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57 ABSTRACT 
A concrete pile fitted with a special slightly tapered 
concrete tip of larger area. The tip has a central stub 
with an open socket for receiving concrete poured in 
after the pile is in place. 

20 Claims, 11 Drawing Figures 
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PLNG 
This application is a continuation-in-part of my U.S. 

Pat. application Ser. No. 97,997 filed Dec. 14, 1970, 
whose entire disclosure is incorporated herein by refer 
eCe. 

This invention relates to piling. 
In present commercial practice, when bedrock is at 

a reasonable depth, high-capacity H. pile steel sections, 
or open end or closed end pipe can be driven economi 
cally to capacities in excess of 100 tons. Compact sands 
and stiff clays will generally support H. pile, steel pipe, 
mandrel-driven shell type piles, or pre-cast concrete 
pipe piles for capacities in excess of 50 tons and these 
piles are economical when the lengths are moderate. 
However, there are situations where the soil condi 

tions will not conveniently accommodate these specific 
piling types. For example along, and near, the sandy 
ocean beaches there are often great depths of relatively 
loose cohesionless materials. Here conventional piles 
must penetrate considerable distances to develop ac 
ceptable capacities by friction forces between the pile 
surface and the soil. in another situation, a thin layer 
of the relatively loose cohesionless material (usually 
situated underneath a non-bearing layer of silt, clay or 
fill or mixtures thereof) overlays a deep stratum of soil 
of very low bearing capcity such as soft clay. Here, 
when the pile is driven through the layer of loose mate 
rial it must then be driven through the deep clayey 
layer to an acceptable bearing layer below the clay. 
The piles of this invention are particularly suitable 

for use in supporting heavy loads on land in which the 
bearing soil is comparatively loose and granular, and 
not capable of sustaining high unit loads (e.g. soil of 
"N" value less than 30, say about five to 10) which soil 
may be situated below a relatively thick layer of soil un 
suitable for bearing such as a fill or soft clay. In such 
cases it has been proposed to use a Franki type of pile, 
in which a mushroom base of concrete is pushed out at 
the bottom of the pile after the pile has been driven 
down to the bearing layer. Such piles are described at, 
for instance, pages 250-251 of the book “Pile Founda 
tions. Theory-Design-Practice' by Robert D. Chellis, 
published 1951 by McGraw-Hill, which also discusses 
a great many other types of piles known to the art. As 
pointed out by Chellis the Franki piles "are of particu 
lar advantage where a bearing stratum, of limited thick 
ness only, can be reached within economical depths.' 
While such Franki piles have, in many cases, large ca 
pacities (e.g. 120 tons per pile), their installation is 
quite complicated and very expensive; special costly 
equipment is needed and conventional automated pile 
driving techniques cannot ordinarily be used. In addi 
tion the character of any individual driven pile is not 
readily predictable; I believe that this may be due, for 
instance, to eccentricities in the shape of the mush 
room base of concrete that is rammed out of the bot 
tom of the pile, and other factors. 
Among the other piles which are in present commer 

cial use in the loose soil conditions are the Raymond 
piles described on pages 233-235 of the Chellis book 
and the Monotube composite tapered pile which typi 
cally has a fluted heavy gauge shell which tapers down 
at its base. Where the loose granular soil layer is of lim 
ited thickness such piles tend to penetrate through that 
layer without attaining high capacities and must then 
be driven to considerable depths; even then the capaci 
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2 
ties do not approach those attainable using the piles of 
the present invention. 
In accordance with one aspect of this invention there 

is provided a much less expensive pile, which can be in 
stalled economically with conventional automated 
techniques and which has high load bearing capacity in 
the soil conditions described above. Although the rated 
load bearing capacity of my new pile may be below that 
of a properly installed Franki pile, it is much higher 
than that of other conventional piles. The economy of 
installation makes it practical to overcome this lower 
bearing capacity by driving more of my new piles, so 
that the total cost for properly supporting a given build 
ing or other structure will be considerably lower when 
my new piles are used than when Franki piles are em 
ployed. The construction of my new pile is such that it 
can be driven rapidly, accurately, and easily, with good 
rigidity and stability of direction, by conventional auto 
mated pile driving hammers at high impact frequencies 
(e.g. 50 to 120 blows per minute using conventional 
hammers such as described at pages 70-72 of the Chel 
lis book, the pile driving energy usually being in the 
range of about 15,000 - 36,000 foot pounds per blow). 
Certain preferred forms of the invention are illus 

trated in the accompanying drawings in which 
FIG. is a cross-sectional view, to scale, of one pre 

ferred type of pile tip in accordance with this invention. 
FIG. 2 is a bottom view of the pile tip of FIG. I. 
FIG. 3 is a top view of the pile tip of FIG. 1. 
FIG. 4 is a side view, also in cross-section, showing 

the pile tip of FIG. A connected to the stem of the pile 
and showing the pile being driven into the ground with 
a removable mandrel housed in a socket in the pile tip. 
F.G. 5 is a side view, also in cross section, of a por 

tion of the tip and the lower portion of the pile stem 
after concrete has been poured into the stem. 
FiG. 6 is a cross-sectional view, to scale, of another 

form of pile tip in accordance with this invention, 
showing the pile tip connected to the tubular stem of 
the pile. - 
FIG. 7 illustrates schematically one way of driving 

the pile shown in FEG, 6. 
FIG. 8 illustrates schematically another way of driv 

ing the pile shown in FIG. 6. 
FIG. 9 is a side view, in cross section, of a portion of 

the tip of FIG. 6 and the lower portion of the pile stem 
after concrete has been poured into the stem. 
FIG. 10 is a side view of the invention using a pile tip 

without a socket. 
FIG. 11 is a view of an arrangement employing a tip 

having a sleeve which does not project above the top 
thereof. 
Turning now to FIG. the tip 11 is of reinforced con 

crete of symmetrically tapered frusto-conical construc 
tion with its base 2 being substantially flat (and in a 
plane substantially perpendicular to the axis i3 of the 
tip). The taper is gradual; in FIG. it is about one-half 
inch per foot. The concrete tip is formed by casting in 
place around a relatively short length or stub of 
threaded (corrugated) steel shell 14 of conventional 
type leaving a substantially cylindrical center open 
socket 16 in the upper part of the concrete of the tip, 
and with a portion 7 of the stub projecting above the 
substantially flat top surface 18 of the concrete tip. 

in FIG. i the reinforcement of the concrete is consti 
tuted by a series of equally spaced axially oriented rein 
forcing bars 19 disposed around the socket 6 and ex 
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tending below the level of the base of the socket, the 
bars 19 being tied together by transverse reinforcing 
rods or bars 21 secured to bars 19 as by suitable means, 
e.g. wires ties around the bars. Instead of, or in addition 
to, reinforcing rods, the concrete may contain pieces of 
sheet metal distributed therethrough. 

In use, the tip 11 is connected to the stem 22 (FIG. 
4) of the pile by a suitable connection, such as a 
threaded adapter 23, also of conventional shell con 
struction, engaging both the projecting portion of the 
stub 14 and said stem. A mandrel 24 is disposed within 
the socket 16 (resting on a steel plate or boot which 
forms the base 26 of the socket ; this plate preferably 
has a larger diameter than that of the stub and is put in 
place before the concrete of the tip is cast) for receiv 
ing the blow of the pile-driving hammer and transmit 
ting its downward force to the concrete tip. The partic 
ular conventional mandrel shown in FIG. 4 extends the 
whole length of the stem. In FIG. 4 the upper portion 
is shown on a reduced scale and part of the lower por 
tion is broken away to show details of the mandrel. 
As the pile is driven, the tip penetrates through the 

non-bearing soil, until it reaches the bearing soil. Con 
tinued driving forces it into the latter, generally until 
the resistance to the driving force indicates that there 
is adequate load bearing capacity (e.g. using standard 
pile-driving formulas which relate load-bearing capac 
ity to driving resistance and/or using actual static load 
tests in which the pile is loaded with twice the load it 
is expected to carry and the movement of the pile 
under such loading is measured, a movement of about 
one inch or less in this test generally being an indication 
that the pile will be satisfactory to carry the expected 
load). 
The mandrei 24 may be of conventional construc 

tion. For instance it may be of the type having a pair of 
almost hemicylindrical halves 27 which, in use, are 
pressed apart against the internal walls of the shell (in 
this case, including the section of shell lining the socket 
16). To this end there is an inflatable element 28 to 
which air (or other fluid) is admitted under pressure so 
as to expand the element 28 against the inwardly facing 
walls of the mandrel halves 27. When the mandrel is to 
be removed from the socket, the pressure in the inflat 
able element is reduced and the mandrel halves move 
together, away from the walls of the shell, under the in 
fluence of springs 29 mounted on rods 31 which pass 
through the mandrel halves; one end of each spring en 
gages a wall of a mandrel half 27 while the other end 
is held at the outer end of its rod. 
Another conventional type of mandrel which may be 

used is simply a heavy pipe extending through the stem 
and into the socket and resting on the base of the 
socket. For instance when the stem and socket each 
have an internal diameter of 13 inches, the mandrel 
may be a 12-94 inch outside diameter heavy-walled pipe 
which is driven by the hammer and transmits the driv 
ing force to the base 26 of the socket. 
After removal of the mandrel, the shell (including the 

stub and the main stem of the pile) is filled with con 
crete. As shown in FIG. 5 the concrete fills the socket, 
making for an excellent connection between tip and 
stem so that they behave more as an integral unit even 
in response to tension forces. If desired, reinforcement, 
such as reinforcing rods 32, may be placed so as to ex 
tend from the cavity up into the stem before the con 
crete is poured. 
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4. 
In the tip illustrated in FIGS. 6 to 9 the stub 34 is a 

short piece of pipe, e.g. straight-sided steel pipe having 
a diameter of about 8 to 14, or even 18, inches and hav 
ing a wall thickness of about 0.17 to 0.4 inch or more; 
the tubular material conventionally used for pipe piles 
may be used. It is adapted to be joined to the stem 36 
of a pipe pile by a connector, such as an internally ta 
pered sleeve 37 whose internal diameter is about the 
same as the external diameter of the stub and stem, 
there being a drive fit between the sleeve 37 and the 
top of the stub and between the sleeve and the bottom 
of the stem; this connection may be formed by welding 
if desired. To assist in anchoring the stub in the con 
crete of the tip the stub of FIG. 6 may have welded to 
its base a flat transverse plate 38 of larger area than the 
cross-sectional area of the stub. This plate (e.g. of '4 
inch thick steel) may be welded to the stub before the 
concrete of the tip is cast. The pile may be driven by 
pile-driving hammer blows at the top of the stem (FIG. 
7) or, particularly when a thin-walled stem is used 
(which stem may even be of corrugated construction), 
it may be driven by such blows applied to an internal 
mandrel 24 (FIG. 8) in the socket 39 formed inside the 
stub 34. The plate 38 also helps to distribute the verti 
cal pile driving forces more uniformly through the con 
crete tip. When the concrete is poured into the stem 36 
it fills the socket 39, as shown in FIG. 9; here again re 
inforcement may be placed so as to extend from the 
cavity up into the stem. 
The particular tips shown in the drawing are designed 

for use with a stem having a diameter of about 12 
inches (for the embodiment of FIG. 6) or 14 inches 
(for the embodiment of FIG. 1). The base 12 of the tip 
has a diameter of about 24 inches, which is considera 
bly larger than that of the stem. The maximum diame 
ter of the tip, at the top, is about 30 inches and the axial 
height of the tip, measured from its base to the level at 
which its diameter attains its maximum, is about 60 
inches, so that its taper is about three-fifths inch per 
foot. 

In general, tips of this invention may be used with 
stems of about 8 to 18 inch diameter. The tip is prefera 
bly circular in cross section (although other cross 
sections adapted to give a substantially uniform load 
distribution around the pile, e.g. square cross section, 
may be employed) and its projected area (at its maxi 
mum diameter) is above twice, and preferably about 5 
to 15 times, the cross-sectional area of the stem. Pefer 
ably the base of the tip has a diameter of at least 8 
inches, although the use of pointed tips is also within 
the broader scope of this invention. Preferably the axial 
height of the tip is at least two feet and at least 1 foot 
greater than the depth of the socket but less than one 
half, more usually less than one-third, of the overall 
height of the pile (including the stem). The taper is 
generally less than 3 inches per foot (and preferably 
less than 1% inches per foot) and above one-fourth 
inch per foot (but it is within the broader scope of the 
invention to use an untapered tip). The depth of the 
socket is generally within the range of 1/10 to 9/10 of 
the axial height of the tip, preferably at least three 
tenths and less than seven-tenths of that height, more 
preferably about 0.4 to 0.6 times the height of the tip. 
The use of the tip of this invention enables one to use 

shorter lengths of pile for a given load bearing capacity. 
Generally the overall length of the pile (including tip) 
will be in the range of about 10 to 50 feet or more. 
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The ground-engaging surfaces of the concrete tip 
may be smooth or textured (e.g. corrugated). 
The 'N' value, previously mentioned, is a conven 

tional reference for soil compactness. It is the number 
of blows of a 140 lb., hammer, dropped from a height 
of 30 inches, required to advance a standard 2 inch di 
ameter split spoon sampling tube a distance of 12 
inches. 
When the tip is driven through certain non-bearing 

soils, the soil does not flow back around the stem above 
the tip and there is an unfilled space around the stem. 
This space is preferably filled in, from the top, by 
dumping or otherwise placing material such as sand 
which may be applied dry or with water (e.g. it may be 
puddled or jetted in). 

It is also within the broader scope of the invention to 
use a pile tip without a socket. For instance, as illus 
trated in FIG. 10 the tip 51 may have an upper plate 52, 
to which are welded downwardly extending reinforcing 
rods 53 (or other suitable anchoring means) around 
which the concrete 54 of the tip is cast, with the con 
crete being in contact with the lower face of the plate 
52. A stub 56 (which may be a short length of pipe of 
the type used in the embodiment shown in FIG. 6) is 
welded to the top of the plate (either before or after the 
concrete of the tip is cast) to provide an attachment to 
the stem 57 of the pile. After driving the stem and stub 
are filled with concrete, as previously described. 
While the tip of this invention is particularly suitable 

for use when attached to the longer stem of a pile, it is 
also within the broaderscope of this invention to use 
the tip with a very short stem, or without any stem at 
all, as in situations in which piles or other driven ele 
ments have not been previously employed. For exam 
ple, when the bearing soil (e.g. a fine to medium sand 
of "N' value about 8 to 10) is at, or very near, the sur 
face, and is not overlaid by other non-bearing strata of 
significant thickness, the tip itself (without a stem) may 
be driven directly into the surface, e.g. the tip illus 
trated in FIG. 1 may be driven some 6 feet into the soil 
by means of a conventional pile driving hammer oper 
ating on a mandrel within the socket of the tip. A 
spaced series of such driven tips (the axes of adjacent 
tips being spaced apart by a distance equal to say about 
1% times the largest diameter of the tip) can support 
a heavy building or other structure without the need for 
extensive excavation and without the need for large 
footings or mat foundations. 

Instead of using a projecting stub for lining the socket 
of the concrete tip, one may employ a sleeve which 
does not project above the top of the concrete tip and 
which is adapted to be connected to the stem of the 
pile. In one suitable construction, illustrated in FIG. 11, 
this sleeve 61 is made of corrugated shell material of 
slightly larger diameter than the shell material of the 
pile stem 62 so that, after the tip has been fabricated 
and is ready for use, the stem can be attached to the tip 
by screwing it into the sleeve 61. 
The present invention makes it possible for relatively 

large volumes of concrete, comparable to the volumes 
of extruded material in Franki piles, to be more eco 
nomically put in place in deeper strata and with more 
uniform results. As with the Franki piles, the piles of 
the present invention give their results largely by the 
compaction of the soil of low bearing value and they 
attain very high load bearing capacity in relatively shal 
low strata. Typical examples of such conditions are as 
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6 
follows: (a) 18 feet of miscellaneous fill and gray clayey 
organic silt overlying a 15 foot thick layer (of N value 
about 25) of fine silty sand (containing some medium 
gravel) overlying more than 50 feet of clay; (b) 15 feet 
of miscellaneous fill, peat and gray silt overlying a 10 
foot thick layer of medium to fine loose sand (N value 
about 12) overlying another 50 feet of red brown silty 
fine sand; (c) 10 to 15 feet of fill overlying 1 to 4 feet 
of peat and an underlying layer of loose sand of N value 
6 to 30, 
The present invention also makes it possible to drive 

the pile accurately in the desired direction. One factor 
in this is the presence, during driving, of the rigid man 
drel within the socket which helps to insure that the tip 
does not become deflected by localized variation in soil 
resistance, e.g. boulders, debris, uneven strata, etc. 
Any appreciable deflection tendency will cause a por 
tion of the inner wall of the socket to press hard against 
the corresponding outer wall of the sturdy rigid man 
drel which will resist such deflection. 
The particular tip size can of course be adjusted in 

accordance with the desired load bearing capacity. 
Thus as between (a) a tip having a height of 34 inches, 
and diameters of 20 inches at its base, and 24 inches at 
the top on a 10-% inch diameter stem and (b) a tip hav 
ing a height of 60 inches, and diameters of 23 inches at 
its base and 29 inches at the top, on a 12-% inch diame 
ter stem, the load bearing capacity was higher for the 
larger tip but the small tip is more economical to fabri 
cate and drive. 
The piles of this invention are easily inspected and 

tested. Thus, if the tip should be seriously defective 
(e.g. cracked) this can be readily detected since driving 
characteristics of the pile will be as if there were no tip. 
The stem of the driven pile can be readily inspected by 
visual methods before the concrete is poured into it. 

It is understood that the foregoing detailed descrip 
tion is given merely by way of illustration and that vari 
ations may be made therein without departing from the 
spirit of the invention. The "Abstract' given above is 
merely for the convenience of technical searchers and 
is not to be given any weight with respect to the scope 
of the invention. 

I claim: 
1. A method of producing a driven pile, which com 

prises attaching to a tubular stem a tip of reinforced 
concrete having a larger diameter than said stem and 
having a central cavity aligned with said stem and 
adapted to receive the lower end of a pile driving man 
drel, the base of said central cavity being spaced above 
the base of said tip so that between said bases there is 
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a mass of the concrete of said tip, placing a pile driving 
mandrel within said stem with the lower end of said 
mandrel within said cavity, driving said tip, to embed 
it in a bearing layer, by the action of a pile driving ham 
mer on said mandrel whereby said mass of concrete be 
tween said bases receives and transmits the pile-driving 
forces, removing said mandrel and pouring concrete 
into said stem whereby the poured concrete enters said 
cavity and extends up into said stem forming a unitary 
body of hardened concrete joining said tip and stem. 

2. A method as in claim it, said tip being tapered to 
increase in diameter from the bottom upwards, the 
maximum horizontal cross-sectional area of the tip 
being about 5 to 15 times the cross-sectional area of the 
stem, the taper being less than about 3 inches per foot 
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and the axial height of said tip being at least about 2 
feet. 

3. A method as in claim 2 in which the depth of said 
cavity is 3/10 to 7/10 of the axial height of the tip, and 
in which said cavity is lined with thin corrugated tubu 
lar metal shell, said stem being of thin corrugated tubu 
lar metal shell whereby said poured concrete is sur 
rounded by said corrugated metal shell within said cav 
ity and within said stem. 
4. A method as in claim 1 in which said tubular stem 

is a thin metal shell incapable of withstanding the pile 
driving blows needed to force said pile to its driven load 
carrying position and the tip having a cross-sectional 
area which is at least twice, and up to 15 times, the 
cross-sectional area of the stem. 

5. A method as in claim 1 in which said pile is driven 
until the resistance to the driving force indicates that 
the desired load bearing capacity is attained, said bear 
ing layer being loose granular soil having an N value of 
less than 30. 

6. A method as in claim 4, in which said pile is driven 
until the resistance to the driving force indicates that 
the desired load bearing capacity is attained, said bear 
ing layer being loose granular soil having an N value of 
less than 30, said tip being tapered to increase in diam 
eter from the bottom upwards, the maximum horizon 
tal cross-sectional area of the tip being about 5 to 15 
times the cross-sectional area of the stem, the taper 
being less than about 3 inches per foot and the axial 
height of said tip being at least about 2 feet, the depth 
of said cavity being 3/10 to 7/10 of the axial height of 
the tip, said poured concrete is surrounded by said 
metal shell within said cavity and within said stem, the 
axial height of said tip being less than one-third of the 
overall height of said pile. 

7. A method as in claim 4 in which said tip has a di 
ameter of about 24 inches at its base, a diameter of 
about 30 inches at the top, an axial height of about 60 
inches and a taper of about three-fifths inch per foot 
and said stem has a diameter of about 14 inches, and 
the depth of said socket is about 0.4 to 0.6 of the height 
of the tip, the ground-engaging surfaces of said tip 
being of smooth concrete, said tip having a circular 
cross-section. 

8. Process as in claim 1 in which said hammer is 
driven at 50 to 120 blows per minute with a pile driving 
energy of above 15,000 foot pounds per blow. 

9. A method as in claim 1 in which said cavity ex 
tends down, from a level at which the horizontal cross 
sectional area of said tip is substantially at its maxi 
mum, for a distance which is at least three-tenths of the 
axial height of the tip and less than seven-tenths of that 
height, said cavity being lined with a central tubular 
liner rigidly embedded in the concrete of said tip, said 
mandrel extending into and having its lower portion 
housed in said cavity to align said tip and stem during 
the driving of said pile, said liner and said stem being 
of corrugated tubular metal. 

10. A method as in claim 9 in which said unitary body 
of hardened concrete is in contact with, and conforms 
to, the corrugations of said liner and said stem and said 
hammer is driven at 50 to 120 blows per minute with 
a pile driving energy of above 15,000 foot pounds per 
blow, and in which the pile is driven until the resistance 
to the driving force indicates that there is adequate 
load bearing capacity, said loose granular soil having an 
N value of less than 30. 
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8 
11. A load-carrying pile in place in the ground, com 

prising a metal tube attached to a tip of pre-cast rein 
forced concrete having a substantially flat base and a 
central cavity aligned with said tube, said tube extend 
ing into said cavity, the base of said central cavity being 
spaced above the base of said tip so that between said 
bases there is a mass of the concrete of said tip of suffi 
cient strength to receive and transmit the pile-driving 
forces needed to force said tip and tube to the fully 
driven load-carrying position, and a body of concrete, 
emplaced after said tip and tube have been forced to 
said position, filling said cavity and extending up into 
said tube above said tip, said body having a structure 
unstressed by said driving, said tip being tapered to in 
crease in diameter from the bottom upwards, the maxi 
mum horizontal cross-sectional area of the tip being at 
least twice, and up to 15 times, the cross-sectional area 
of the tube, the taper being less than about 3 inches per 
foot and the axial height of said tip being at least about 
2 feet, said pile extending through non-bearing soil to 
a bearing layer of loose, granular soil, said layer having 
an N value less than 30, said tip being embedded in said 
loose granular soil which has been compressed by the 
driving of said tip thereinto. 

12. A pile as in claim 11 in which said tube is incapa 
ble of withstanding the pile driving blows needed to 
force said pile to its driven load-carrying position. 

13. A pile as in claim 12 in which said tube is of cor 
rugated metal shell. 

14. A pile as in claim 11 in which the base of said tip 
has a diameter of at least 8 inches, and the depth of said 
cavity is at least three-tenths and less than seven-tenths 
of the axial height of said tip. 

15. A pile as in claim 11 in which the axial height of 
said tip is less than one-third of the overall height of 
said pile. 

16. A pile as in claim 12 in which the base of said tip 
has a diameter of at least 8 inches, and the depth of said 
cavity is at least three-tenths and less than seven-tenths 
of the axial height of said tip, and the axial height of 
said tip is less than one-third of the overall height of 
said pile. 

17. A pile as in claim i6 in which said tip has a diam 
eter of about 24 inches at its base, a diameter of about 
30 inches at the top, an axial height of about 60 inches 
and a taper of about three-fifths inch per foot and said 
tube has a diameter of about 14 inches, and the depth 
of said socket is about 0.4 to 0.6 of the height of the tip, 
the ground-engaging surfaces of said tip being of 
smooth concrete, said tip having a circular cross 
section. 

18. A pile as in claim 11 in which said cavity has a 
depth of 3/10 to 7/10 of the axial height of said tip, the 
depth being measured downward from the level at 
which the horizontal cross section of the tip reaches its 
maximum. 

19. A method of producing a driven pile, which com 
prises attaching to a tubular stem a tip of reinforced 
concrete having a larger diameter than said stem and 
having a central cavity aligned with said stem and 
adapted to receive the lower end of a pile driving mem 
ber extending down through said stem, the base of said 
central cavity being spaced above the base of said tip 
so that between said bases there is a mass of the con 
crete of said tip, placing a pile driving member within 
said stem with the lower end of said member within said 
cavity, driving said tip, to embed it in a bearing layer, 
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by the action of pile driving forces transmitted by said 
member whereby said mass of concrete between said 
bases receives and transmits the pile-driving forces, re 
moving said member and pouring concrete into said 
stem whereby the poured concrete enters said cavity 
and extends up into said stem forming a unitary body 
of hardened concrete joining said tip and stem, said tip 
being tapered to increase in diameter from the bottom 
upwards, the taper being less than about 3 inches per 

O 
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O 
foot and the axial height of said tip being at least about 
2 feet. 

20. Process as in claim 19, said cavity having a depth 
of at least three-tenths of the axial height of said tip, 
said depth being measured downward from the level at 
which the horizontal cross section of the tip is a maxi 

. 
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