads 36, is positioned in each of the apertures 33. 
Springs 33 are carried at the opposite ends of pin 34 and 
are seated at one end on head 36 and, at the opposite end, 
on a seat provided on plate 32 in aperture 33. Pins 34 
maintain segments 6, 8 in transverse alignment, springs 
38 returning the segments to their collapsed position when 
pressure container 4 is deflated. A second series of 
aligned apertures 46 passing transversely through the 
mandrel may also be provided at spaced points along the 
mandrel, each of the apertures containing a pin 42. Pins 
42 are held positioned in apertures 46 by a plug 44 fitted 
in the opposite ends of the apertures. While only one 
set of pins 34 and one set of pins 42 are shown in the 
attached drawings, it is to be understood that, in actual 
practice, a plurality of such pins are employed, the pins 
being Spaced in pairs axially along the mandrel. 

Referring now to FIG. 3, the upper casting 22 is 
formed with an outer arcuate surface 46 and an inner fiat 
surface 48, the flat surface 48 joining the ends of arcuate 
surface 46 forming a chord therebetween. At its opposite 
ends, flat surface 48 is provided with abutments 50, 52 for 
purposes more clearly pointed out hereinafter. Each of 
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the upper castings 22 is formed with a cavity 54 to ac 
commodate support 20 and the connection of pressure 
container 4 to hose 18. 

Castings 24 and 26 are formed similar to casting 22 
and are each provided with cuter arcuate surfaces, inner 
fiat Surfaces, cavities to accommodate the pressure con 
tainer Supports and, at their opposite ends, the flat sur 
faces are provided with stops similar to those on casting 
22 in if G. 3. As best shown in FIGS. 4 and 5, arcuate 
plate 33 is joined adjacent its opposite ends by a plate 32, 
the opposite ends of plate 30 extending beyond plate 32 to 
form steps 66, 62. Intermediate its ends, plate 32 is pro 
vided with a seat 64 engageable by pressure container 14. 

Referring now to FIGS. 1 and 6, cylinder 70 is fixed in 
casting 26 of segment 6 and is held by a split ring 72 
seated in a groove 74 formed in cylinder 70, ring 72 being 
connected to casting 26 by screws 76. Piston and piston 
rod 78 is operatively disposed in cylinder 70, piston and 
piston red 78 being operable to engage a seat formed in 
the oppositely disposed casting 25. Cylinder '76 is coin 
nected by hydraulic conduit 80 to pumps 82, 84, and gauge 
86. Valves 33, 90 are positioned in conduit 89 inter 
mediate cylinder 7 and pumps 82, 84. Conduit 89 ex 
tends upwardly along the inner face of segment 86 and is 
fixed thereto by clips 92. 
As illustrated in the attached drawings, the mandrel 

is expanded, pressure container 4 being inflated and 
segments 6, 8 being in contact with the inner wall of 
shell 2. Thus, the mandrel is in pcsition to drive the 
shell. Piston and piston rod 78 is extended in cylinder 
79 and is in contact with casting 26 of the oppositely 
disposed segment 8. After the shell has been driven, pres 
Sure container 4 is deflated, piston and piston rod 78 is 
withdrawn, and segments 6, 8 are retracted by springs 34. 
The mandrel may then be withdrawn from the shell. 

in operaticin, the collapsed mandrei is inserted in a 
shell with the lower end of the mandrel in contact with 
boot 4. With the maindrel in position in the shell, pres 
Sure container 4 is inflated moving segments 6, 8 out 
ward into engagement with the inner wall of the shell. 
The pressure container is fully inflated, that is, the in 
flating pressure intended for driving is introduced into 
preSS:re container 4. In practice, this pressure may be 
100 to 125 p.s. i. or higher. With pressure container 4 
fully inflated, the outer arcuate surfaces of segments 6, 8 
are in firm contact with the opposite inner walls of the 
shell, segments 6, 8 being in spaced substantially parallel 
alignment in the shell. 

After pressure container A4 has been fully inflated and 
segments 6, 8 are in firm contact with the inner walls of 
the shell, valve 88 is opened and valve 90 remains closed. 
With valve 38 open, pump 82 is actuated, forcing hy 
draulic fluid through conduit 80 into cylinder 70 moving 
piston and piston rod 78 outward until piston rod 78 con 
tacts segment 3. Once piston rod 78 is in firm contact 
with Segment 8, as indicated by a pressure reading on 
gai!ge 85, Valve 88 is closed. 

Cince segments 6, 8 are expanded and brought into con 
tact with the inner wall of the shell by the inflation of 
pressure container 4, the alignment of the segments 
axially along the shell walls for driving has been estab 
lished and it is not desirable to disturb this alignment. 
Hence, in actuating piston rod 78, only sufficient pres 
sure is Supplied to cylinder 70 to move piston and piston 
rod 78 into firm contact with the opposing segment. A 
pressure reading of about 10 p.s. i. on gauge 86 is suffi 
cient to indicate firm contact. When this pressure is 
reached valve 88 is closed. 
With the mandrel expanded in the shell and piston rod 

78 in contact with the opposing segment, the shell and 
maindrel are driven. As displacement pressures occur 
at the lower end of the shell during driving, piston rod 78 
maintains the spacing of the segments, preventing the 
hell from collapsing and seizing the mandrel. Thus, 
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throughout driving, parallel alignment of the mandrel 
segments is maintained. 

in addition to maintaining the alignment of the seg 
ments during driving, piston 70 and piston rod 78 also 
serve as an indicator of conditions during driving at the 
lower end of the mandrei. As displacement pressures 
increase or decrease during driving corresponding in 
creases and decreases can be observed on gauge 86. 
Thus, during normal driving, as the displacement pres 
sure increases at the lower end of the mandrel, the in 
crease in pressure on the mandrel at the bottom of the 
shell will be transmitted through the hydraulic fuid in 
conduit 83 to gauge 36 and will result in an increase in 
the reading on the gauge. If, during driving, the lower 
end of the mandrel is driven into the vicinity of a 
boulder, displacement pressures increase rapidly due to the 
inability of the boulder to absorb displacement pressures. 
Hence, by observing gauge 85, a rapid increase in dis 
placement pressure will be noted. Once the mandrel 
tip has been driven past the boulder, displacement pres 
sures will be more rapidly absorbed in the surrounding 
material and a decrease in the reading on gauge 86 will 
be noted. Thus, by observing the rapid increase and 
sudden decrease in gauge readings during driving, it is 
possible to detect the presence of boulders and other in 
compressible materials. 
As aforestated, in moist clays relatively high displace 

ment pressures may be encountered which pressures are 
slowly absorbed and equalized in the surrounding clay. 
While the Inandrel reinforced shell is of sufficient strength 
to withstand these pressures and stand open, if the 
mandrel is removed from the shell before a sufficient 
portion of these pressures has been absorbed, the shell 
may collapse. This is particularly true in the instant in 
wention where the lower end of the segments are locked 
in the expanded position. By maintaining the mandrel 
in its expanded position in the shell until the displacement 
pressure against the shell has been lowered to a safe pres 
sure by equalization of the displacement pressures in the 
surrounding material, collapse of the shell can be avoided. 
Thus, by observing the pressure reading on gauge 36 
before deflating and removing the mandrel, it is pos 
sible to avoid collapse of the shell. If the reading on 
pressure gauge 86 is above a predetermined value when 
driving is completed, the mandrel is allowed to stand ex 
panded in the shell until the reading on gauge 36 falls 
below the predetermined safe limit. The mandrel is then 
deflated and removed from the shell. 
To provide rapid release of piston and piston rod 73 

after driving for removal of the mandrel, it is preferred 
to employ pump 84 and valve 93. When driving is com 
pleted, with valve 83 closed valve 90 is opened. Pump 
34 is actuated exhausting hydrautic fluid from conduit 
30 and cylinder 73, thereby releasing piston rod 78. 
Thus, after driving, the pneumatic pressure is exhausted 
from pressure container 4 and piston 73 is released by 
releasing the hydraulic pressure from cylinder 72. With 
the pneuriatic pressure exhausted and the hydraulic pres 
sure released, springs 38 return the segments inward en 
gaging the stops at the ends of the arcuate surfaces and 
the mandrel may then be withdrawn from the shell. 
Obviously, if desired, a single pump and valve may be 
employed for actuating and retracting piston rod 78. 
Other means, such as a spring or the like, may also be 
employed to effect rapid release of piston rod 78 after 
driving. 
While the invention has been described in connection 

with a mandrel having two oppositely disposed segments, 
it is to be understood the invention may also be em 
ployed with mandrels having more than two segments ar 
ranged in oppositely disposed pairs. Thus, an auxiliary 
actuator, such as has been described, would be positioned 
between each pair of oppositely disposed segments, the 
individual actuators being either independently actuated 
or linked to a common hydraulic supply conduit. 
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The terms and expressions which have been employed 
are used as terms of description and not of limitation, 
and there is no intention, in the use of such terms and 
expressions, of excluding any equivalents of the features 
shown and described or portions thereof, but it is rec 
ognized that various modifications are possible within the 
scope of the invention claimed. 
What is claimed is: 
1. An expansible mandrel for driving pile shells, said 

mandrel comprising a plurality of oppositely disposed 
segments having outer surfaces for engaging the inner 
Wall of a pile shell, each of said segments having an inner 
Surface forming an integral portion of said segment and 
extending longitudinally along substantially the length 
of said segment, flexible pneumatic pressure container 
means interposed between said inner surfaces of said seg 
ments and extending for substantially the full length of 
said segments for exerting pressures thereon simultane 
ously in opposite directions to drive said segments out 
Wardly into engagement with said inner wall of the shell, 
and means independent of said pressure container means 
disposed between said oppositely disposed segments ad 
jacent the lower end thereof for maintaining said op 
positely disposed segments in engagement with the inner 
wall of the shell, said last mentioned means being oper 
ated independent of said pressure container means. 

2. An expansible mandrel for driving pile shells, said 
mandrel comprising a plurality of oppositely disposed 
Segments having outer surfaces for engaging the inner 
Wall of a pile shell, each of said segments having an inner 
Surface forming an integral portion of said segment and 
extending longitudinally along substantially the length 
of said segment, flexible pneumatic pressure container 
means interposed between said inner surfaces of said seg 
ments and extending for substantially the full length of 
said segments for exerting pressures thereon simultane 
ously in opposite directions to drive said segments out 
wardly into engagement with said inner wall of the shell, 
and means independent of said pressure container means 
disposed between said oppositely disposed segments and 
adjacent the lower end thereof for maintaining said end 
of said segments in engagement with the inner wall of 
the shell, said last mentioned means being operated in 
dependent of said pressure container means. 

3. An expansible mandrel for driving pile shells, said 
mandrel comprising a plurality of oppositely disposed 
segments having a lower end adapted to be inserted into 
a pile shell and an upper end adapted to extend upwardly 
out of said shell, each of said segments having an outer 
surface for engaging the inner wall of a pile shell and 
an inner surface forming an integral portion of said seg 
ment and extending longitudinally along substantially the 
length of said segment, flexible pneumatic pressure con 
tainer means extending for substantially the full length 
of said segments and interposed between said inner sur 
faces of said segments for exerting pressure thereon sub 
stantially in opposite directions to drive said segments 
outward into engagement with said inner wall of the 
shell, and hydraulic means disposed between said op 
psoitely disposed segments adjacent said lower end for 
maintaining said oppositely disposed segments at said 
lower end in engagement with the inner wall of the shell, 
said hydraulic means being operated independent of said 
pressure container means. 

4. An expansible mandrel for driving pile shells, said 
mandrel comprising a plurality of oppositely disposed 
segments having a lower end adapted to be inserted into 
a pile shell and an upper end adapted to extend upwardly 
out of said shell, each of said segments having an outer 
surface for engaging the inner wall of a pile shell and 
an inner surface forming an integral portion of said seg 
ment and extending longitudinally along substantially the 
length of said segment, flexible pneumatic pressure con 
tainer means interposed between said inner surfaces of 
said segments and extending for substantially the full 
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length of said inner surfaces for exerting pressure on said 
inner surfaces substantially in opposite directions to drive 
said segments outward into engagement with Said inner 
wall of the shell, hydraulic means independent of said 
pressure container means disposed between said segments 
adjacent said lower end for maintaining the lower end 
of said segments in engagement with the inner wall of 
the shell, and means independent of said pressure con 
tainer means for operating said hydraulic means. 

5. An expansible mandrel for driving pile shells, said 
mandrel comprising a plurality of oppositely disposed 
segments having a lower end adapted to be inserted into 
a pile shell and an upper end adapted to extend upwardly 
out of said shell, each of said segments having an outer 
surface for engaging the inner wall of a pile shell and 
an inner surface forming an integral portion of said seg 
ment and extending longitudinally along substantially the 
length of said segment, flexible pneumatic pressure con 
tainer means interposed between said inner surfaces of 
said segments and extending for substantially the full 
length of said segments for exerting pressure thereon 
substantially in opposite directions to drive said segments 
outward into engagement with said inner wall of the 
shell, means on one of said oppositely disposed segments 
adjacent the lower end thereof for engagement with the 
other of said oppositely disposed segments for maintain 
ing said segments in engagement with the inner wall of 
the shell, and means independent of said pressure con 
tainer means for operating said means on one of said 
oppositely disposed segments. 

6. An expansible mandrel for driving pile shells, said 
mandrel comprising a plurality of oppositely disposed 
segments having a lower end adapted to be inserted into 
a pile shell and an upper end adapted to extend upwardly 
out of said shell, each of said segments having an outer 
surface for engaging the inner wall of a pile shell and 
an inner surface forming an integral portion of said seg 
ment and extending longitudinally along substantially the 
length of said segment, flexible pneumatic pressure con 
tainer means interposed between said inner surfaces of 
said segments and extending for substantially the full 
length of said inner surfaces for exterting pressure there 
on substantially in opposite directions to drive said seg 
ments outward into engagement with said inner Wall of 
the shell, a cylinder on one of said oppositely disposed 
segments adjacent the lower end thereof, a piston and 
piston rod in said cylinder, and hydraulic means for mov 
ing said piston and piston rod in said cylinder into en 
gagement with the other of said oppositely disposed seg 
ment and for holding said piston and piston rod in en 
gagement with said oppositely disposed segment, said 
hydraulic means being independent of said pressure con 
tainer means. 

7. An expansible mandrel for driving pile shells, said 
mandrel comprising a plurality of oppositely disposed 
segments having a lower end adapted to be inserted into 
a pile shell and an upper end adapted to extend upwardly 
out of said shell, each of said segments having an outer 
surface for engaging the inner wall of a pile shell and 
an inner surface forming an integral portion of said seg 
ment and extending longitudinally along substantially the 
length of said segment, flexible pneumatic pressure con 
tainer means interposed between said inner surfaces of 
said segments and extending for substantially the full 
length of said inner surfaces for exerting pressure thereon. 
substantially in opposite directions to drive said segments 
outward into engagement with said inner wall of the shell, 
a cylinder on one of said oppositely disposed segments 
adjacent the lower end thereof, a piston and piston rod 
in said cylinder engageable with the other of said op 
positely disposed segments, a hydraulic pump independent 
of said pressure container means, a fluid pressure conduit 
interconnecting said cylinder and said pump, a valve in 
said fluid pressure conduit, whereby, as fluid pressure is 
delivered through said conduit to said cylinder, said pis 



3,064,439 
9 O 

ton and piston rod are actuated into engagement with References Cited in the file of this patent 
said oppositely disposed segment. UNITED STATES PATENTS 

8. In an expansible mantirel as recited in claim 7, a 
gauge in said fluid pressure conduit intermediate said 2,313,625 Cobi ------------------ Mar. 9, 1943 
valve and said cylinder. 5 2,871,666 Pickman --------------- Feb. 3, 1959 


