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1 : 

PLNG ... ; , , , , , ; 

This application is a continuation-in-part of my appli 
cations Ser. No. 235,790 filed Mar. 17, 1972 now Pat. 
No. 3,751,931 as a continuation-in-part of application 
Ser. No. 97,997 filed Dec. 14, 1970, and abandoned, 
and of application Ser. No. 256,163 filed May 23, 
1972, whose entire disclosures are incorporated herein 
by reference. 
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, 
mandreldriven 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 capacity 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 5 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, page 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 depth." 
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 the 
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layer without attaining high capacities and must then 
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be driven to considerable depths; even then the capaci 
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 footpounds per blow). 
Certain preferred forms of the invention are illus 

trated in the accompanying drawings in which 
FIG. 1 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. 1. 
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. 1 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. 
FIG. 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 FIG. 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 illustrates the use of a pile, tip without a 

socket, 
FIG. 11 shows the use of a sleeve instead of a project 

ing stub for lining the socket, 
- FIGS. 12-15 illustrate the use of the tip with shafts 
or stems which are driven without a mandrel, specifi 
cally a wood stem (FIG. 12), a pre-cast pile stem 
(FIGS. 13 and 14) or a pipe pre-filled with concrete 
(FIG. 15). FIGS. 12, 13 and 15 are views of the lower 
end of the pile, including the tip, in elevation partly in 
cross section, and FIG. 14 is a horizontal cross section 
through the upper portion of the tip of FIG. 13. 
FIGS. 16-19 illustrate the use of tips of different sizes 

in the driving of groups of pile. FIG. 16 is a plan view 
of an arrangement of piles. FIG. 17 is a view in eleva 
tion showing two piles joined by a pile cap. FIG. 18 is 
an elevation taken through the pile cap and middle 
rows of piles in FIG. 16. FIG. 19 is an elevation as in 
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FIG. 18 but showing relative penetrations if all tips 
were of one size. 
FIGS. 20-22 illustrate an arrangement using a pro 

tective sleeve shield. These views are all cross-sections, 
in elevation, broken away, taken a different levels. 
Turning now to FIG. 1 the tip 11 is of reinforced con 

crete of symmetrically tapered frusto-conical construc 
tion with its base 12 being substantially flat (and in a 
plane substantially perpendicular to the axis 13 of the 
tip). The taper is gradual; in FIG. 1 it is about one-half 
inch per foot. The concrete tip is formed by casting in 
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place around a relatively short length or stub of 
threaded (corrugated) steel shell 14 of conventional 
type leaving a substantially cylindrical central open 
socket 16 in the upper part of the concrete of the tip, 
and with a portion 17 of the stub projecting above the 
substantially flat top surface 18 of the concrete tip. It 
will be understood that the stub may be made of other 
metals or of other suitable materials, such as materials 
which, like metals, have a considerably higher tensile 
strength than concrete such as organic plastics (e.g., 
polycarbonate, such as “Lexan" or oxymethylene poly 
mers such as “Celcon'). . . . . 

In FIG. 1 the reinforcement of the concrete is consti 
tuted by a series of equally spaced axially oriented rein 
forcing bars 19 disposed around the socket 16 and ex 
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 tied around the bars. Instead of, or in addi 
tion to, reinforcing rods, the concrete may contain 
pieces of sheet metal distributed therethrough, or it 
may contain fibrous reinforcement (e.g., fibers of high 
tensile strength such as steel fibers of say 1/10 inch di 
ameter, 1 to 2 inches long, occupying a small portion, 
such as 2%, of the total volume of the concrete). 

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 (e.g., resting on a steel plate or boot 
which forms the base 26 of the socket; this plate prefer 
ably has a larger diameter than that of the stub and is 
put in place before the concrete of the tip is cast) for 
receiving the blow of the pile-driving hammer and 
transmitting its downward force to the concrete tip. 
The particular 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 portion is broken away to show details of the 
mandrel. , 

It will be apparent that the illustrated tip will stand 
stably in straight vertical position on its substantially 
flat base and can thus be placed straight up at the pre 
cise location where the pile is to be driven, remaining 
straight up at that location while the stem is attached 
and the mandrel is introduced, without the need for 
special support. " . . 

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 
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ity to driving resistance and/or using actual static load 
tests in which the pile is loaded with twice the load it 
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is expected to carry and the movement of the pile 
under such loading is measured, a movement of about 
1 inch or less in this test generally being an indication 
that the pile will be satisfactory to carry the expected 
load). : 
The mandrel 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 aheavy 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. 

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 l8, 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 
%-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 construc 
tion), it may be driven by such blows applied to an in 
ternal mandrel 24 (FIG. 8) in the socket 39 formed in 
side the stub 34. The plate 38 also helps to distribute 
the vertical pile driving forces more uniformly through 
the concrete tip. When the concrete is poured into the 
stem 36 it fills the socket 39, as shown in FIG. 9; here 
again reinforcement may be placed so as to extend 
from the cavity up into the stem. 
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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 3/5-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. Prefer 
ably the base of the tip has a diameter of at least 8 
inches, although the use of tips having differently 
shaped bases, e.g., 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 one-tenth to 
nine-tenths 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. 
The ground-engaging surfaces of the concrete tip 

may be smooth or textured (e.g., corrugated). 
The N-value, previously mentioned, is a conventional 

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 dime 
ter 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 spaced 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 within the broader scope of this invention to 
drive piles having the tips of this invention into a bear 
ing layer of soft rock. They may be driven, for instance, 
into a stratum of oolite, a porous limestone formation 
found, for instance, on the east coast of the state of 
Florida. 

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 
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6 
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 broader scope 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 surface 
and is not overlaid by other non-bearing strata of signif 
icant thickness, the tip itself (without a stem) may be 
driven directly into the surface, e.g., the tip illustrated 
in FIG. 1 may be driven some six feet into the soil by 
means of a conventional pile driving hammer operating 
on a mandrel within the socket of the tip. A spaced se 
ries of such driven tips (the axes of adjacent tips being 
spaced apart by a distance equal to say about 1 1/2 
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 stem can also be 
attached by screwing it directly into an otherwise un 
lined socket having integral concrete threads adapted 
to engage the lower end of the stem directly without an 
intervening liner; in this case, the concrete is cast 
around a suitably form (which may have the same con 
figuration as the stub or sleeve, previously mentioned) 
and that form is removed after casting of the tip, leav 
ing an internally threaded concrete-surfaced socket 
into which the stem is screwed before the pile is driven. 
Alternatively the unlined socket may be unthreaded 
but adapted to be frictionally connected to the stem; 
thus the socket may have straight slightly tapered walls 
(defining, for instance, a frustrum of a downwardly 
pointed cone) and the lower end of the stem (which 
may be correspondingly tapered) may be pushed into 
the socket so that there is a force fit between stem and 
socket. On the lower end of the stem may be bonded 
to the inner walls of the unlined socket by means of a 
suitable cement. The stem can also be attached by 
screwing it into a lined socket, whose liner is of slightly 
larger diameter than that of the stem. It will be seen 
that in these cases the lower end of the stem serves also 
as all or part of the liner of the socket. 
The present invention makes it possible for relatively 

large volumes of concrete, comparable to the volumes 
of extruded material in Frank 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 



3,913,337 
7 

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 said (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 driv 
ing 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. 
The tips of this invention may also be used with vari 

ous shafts or stems in pile constructions which are 
driven directly without the use of mandrel. 
More particularly, FIG. 12 illustrates the use of a 

length of wood pile as the stem; FIGS. 13 and 14 show 
the use of a precast pile as the stem, (FIG. 14 being a 
horizontal cross section through the upper portion of 
the tip); while FIG. 15 shows the use, as a stem, of a 
pipe prefilled with concrete. 
The arrangement shown in FIG. 12 is suitable for rel 

atively light pile loadings (15 tons to 30 tons). Tip 11 
has a stub 34 which is, as in FIGS. 6 to 9, a short piece 
of pipe (e.g., steel pipe of, say, about 8 inch outside di 
ameter and 3/16-inch wall thickness). To keep con 
crete out of the socket during the casting of the tip 
there is a barrier 63 which may be of any suitable mate 
rial; conveniently it is a pipe cap of light gauge metal 
which is forcefitted to the bottom of stub 34 before the 
casting operation. A length of ordinary wood piling 64 
is driven so that its lower end fits tightly in the socket. 
(The lower end is preferably first trimmed to roughly 
the same cross-section as the cross-section of the 
socket but slightly larger than the socket so that the 
wood is compressed somewhat during this initial driv 
ing, which aids in making a tight fit). Driving may be 
effected, for instance, by placing the tip, socket up 
wards, on the ground at the point where the pile is to 
be driven, positioning the wood stem 64 above the 
socket, and then driving the latter into the socket with 
the pile driving hammer; the wood stem may then be 
secured in place by any suitable means, such as bolts 
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8 
and nuts 65. A pile of this type may be driven with a 
low-energy pile hammer (e.g., of energy about 7000 to 
19,500 ft. lbs. per blow) and is capable of producing 
required driving resistances in soils substantially looser 
than would be the case for a wood pile driven without 
the tip 11. As compared to ordinary wood piles the in 
vention provides higher load capacities and/or shorter 
piles in soils which are generally loose and granular. 
Typically, for this use the tip has a height of about 2% 
feet, and diameters of about 17 inches (at the base) and 
20 inches (at the top), the stub 34 being about 30 
inches long, half of which is within the concrete. The 
wood pile stem may be, for instance, about 10 to 90 
feet long. 

In FIG. 13 there is employed precast reinforced con 
crete pile stem 6. Such stems are available (see page 
200-206 of the Chellis book, for instance) in various 
cross sections, most commonly square as illustrated 
(see FIG. 14) although other cross sections, such as 
hexagonal, octagonal or circular may be used. Element 
67 may be a cup-shaped piece (or assemblage) of light 
material, such as sheet metal, which serves as a form to 
define the cavity or socket at the top of the tip during 
the casting of the tip. Preferably it is tapered slightly 
(being wider at the top) and the lower end of the con 
crete stem 66 may be similarly tapered so that the pile 
may be assembled simply by driving the stem into the 
cavity and thereby wedging the lower end of the stem 
in said cavity. One may also remove all or part of the 
element 67 after the tip is cast and hardened; thus when 
the pile is assembled the concrete surface of the lower 
end of the stem may be in contact with the concrete 
inner surface of the cavity of the tip. (It will be under 
stood that, similarly, when a wood stem is used, the 
cavity of the tip need not have a liner, e.g., one may 
omit the stub 34, and thus force the wood into contact 
with the concrete, in FIG. 12). Piles of this type may be 
constructed, for instance, in sizes suitable to produce 
bearing capacities of, say, from about 30 to 100 tons or 
more when driven with hammers whose energies may 
range from, say, about 15,000 to 36,000 ft. lbs. or more 
per blow. In a typical pile of this construction the stem 
is about 14 inches square, the tip has a height of about 
3 feet and is about 2 feet square at the top and about 
20 inches square at the bottom. 

In FIG. 15 the stem 68 is a pipe that has been filled 
with concrete, which is poured into the pipe (contain 
ing spaced reinforcing wires or bars as indicated) and 
hardened there, before the stem is fitted to the tip. This 
arrangement offers a very rigid driving medium with 
the economy of the pre-poured pile stem; it may be 
used, for instance, in a range of capacities from, say, 
about 25 to 100 tons or more, when driven with ham 
mers whose energies would be, for instance, about 
19,000 to 30,000 ft. lbs. per blow. The pipe of the stem 
may be heavy-walled steel pipe having an external di 
ameter such that there will be a close slip fit between 
said pipe and the inner wall of stub 34. To provide up 
lift capability for the pile, if desired, the stem may be 
welded to the stub 34 as indicated by the fillet at the 
top of the stub 34 in FIG. 15. 

Piles are frequently employed in groups, with any 
where from 2 to, say, 20 piles joined by a "pile cap' on 
which the load (such as a column of a building) is sup 
ported. Usually the vertical axes of the piles of a group 
are spaced about 2% to 6 feet apart depending on the 
sizes of the piles. The pile cap is designed so that the 
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load is substantially evenly distributed over all the piles 
of the group; often it is a reinforced concrete structure 
of suitable stiffness to accomplish this, so that all the 
piles act in unison. 

In one aspect of this invention, the piles of such a 
group have tips of different volumes, or displacements, 
with the larger tip being driven before the smaller tip. 
The use of this procedure results in significant reduc 
tions in costs, saving both time and material. Preferably 
the larger tip has a displacement more than 5% greater 
than the smaller tip, e.g., 10or 20% greater. 
For illustrative purposes, certain specific tips of dif 

ferent sizes will be referred to hereafter by the letters 
A,B,C,D,E, these letters are also used in the drawings 
to designate piles having the corresponding tip. Each 
such tip has generally the configuration of the tip 
shown in FIG. 1, and is 6 feet high. The following tabu 
lation lists the diameter (in inches) of the top and bot 
tom of each tip: A 29, 23; B 32, 26; C 35,29; D 38,32; 
E 41,35. For each of these tips the diameter of the 
stem, and of the socket of the tip, is about 16 inches so 
that the stem (after filling with concrete) can safely 
carry a 100 ton design load and transmit it, without fail 
ure, to the tip. 
At one location it was determined by tests that for the 

underlying sand bearing stratum (having an N value of 
about 8 and situated below a 20 foot thick non-bearing 
layer of fill), a pile having a A-tip would have an ac 
ceptable design capacity of about 100 tons when driven 
in a predetermined manner with a Vulcan O-hammer 
(on a mandrel which is a heavy pipe extending through 
the stem into the socket and resting on the base of the 
socket) until the driving resistance was such that 8 to 
10 blows of the hammer were needed to move the pile 
downward 1 inch. In the test of the A-tip pile, the pile 
was driven 20 feet into the bearing stratum (i.e., the 
pile was driven 40 feet into the ground and the length 
of stem in the ground was 34 feet) before this resis 
tance criterion of 8 to 10 blows per inch was attained. 
The acceptable design capacity of 100 tons means that 
the pile will pass a standard N.Y. City 1968 building 
code load test with a 200 ton load on the driven pile; 
in this test the test pile is loaded in increments, until the 
load thereon is 200 tons, and the settlement of the pile 
under load is measured; under the 200 ton load the set 
tlement must be less than three-fourths inch and, dur 
ing a subsequent 96 hour period under the 200ton load, 
there must be no further measurable settlement After 
the resistance criterion of 8 to 10 blows per inch to give 
a 100 ton acceptable design capacity was confirmed by 
appropriate load testing, a group of three piles was 
driven. The axis of each pile was 4% feet from the axis 
of the other two; thus, the axes formed the apices of an 
equilateral triangle whose sides were each4%feet long. 
The first pile to be driven had a C-tip. With this pile, 
having the larger tip, the resistance criterion was at 
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tained, and driving was stopped, after the pile had pene 
trated only 8 feet into the bearing stratum. The next 
two piles to be driven had A-tips. It was found that with 
each of these piles the resistance criterion was attained 
(and driving was stopped) after the piles had pene 
trated only 6 feet into the bearing stratum. Thus by first 
driving a pile having a larger tip and then two piles hav 
ing smaller tips the desired bearing capacity was at 
tained with much shorter pile stems (20 feet, as com 
pared to 34 feet). This represents, a considerable, saving 
in cost. Also all the tips were at about the same level 
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in the same stratum, which is desirable because all tips 
are in a continuous zone of compaction. Furthermore, 
the total number of blows (and the time) required for 
driving the group of three piles was less than if all piles 
had A-tips. I believe that the use of a larger tip for the 
initial pile of the group acts to compact the soil for a 
considerable distance (measured horizontally) around 
the tip, making it better able to support the subse 
quently driven piles. 

FIG. 16 is a plan view illustrating an arrangement of 
piles in a group of 15 covering a rectangular area, the 
spacings between the center lines of the piles being 
equal along the major axes. In this arrangement the 
central pile 71 having a D-tip is driven first. After that 
piles 72,73, 74, 75 having C-tips are driven symmetri 
cally about the central pile, and then piles 76, 77, 78, 
79, 80 and 81, having B-tips, and finally piles 82, 83, 
84 and 85, having A-tips, are driven in a symmetrical 
arrangement, with the centerline spacings along the 
major axes being equal and in the range of, say, about 
42 to 6 feet. 

FIG. 17 is a view in elevation illustrating an arrange 
ment in which there are only two piles 89,90 joined by 
a pile cap 91. The pile 89 having the larger tip is driven 
first. The cap is of course emplaced after the piles have 
been driven. 
FIG. 18 is an elevation taken through pile cap 94 and 

the middle rows of piles in FIG. 16 showing the pile 
penetrations below the top of bearing strata S. 
FIG. 19 is an elevation as in FIG. 18, but showing the 

relative penetrations of the piles if all tips were A-tips. 
The central pile in this, driven first, would then pene 
trate deeper than the corresponding central pile 71 in 
FIG. 17, having a D-tip. Subsequent piles having A-tips 
would penetrate less with a likelihood that differences 
in penetration would be greater than those shown for 
FIG. 18 unless these piles are overdriven (at consider 
able expense due to the resistances involved). In the 
case of FIG. 18 densification of the bearing strata S 
starts to take place upon penetration of the tip into that 
bearing strata and resistance is quickly generated to the 
large tip pile 71. Subsequent piles with smaller tips ben 
efit from this densification and these will meet ade 
quate resistance at or slightly above the penetration of 
pile 71. However, in FIG. 19, the initially driven central 
pile must penetrate deeply enough into the bearing 
strata where the soil in its undisturbed state has a de 
gree of compaction sufficient to produce adequate 
driving resistance. Subsequent piles with the same tip 
size will meet the requied resistance at the higher eleva 
tions shown because of densification caused by the pre 
viously driven piles. In general it is desirable that all tips 
of a group of piles joined by a single cap, be driven to 
such levels that a single horizontal plane will intersect 
all the tips, albeit at different levels of the several tips; 
for instance, if all the tips are 6 feet in height the differ 
ence in elevations of any two tips of the group is advan 
tageously no more than about 6 feet. FIG. 19 also 
shows a column 98 supported by the pile cap. 

It is preferable that the horizontal spacing between 
the axes of any two adjacent tips be sufficient to reduce 
the possibility of interference between the adjacent 
outer shoulders of such tips; to this end it is preferable 
that the horizontal distance between these axes be well 
over a foot greater (and preferably at least 18 inches 
greater; e.g., 22inches greater) than the sum of the 
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maximum radii (i.e., the radii at their widest portions) 
of the two tips. 
While the aspect of the invention in which tips of dif 

ferent sizes are employed finds its greatest utility when 
the tips have a socketed construction as described ear 
lier in this specification, it may also be used with piles 
having tapered tips generally. 
FIGS. 20-22 illustrate an embodiment which is in 

tended for use with piles having enlarged tips, such as 
those described above, when their stems are of such 
construction, (e.g., a conventional threaded corru 
gated steel shell) and of such length (e.g., 40–50 feet 
or more) that the friction between the stem and the sur 
rounding soil may become so large as to strain the con 
nection between the tip and the stem. In this embodi 
ment the contact between the stem and the soil is re 
duced or prevented by the use of a protective sleeve or 
shield which is removed after the pile has been driven. 
More specifically, FIGS. 20-22 are cross-sectional 

views, in elevation, broken away, taken at different lev 
els along the length of the pile and mandrel. FIG. 20. 
shows the top of a protective sleeve and the upper por 
tion of the mandrel. FIG. 21 is taken at an intermediate 
level, and shows the relationship of protective sleeve, 
stem and mandrel. FIG. 22 shows the tip with the bot 
tom of the mandrel within its socket and the protective 
sleeve resting on top of the tip. In the specific embodi 
ment illustrated in the drawings the protective sleeve is 
a tube 101 (such as a heavy steel pipe) of about the 
same length as the corrugated stem 102. The mandrel 
comprises a heavy steel pipe 103, at whose lower end 
is a plate 104 resting on the base 106 of the socket 107 
of the tip 108. The plate 104 may be welded or other 
wise secured to the pipe 103. The top (not shown) of 
the mandrel receives the pile driving blows which are 
transmitted through it to the base of the socket. The 
tube 101 rests on the top of the tip and moves down 
ward, under its own weight, as the tip is driven down 
ward. The arrangement also includes means for supple 
menting the force of gravity on the tube 101 when the 
friction between it and the soil prevents it from follow 
ing the tip closely. Thus the upper portion of the man 
drel, which portion usually remains above ground 
throughout the driving, may have a shoulder, such as 
collar 109, positioned to engage the top of the tube 101 
when the tube lags appreciably behind the tip; the 
downward movement of the mandrel will then also 
force the tube 101 downwards. For instance the posi 
tion of the collar, in relation to the length of the tube 
101, may be such that the collar makes contact with the 
top of the tube when the top of the tip has been moved 
some 0.1 to 3 feet below the bottom of the tube 101. 
The collar may be welded or bolted to pipe 103. 

In operation, the tip may be placed with its base on 
the ground at the location where the pile is to be 
driven, the long stem 102 may then be attached to the 
tip, after which the long tube 101 may be fitted over the 
stem and the mandrel lowered into the stem with its 
base resting on the bottom of the socket of the tip. The 
pile is then driven by the hammer acting on the exposed 
top of the mandrel until, say, the resistance criterion 
for the design load has been attained; then the mandrel 
is withdrawn and the tube 101 (which has apertured 
lugs 111 for that purpose) is pulled out of the ground. 
The concrete may be poured into the stem after the 
tube 101 has been removed, but it is also within the 
broader scope of the invention, although usually less 
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desirable, to remove the tube after the stem has been 
filled with concrete. 
The tube 101 may be of such construction that it can 

move smoothly through the ground and can also with 
stand those forces, exerted on it at times by the man 
drel, that may be necessary to overcome friction with 
the ground. For example, it may be a smooth surfaced 
heavy steel pipe having a substantially uniform internal 
diameter slightly greater (e.g., about 1 to 6 inches 
greater) than the outside diameter of the corrugated 
sten. . . . . . . . ' 2 

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 group of driven piles having thereon a pile cap 

to distribute the load over the piles of said group, said 
piles having, at their bases, pre-formed tapered pile tips 
extending into a bearing stratum, said tips differing in 
displacement and comprising tips of larger and smaller 
displacement, a plurality of tips of smaller displace 
ment being situated adjacent to a tip of larger displac 
ment and being within a portion of said stratum which 
has previously been compacted by the nearby driving 
of said adjacent tip of larger displacement, said tips 
being tapered to increase in diameter upwards and hav 
ing a greater volume: height ratio than their stems, the 
maximum cross sectional area of said tips being at least 
twice the cross-sectional areas of their stems, the taper 
being less than about 3 inches per foot and the axial 
heights of said tips being at least about 2 feet, the spac 
ing of the axes of the tips of said group being at most 
about 6 feet and said larger tip having a displacement 
at least 5% greater than said smaller tips. 

2. In the process which comprises driving a group of 
piles and then emplacing thereon a pile cap to distrib 
ute the load over the piles of said group, the improve 
ment which comprises providing a group of preformed 
tapered pile tips having pile stems attached thereto, 
said tips differing in displacement, driving into a bear 
ing stratum a tip having a larger displacement and then 
driving another tip, of said group, having a smaller dis 
placement into said bearing stratum adjacent to said tip 
having a larger displacement, said tips being tapered to 
increase in diameter upwards and having a greater vol 
ume: height ratio than their stems, the maximum cross 
sectional area of said tips being at least twice the cross 
sectional areas of their stems, the taper being less than 
about 3 inches per foot and the axial heights of said tips 
being at least about 2 feet, the spacing of the axes of the 
tips of said group being at most about 6 feet and said 
larger tip having a displacement at least 5% greater 
then said smaller tip. 

3. Process as in claim 2 in which the larger tip has a 
displacement 10 to 20% greater than said smaller tip, 
a plurality of said smaller tips are driven adjacent to 
said driven larger tip with the spacing of the axes of said 
smaller tips and said larger tip being about 2% to 6 
feet, the driving of said smaller tips being stopped at 
about the same level in said stratum as the level of said 
previously driven larger tip, the resistance to driving 
said smaller tips in said stratum adjacent to said larger 
tip being greater than in the absence of said previously 
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driven larger tip, and being such as would be attained 
by driving to greater depths in said stratum in the ab 
sence of said larger tip, said stratum being of loose 
granular soil having an N-value less than 30. 

4. Method of producing a group of driven piles hav 
ing tips of reinforced concrete attached to stems whose 
diameters are smaller than the tips to which they are 
attached, comprising 

I. driving said piles with the axes of the tips of said 
group being at most about 6 feet apart, said tips dif 
fering in displacement, a tip having a larger dis 
placement being driven into a bearing stratum be 
fore an adjacent tip of smaller displacment 

II. the tips of said group being driven by a method 
which comprises 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 mandrel, the base of said cen 
tral cavity being spaced above the base of said tip 
so that between said bases there is 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 
between said bases receives and transmits the pile 
driving forces, removing said mandrel and pouring 
concrete into said stem whereby the poured con 
crete 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 
maximum horizontal cross-sectional area of the tip 
being about 5 to 15 times the crosssectional area of 
the stem, the taper being less than about 3 inches 
per foot, 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 cavity being 
lined with thin corrugated tubular metal shell, 
whereby said poured concrete is surrounded by 
said corrugated metal shell within said cavity and 
within said stem. 
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5. A group of driven piles in place in the ground 
I. the piles of said group having thereon a pile cap to 

distribute the load over the piles of said group, the 
piles of said group having tips differing in displace 
ment and comprising tips of larger and smaller dis 
placement, a tip of smaller displacement being situ 
ated adjacent to a tip of larger displacement and 
being within a portion of said stratum which has 
previously been comapcted by the nearby driving 
of said adjacent tip of larger displacement, 

II. the piles of said group each comprising a tubular 
stem attached to a tip of pre-cast reinforced con 
crete having a central cavity aligned with said tubu 
lar stem, and adapted to receive the lower end of 
a pile driving mandrel which is driven by a pile 
driving hammer, the base of said central cavity 
being spaced above the base of said tip so that be 
tween said bases there is a mass of the concrete of 
said tip which mass receives and transmits the pile 
driving forces, and a unitary body of concrete fill 
ing said cavity and extending up into said stem 
above said tip, said unitary body having been em 
placed after said driving and therefore having a 
structure unstressed by said driving, each said pile 
having a thin corrugated tubular metal shell inca 
pable of withstanding pile driving blows surround 
ing said unitary body of concrete within and above 
said cavity and forming said stem, said tip being ta 
pered to increase in diameter from the bottom up 
wards, 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 and the axial height of said 
tip being at least about 2 feet, said tip being embed 
ded in a bearing layer which has been compressed 
by the driving of said tip thereinto, said unitary 
body having been cast in place, each said pile ex 
tending through non-bearing soil to a bearing layer 
of loose, granular soil, said tip being embedded in 
said loose granular soil which has been compressed 
by the driving of said tip thereinto. 
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