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Description

1 Related Applications

[0001] This application claims priority to U.S. Patent
Application Serial No. 11/876,556 filed October 22, 2007
and which is incorporated herein by reference. Serial No.
11/876,556 is a continuation-in-part application of Serial
No. 11/747,271 filed May 11, 2007 which is a continuation
of 10/728,405 filed February 12, 2004 which is a utility
application based upon provisional application Serial No.
60/513,755 filed October 23, 2003, all of which are incor-
porated herein by reference.

2 Background of the Invention

[0002] In a principal aspect, the present invention re-
lates to a method and apparatus for constructing a sup-
port pier comprised of one or more compacted lifts of
aggregate material, such as generally known from WO
2005/090689 A. The apparatus enables formation or con-
struction of a single or multi-lift pier within a soil matrix
while simultaneously reinforcing the soil adjacent the
pier. The apparatus thus forms a cavity in the soil matrix
by forcing a hollow tube device into the soil matrix fol-
lowed by raising the tube device, releasing or injecting
aggregate through the tube device into the cavity section
beneath the raised tube device and then for multi-lift piers
driving, pushing, lowering, and/or forcing, the tube device
downward to compact the released aggregate material
while simultaneously forcing the aggregate material ver-
tically downward and laterally outward into the surround-
ing soil matrix.
[0003] In U.S. Patent No. 5,249,892, incorporated
herewith by reference, a method and apparatus are dis-
closed for constructing short aggregate piers in situ. The
process includes drilling a cavity in a soil matrix and then
introducing and compacting successive layers or lifts of
aggregate material in the cavity to form a pier that can
provide support for a structure. Such piers are made by
first drilling a hole or cavity in a soil matrix, then removing
the drill, then placing a relatively small, discrete layer of
aggregate in the cavity, and then ramming or tamping
the layer of aggregate in the cavity with a mechanical
tamper. The mechanical tamper is typically removed after
each layer is compacted, and additional aggregate is
then placed in the cavity for forming the next compacted
layer or lift. The lifts or layers of aggregate, which are
compacted during the pier forming process, typically
have a diameter of 2 to 3 feet and a vertical rise of about
12 inches.
[0004] This apparatus and process produce a stiff and
effective stabilizing column or pier useful for the support
of a structure. However this method of pier construction
has a limitation in terms of the depth at which the pier
forming process can be accomplished economically, and
the speed with which the process can be conducted. An-
other limitation is that in certain types of soils, especially

sand soils, cave-ins occur during the cavity drilling or
forming process and may require the use of a temporary
casing such as a steel pipe casing. Use of a temporary
steel casing significantly slows pier production and there-
fore increases the cost of producing piers. Thus, typically
the process described in Patent No. 5,249,892 is limited
to forming piers in limited types of soil at depths generally
no greater than approximately 25 feet.
[0005] As a result, there has developed a need for a
unique pier construction process and associated special
mechanical apparatus which can be successfully and
economically utilized to form or construct aggregate piers
at greater depths, at greater speeds of installation, and
in sands or other soils that collapse and are unstable
when drilled, without the need for a temporary casing,
yet having the attributes and benefits associated with the
short aggregate pier method, apparatus, and construc-
tion disclosed in Patent No. 5,249,892, as well as addi-
tional benefits.

3 Brief Description of the Invention

[0006] Briefly, the present invention comprises a meth-
od for installation of a pier formed from one or more layers
or formed lifts of aggregate material, with or without ad-
ditives, and includes the steps of positioning or pushing
or forcing an elongate hollow tube having a special
shaped bottom head element and unique tube configu-
ration into a soil matrix, filling the hollow tube including
the bottom head element with an aggregate material, re-
leasing a predetermined volume of aggregate material
from the bottom head element as the hollow tube is lifted
a predetermined incremental distance in the cavity
formed in the soil matrix, and then imparting an axial,
static vector force and optional dynamic vector forces
onto the hollow tube and its special bottom head element
to transfer energy via the lower end of the shaped bottom
head element of the hollow tube to the top of the lift of
released aggregate material thereby vertically compact-
ing the lift of aggregate material and also, simultaneously
forcing a portion of the released aggregate material lat-
erally or transaxially into the sidewalls of the cavity. Lifting
of the hollow tube having the special bottom head ele-
ment followed by pushing down with an applied axial or
vertical static vector force and optional dynamic vector
forces impacts the aggregate material which is not shield-
ed by the hollow tube from the sidewalls of the cavity at
the time of impaction, thereby densifying and vertically
compacting the aggregate material as well as forcing a
portion of the aggregate material laterally outward into
the soil matrix due to the shaped bottom of the bulbous
bottom head element facilitating lateral forces on and
within the released aggregate material and therefore im-
parting lateral stress on the adjacent soil matrix. The re-
leased, compacted, and partially displaced aggregate
material thus defines a "lift" which generally has a lateral
dimension or diameter greater than that of the cavity
formed by the hollow tube and bulbous bottom head el-
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ement resulting in a pier construction formed of one or
more compacted lifts of aggregate material.
[0007] The aggregate material is released from the
special bottom head element of the hollow tube as the
bulbous bottom head element is lifted, preferably in pre-
determined incremental steps, first above the bottom of
the cavity and then above the top portion of each of the
successive pier aggregate lifts that has been formed in
the cavity and the adjacent soil matrix by the process.
The aggregate material released from the hollow tube is
compacted by the compacting forces delivered by the
hollow tube and special bottom head element after the
hollow tube has been lifted to expose a portion of the
cavity while releasing aggregate material into that ex-
posed portion. The hollow tube and bulbous bottom head
element is next forced downward to vertically compact
the aggregate and to push a portion of the aggregate
laterally into the soil matrix. The aggregate material is
thereby compacted and partially displaced in predeter-
mined, sequential increments, or lifts. The process is con-
tinuously repeated along the length or depth of the cavity
with the result that an aggregate pier or column of sep-
arately compacted lifts or layers is formed within the soil
matrix. A vertically compacted aggregate pier having a
length of fifty (50) feet or greater can be constructed in
this manner in a relatively short period of time without
removal of the hollow tube and special bottom head el-
ement from the soil. The resulting vertically compacted
aggregate pier also generally has a formed cross sec-
tional dimension consistently greater than that of the hol-
low tube.
[0008] A number of types of aggregate material can be
utilized in the practice of the process including crushed
stone of many types from quarries, or re-cycled, crushed
concrete.
[0009] Additives may include water, dry cement, or
grout such as water-cement sand-grout, fly-ash, hydrat-
ed lime or quicklime, or any other additive may be utilized
which may improve the load capacity or engineering
characteristics of the formed aggregate pier. Combina-
tions of these materials may also be utilized in the proc-
ess.
[0010] The hollow tube with the bulbous bottom head
element may be positioned within the soil matrix by push-
ing and/or vertically vibrating or vertically ramming the
hollow tube having the leading end, bulbous bottom head
element into the soil with an applied axial or vertical vector
static force and optionally, with accompanying dynamic
vector forces. The soil matrix, which is displaced by initial
forcing, pushing and/or vibrating the hollow tube with the
special bottom head element, is generally displaced and
compacted laterally and vertically downward into the pre-
existing soil matrix. If a hard or dense layer of soil is en-
countered, the hard or dense layer may be penetrated
by pre-drilling or pre-penetrating that layer to form a cavity
or passage into which the hollow tube and special bottom
head element may be placed and driven.
[0011] The hollow tube is typically constructed from a

uniform diameter tube with a bulbous bottom head ele-
ment and may include an internal valve mechanism near
or within the bottom head element or a valve mechanism
at the lower end of the head element, or it may not include
an internal valve closing and opening mechanism. The
hollow tube is generally cylindrical with a constant, uni-
form, lesser diameter along an upper section of the tube.
The bulbous or larger external diameter lower end of the
hollow tube (i.e. bulbous bottom head element) is integral
with the lesser diameter hollow tube or may be separately
formed and attached to the lower end of the lesser diam-
eter hollow tube. That is, the bulbous bottom head ele-
ment is also typically cylindrical, and has a greater ex-
ternal diameter or external cross sectional profile than
the remainder of the hollow tube and is concentric about
the center line axis of the hollow tube. The lead end of
the bulbous bottom head element is shaped to facilitate
penetration into the soil matrix and to transmit desired
vector forces to the surrounding soil during penetration
as well as to the aggregate material subsequently re-
leased from the hollow tube. The transition from the less-
er external diameter hollow tube section to the special
bottom head element may comprise a frustoconical
shape. Similarly, the bottom of the head element may
employ a frustoconical or conical shape to facilitate soil
penetration and subsequent aggregate compaction. The
leading end of the bulbous bottom head element may
include a sacrificial cap member which is fixed to the
bottom head element while penetrating the soil matrix
upon initial placement of the hollow tube into the soil ma-
trix, to prevent soil from entering the hollow tube. The
sacrificial cap may then be released or disengaged from
the end of the hollow tube to reveal an end passage when
as the hollow tube is first lifted so that aggregate material
may be released through the hollow tube and may flow
into the cavity which results from lifting the hollow tube.
[0012] Alternatively, or in addition, the leading end of
the bulbous bottom head element may include an internal
mechanical valve that is closed during initial penetration
of the soil matrix by the hollow tube and bulbous bottom
head element, but which may be opened during lifting to
release aggregate material. Other types of leading end
valve mechanisms and shapes may be utilized to facili-
tate initial matrix soil penetration, prevent soil entrance
into the hollow tube, permit release of aggregate material
when the hollow tube is lifted, and to transmit vector forc-
es in combination with the leading end of the special bot-
tom head element to compact the successive aggregate
lifts.
[0013] Further, the apparatus may include means for
positioning one or more vertical uplift members within the
formed pier for subsequent use as a vertical uplift anchor
force resistance member, as well as for a tell-tale member
within the formed pier for measuring the movement of
the bottom of the formed pier upon loading, such as dur-
ing load testing. Such ancillary features or means may
be introduced through the interior of the hollow tube dur-
ing formation of the pier.
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[0014] Alternatively, uplift anchor rods or a tell-tale rod
or rods may be placed on the outside of the hollow tube
and the bulbous bottom head element. Such rods would
run longitudinally along the length of the hollow tube and
head element and thus be positioned at the side of the
cavity formed thereby. One, or two or more rods may be
placed in such a manner. The rods placed on the outside
of the hollow tube and head element may be employed
alone or in combination with such rods initially positioned
on the inside of the hollow tube.
[0015] As yet another feature of the invention, vibration
dampers may be employed in combination with a hopper
that feeds aggregate or other material into the hollow
tube. Thus, two or more dampers may be used and thus,
employed in combination with the driving mechanism.
[0016] In another aspect of the invention, the diameter
of the hollow tube along its longitudinal length between
the hopper or top end of the hollow tube and the bulbous
bottom head element may be varied. The largest diam-
eter hollow tube section may be positioned at the top of
the hollow tube, with progressively smaller diameter sec-
tions below the largest diameter section, the smallest of
which is joined to the bottom head element. This arrange-
ment can effect reduction in total weight of the hollow
tube, while increasing the strength in those portions of
the hollow tube where greater strength is required. The
hollow tube may be assembled in multiple sections which
are bolted, welded or otherwise fastened together. The
outer configuration of adjacent sections may also be var-
ied, for example, they may have various geometrical
cross sectional shapes such as circular, elliptical, hex-
agonal, etc. The sections may be pre-assembled or as-
sembled by connecting them seriatim during soil pene-
tration.
[0017] In the practice of the method of the invention, it
may be advantageous to utilize crushed stone which has
angular facets or faces rather than rounded or river stone
which is more commonly used with other soil improve-
ment methods. The ability to use crushed stone in the
practice of the method enables the use of a material not
commonly employed for building such piers and, as such,
provides the capability to construct a pier having certain
practical advantages such as a higher density and a
greater stiffness. Nonetheless, rounded or river stone
may also be used. Combinations of such stone including
crushed stone and rounded or river stone may also be
used.
[0018] As another feature of the invention, the hollow
tube and bulbous bottom head element may be appro-
priately guided in movement into the soil matrix by means
of an alignment guide. The alignment guide provides an
additional function of preventing the hollow tube and spe-
cial bottom head element from displacing laterally ("kick-
ing out") during initial penetration into the soil matrix. One
example of a special alignment guide is a toroidal guide
member encircling the hollow tube and fastened to the
drive machine to provide for guidance thereof for the hol-
low tube and bulbous bottom head element. Other forms

of special alignment guides can be utilized and more than
one alignment guide may be utilized.
[0019] As yet another feature, the hollow tube and bul-
bous bottom head element may be forced or driven into
a soil matrix by means of a vibratory hammer which is
fastened thereto by means of a lock plate construction.
The lock plate is held in position by bolts or rods which
are retained by special lock washers, for example, the
special lock washers having the commercial name
"Northlock Washers". This arrangement reduces the
electricity created between the driving apparatus and the
hollow tube with bulbous bottom head element.
[0020] The typical exterior diameter of a circular cross
section embodiment of the special bottom head element
is in the range of about 14 inches. Other typical sizes in
terms of the diameter of the head element include a head
element having a diameter of anywhere from 12 to 16
inches and the range of the practicable diameters of a
head element may be from about 10 to about 20 inches.
This differs from other tubular apparatus for soil improve-
ment which typically are larger, from 24 to 36 inches in
diameter. The shape of the head element in cross section
is typically cylindrical, although other shapes may be uti-
lized to provide the relative bulbous shape of the bulbous
bottom head element when contrasted with the cross
sectional area of the hollow tube section attached there-
to.
[0021] A sensor device may be attached to the bulbous
bottom head element to measure the vertical force over
time as encountered by the bulbous bottom head element
during the vertical compaction and lateral displacement
of aggregate process. The sensor device enables meas-
urement of the vertical force and the duration of vertical
force being placed thereon. The sensor device can be
attached to the bulbous bottom head element, for exam-
ple, just above the lower shaped portion thereof to pro-
vide axial and transaxial readings.
[0022] As another feature, the apparatus of the inven-
tion may be used in combination with aggregate, with
cementatious grout in combination with aggregate, or
with concrete, as well as other pier forming materials.
[0023] As another feature, the apparatus and method
of the invention may be utilized in stiff, very stiff, medium
dense or hard soils. In certain circumstances, one may
pre-drill at least in part the soil at a pier location. Alter-
natively, it is possible to pre-penetrate the soil at a pier
location with a special designed penetration head ele-
ment fastened to a shaft. The cross sectional area of the
shaft is typically less than the maximum cross sectional
area of the penetration head element. The maximum di-
ameter of the penetration head element is typically less
than the diameter of the bulbous bottom head element
attached to the elongate hollow tube. A conical penetra-
tion head on a shaft is an effective shape for the special
designed penetration head element, although other con-
figurations may be used. The operation of the pre-pen-
etration step is prior to and typically separate from the
steps of installing the pier by means of the hollow tube
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and bulbous bottom head element.
[0024] As another feature of the invention, aggregate
piers made in accord with the apparatus and method of
the invention may be installed at a depth beneath a soil
surface. The aggregate pier may then serve as a base
or support for an alternative type of pier construction.
Thus, two or more different types of pier segments, one
of which is the system described herein, may be joined
or coupled or stacked to form a single pier.
[0025] The discharge opening at the extreme distal end
of the bulbous bottom head element may vary in size.
Typically, since the bottom head element is utilized to
discharge aggregate or other similar material from an
opening, then a portion of the extreme distal end of the
bulbous bottom head element will comprise a generally
horizontal structure coupled with a conical or generally
conical surface. The bottom opening will typically com-
prise less than fifty percent of the surface area of the
generally horizontal portion or section and the generally
conical surface portion. The horizontal bottom portion
and the generally conical portion impart forces directly
onto aggregate released or discharged from the bottom
opening.
[0026] Thus, it is an object of this invention to provide
a hollow tube apparatus with a special design, larger ef-
fective diameter than the hollow tube, bulbous bottom
head element useful to create a compacted aggregate
pier, with or without additives, that extend to a greater
depth and to provide an improved method for creating a
pier which extends to a greater depth than typically en-
abled or practiced by known, existing short aggregate
pier technology.
[0027] Yet another object of the invention is to provide
an improved method and apparatus for forming a pier of
compacted aggregate material that does not require the
use of temporary steel casing during the pier formation
process, particularly in soils susceptible to caving in such
as sandy soils and soils below the ground water table.
[0028] Yet another object of the invention is to provide
an improved method and apparatus for forming a pier of
compacted aggregate material that may include a multi-
plicity of optional additives, including a mix of aggregate,
the addition of water, the addition of dry cement, the ad-
dition of cementatious grout, the addition of water-ce-
ment-sand, the addition of fly-ash, the addition of hydrat-
ed lime or quicklime, and the addition of other types of
additives, including the use of concrete, to improve the
engineering properties of the matrix soil, of the aggregate
materials and of the formed pier.
[0029] Yet a further object of the invention is to provide
an aggregate material pier construction which is capable
of being installed in many types of soil and which is further
capable of being formed at greater depths and at greater
speeds of construction than known prior aggregate pier
constructions.
[0030] Yet a further object of the invention is to provide
an improved method and apparatus for forming a pier of
compacted aggregate material within a softened or loos-

ened aggregate pier previously formed by different pier
construction process and with different apparatus than
that described herein in order to stabilize and stiffen the
previously formed pier.
[0031] Another object of the invention is to provide a
pier forming apparatus useful for quickly and efficiently
constructing compacted multi-lift aggregate piers and/or
aggregate piers comprised of as few as a single lift.
[0032] These and other objects, advantages and fea-
tures of the invention will be set forth in the detailed de-
scription which follows.

4 Brief Description of the Drawings

[0033] In the detailed description which follows, refer-
ence will be made to the drawing comprised of the fol-
lowing figures:

Figure 1 is a schematic view of a hollow tube with a
special bottom head element being pushed, forced
or driven into soil by a vertical, static vector force and
optional dynamic forces;

Figure 2 is a schematic view of a subsequent step
from Figure 1 wherein aggregate material is placed
into a hopper and fed into the hollow tube. Hopper
may also be detached from the hollow tube and
placed on the ground rather than on top of the hollow
tube;

Figure 3 is a cross sectional view of a hopper that
has double two or more isolation dampers and may
be used in combination with the hollow tube;

Figure 3A is a sectional, isometric view of the hopper
and hollow tube of Figure 3;

Figure 3B is an isometric view of the hopper and
hollow tube of Figure 3;

Figure 4 is a cross sectional schematic view of a
hollow tube having an internal pinch or check valve;

Figure 5 is a schematic view depicting the step of
optional introduction of water, cementatious grout or
other additive material into the hollow tube with re-
circulation provided to a water or grout reservoir. Ad-
ditive materials may also be introduced directly into
the hollow tube;

Figure 6 is a schematic view depicting a step sub-
sequent to the step of Figure 2 wherein the hollow
tube with its bulbous bottom head element are lifted
a predetermined distance to temporarily expose a
hollow cavity portion in the soil matrix to allow ag-
gregate to quickly fill the exposed hollow cavity por-
tion;
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Figure 7 is a schematic view of the process step
subsequent to Figure 6 wherein a bottom valve in
the bottom portion of the hollow tube is opened re-
leasing aggregate into an unshielded, hollow cavity
section;

Figures 8A and 8B are schematic cross sectional
views of an alternative to the device and step repre-
sented or illustrated in Figure 7 wherein the bulbous
bottom head element of the hollow tube includes a
sacrificial cap which is released into the bottom of a
formed cavity when the hollow tube and special bot-
tom head element are raised a predetermined dis-
tance, as shown in Figure 8B;

Figure 8C is a sectional view of the sacrificial cap
of Figure 8B taken along the line 8C-8C in Figure 8B;

Figure 9 is a schematic view wherein the hollow tube
and its associated special bottom head element pro-
vide a vertical, static vector force with optional dy-
namic forces to move the hollow tube and bulbous
bottom head element downward a predetermined
distance by impacting and compacting the aggre-
gate material released from the hollow tube and by
pushing a portion of the aggregate material laterally
into the soil matrix;

Figure 10 is a schematic view of the hollow tube and
its special bottom head element being lifted a pre-
determined distance to form a second lift;

Figure 11 is a schematic view of the hollow tube and
bulbous bottom head element operating to provide
a vertical vector force to move the hollow tube and
bulbous bottom head element downward a prede-
termined distance to form the second compacted lift
on the top of a first compacted lift;

Figure 12 is a schematic view of the hollow tube with
an optional reinforcing steel rod element or tell-tale
element attached to a plate for installation inside of
a formed aggregate pier;

Figure 13 is a schematic view of the hollow tube
wherein optional water or water-cement-sand grout,
or other additive is combined with aggregate in the
hollow tube;

Figure 14 is a vertical cross sectional view of the
special bottom head element with a trap door-type
bottom valve;

Figure 15 is a cross sectional view of the bulbous
bottom head element of Figure 14 taken along the
line 15--15;

Figure 15A is a cross sectional view of a portion of

an alternative bulbous bottom head element of the
type depicted in Figure 14;

Figure 16 is a cross sectional view of the special
bottom head element including a sacrificial cap at
the lower end similar to Figure 8A;

Figure 17 is a cross sectional view of the special
bottom head element with an optional uplift anchor
member or tell-tale member attached to a plate;

Figure 18 is a cross sectional view of a partially
formed multiple lift aggregate pier formed by the hol-
low tube and special bottom head element and meth-
od of the invention;

Figure 19 is a cross sectional view of a completely
formed multiple lift aggregate pier formed by hollow
tube and special bottom head element and method
of the invention;

Figure 20 is a cross sectional view of a formed, mul-
tiple lift aggregate pier with an optional reinforcing
steel rod having an attached plate which enables the
formed pier to comprise an uplift anchor pier or to
include a tell-tale element for subsequent load test-
ing;

Figure 21 is a cross sectional view of formed aggre-
gate pier being preloaded or having an indicator
modulus load test being performed on the completed
pier;

Figure 22 is a graph illustrating comparative load
test plots of the present invention compared with a
drilled concrete pile in the same soil matrix formation;

Figure 23 is a schematic, cross sectional view of a
method of use of the apparatus of the invention to
form a single lift aggregate pier or an aggregate pier
wherein a single lift or an extended lift is first formed
to fill the cavity with aggregate and then an optional
second step may be performed of re-penetrating into
the single lift or extended lift to make subsequent
thin lifts ;

Figure 24 is a schematic cross sectional view of con-
tinuation of the method illustrated by Figure 23;

Figure 25 is a schematic cross sectional view of fur-
ther continuation of the step depicted in Figure 24;

Figure 26 is a schematic cross sectional view of the
further continuation of the method illustrated by Fig-
ures 22-24;

Figure 27 is a diagrammatic view illustrating the in-
corporation of two or more uplift or tell-tale rods ex-
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ternal to the hollow tube and attached bottom plate
or sacrificial cap;

Figure 27A is a lateral side view of the construction
of Figure 27;

Figure 27B is a bottom plan view of the construction
of Figure 27;

Figure 28 is a diagrammatic view illustrating appa-
ratus incorporating different cross sectional area
sections of a hollow elongate tube in combination
with a bulbous bottom head element;

Figure 29 is a diagrammatic view of an aggregate
pier which incorporates uplift anchors;

Figure 30 is a diagrammatic view of an aggregate
pier made in accord with the invention which incor-
porates tell-tale rods utilized for the conduct of load
tests;

Figure 31 is a diagrammatic view of an embodiment
of the invention apparatus for aligning the hollow
tube and bulbous bottom head upon for insertion into
a soil matrix;

Figure 32 is a diagrammatic view of a bulbous bot-
tom head element incorporating a sensor device for
measuring force or pressure over time during the
making of an aggregate pier;

Figure 33 is an exploded diagrammatic view of ap-
paratus for attachment of a vibratory hammer to a
hollow tube in order to effect positioning of the hollow
tube and bulbous bottom head element into a soil
matrix;

Figure 34 is a diagrammatic view of a soil matrix
pre-penetration device which may be used in com-
bination with apparatus comprising an embodiment
of the invention;

Figure 35 is a diagrammatic view of a pier comprised
of a composite of pier sections made in accord with
a method of the invention in combination with other
methods to result in a new combination;

Figure 36 is a bottom end view of a bulbous bottom
head element depicting the orifice or opening at the
extreme distal end thereof for the passage of aggre-
gate and/or other material;

Figure 37 is a diagrammatic drawing of an alternate
construction comprising a telescoping hollow tube;
and

Figure 38 is a further diagrammatic drawing of the

embodiment of Figure 37.

5 Detailed Description of the Invention

5.1 General Construction

[0034] Figures 1, 2, 5, 6, 7, 9, 10, 11, 12, 13, 18, 19,
20 and 23-26 illustrate the general overall method of con-
struction of the pier forming device or mechanism and
various as well as alternative sequential steps in the per-
formance of the method of the invention that produce the
resultant aggregate pier construction. Referring to Figure
1, the method is applicable to placement of piers in a soil
matrix which requires reinforcement for the soil to be-
come stiffer and/or stronger. A wide variety of soils may
require the practice of this invention including, in partic-
ular, sandy and clay soils. With the invention, it is possible
to construct piers comprised of one or more lifts, utilizing
aggregate materials and optionally utilizing aggregate
materials with additive materials such as water, cement,
sand or grout. The resulting piers have greater stiffness
and strength than many prior art aggregate piers, can
economically be extended to or built to greater depths
than many prior art aggregate piers, can be formed with-
out use of temporary steel casing unlike many prior art
aggregate piers, can be installed faster than many prior
art aggregate piers, can be installed using less aggregate
materials per foot of pier length than many prior art ag-
gregate piers, and can be installed without causing soil
matrix spoils from being discharged or accumulating at
the ground surface in the vicinity of the top of pier.
[0035] As a first step of the method, a hollow tube or
hollow shaft 30 having a longitudinal axis 35 including or
with a special bottom head element 32, is pushed by a
static, axial vector force driving apparatus 37 in Figure 3
and optionally vertically (axially) vibrated or rammed or
both, with dynamic vector forces, into a soil matrix 36.
The portion of soil matrix 36, that comprises the volume
of material displaced by pushing a length of the hollow
tube 30 including the bulbous bottom head element 32,
is forced primarily laterally thereby compacting the adja-
cent soil matrix 36. As shown in Figure 1, the hollow tube
30 may comprise a cylindrical steel tube 30 having a lon-
gitudinal axis 35 and an external diameter in the range
of 6 to 14 inches, for example. In the event that a layer
of hard or dense soil prevents pushing of the hollow tube
30 and special bottom head element 32 into the soil ma-
trix 36, such hard or dense layer may be pre-drilled, or
pre-penetrated, and the pushing process may then con-
tinue utilizing the driving apparatus 37.
[0036] Typically, the hollow tube 30 has a uniform cy-
lindrical external shape, although other shapes may be
utilized. Though the external diameter of the hollow tube
30 is typically 6 to 14 inches, other diameters may be
utilized in the practice of the invention. Also, typically, the
hollow tube 30 will be extended or pushed into the soil
matrix 36 to the ultimate depth of the aggregate pier, for
example, up to 50 feet or more. The hollow tube 30 will
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normally fasten to an upper end drive extension 42 which
may be gripped by a drive apparatus or mechanism 37
to push and optionally vibrate or ram, the hollow tube 30
into the soil matrix 36. Alternately, as shown in Fig 33,
the hollow tube 30 may be fastened to a base plate 558
and from the base plate to the drive apparatus 556.
[0037] Figures 3, 3A and 3B illustrate a feature that
may be associated with the hopper 34 when the hopper
is located at the top of the hollow tube 30. Double isolation
dampers 46, 48 are affixed to the upper and lower sides
of the hopper 34 to reduce the vibration buildup of the
hopper 34 and thereby provide a hopper assembly with
greater structural integrity. An extension 42 is affixed to
hollow tube 30 to impart the static and dynamic forces
on the tube 30. Extension 42 is isolated from hopper 34
and thus is slidable relative to dampers 46, 48.
[0038] The hopper 34, which contains a reservoir 43
for aggregate materials, when located at the top of the
hollow tube 30, will typically be isolated by the isolation
dampers 46, 48 from extension 42. The vibrating or ram-
ming device 37 which is fastened to extension 42 may
be supported from a cable or excavator arm or crane.
The weight of the hopper 34, ramming or vibrating device
37 (with optional additional weight) and the hollow tube
30 may be sufficient in some matrix soil conditions to
provide a static force vector without requiring use of a
separate static force drive mechanism. The static force
vector may optionally be augmented by a vertically vi-
brating and/or ramming dynamic force mechanism. Also,
the hopper 34 may be separate from the hollow tube 30
and extension 42. For example, a separate hopper not
mounted on the top of the hollow tube 30 (not shown)
may feed aggregate or other material into the hollow tube
30 along the side of the tube.
[0039] Figure 3(c) illustrates the manner of incorporat-
ing a copper 34 in combination with a tube for feeding
aggregate or other material into a passage formed in the
soil matrix. Specifically damper mechanisms 46 and 48
are attached respectively to the hopper 34 and to the
feed tube 42. The attachment is effected through an elas-
tic connector 46 and 48 which effectively dampens the
forces, particularly laboratory forces that may be impart-
ed to the vertical feed tube 42.
[0040] Figure 4 illustrates an optional feature of the
hollow tube 30. A restrictor, pinch valve, check valve or
other type of valve mechanism 38 may be installed within
the hollow tube 30 or in the special bottom head element
or lower end section 32 of the hollow tube 30 to partially
or totally close off the internal passageway of the hollow
tube 30 and stop or control the flow or movement of ag-
gregate materials 44 and optional additive materials. This
valve 48 may be mechanically or hydraulically opened,
partially opened or closed in order to control movement
of aggregate materials 44 through the hollow tube 30. It
may also operate by gravity in the manner of a check
valve which opens when raised and closes when lowered
onto the aggregate material 44.
[0041] Figure 14 illustrates a construction of the bul-

bous bottom head element or section 32. The bulbous
bottom head element 32 is cylindrical, although other
shapes may be utilized. The external diameter of the spe-
cial bottom head element 32 is greater than the nominal
external diameter of the upper section 33 of the hollow
tube 30 and is typically 12 to 18 inches, although other
diameters and/or cross sectional profiles may be utilized
in the practice of the invention. Thus, the head element
32 will have cross sectional dimensions or area greater
than that of hollow tube 30 immediately adjacent thereto.
[0042] Figures 14, 15 and 15A illustrate an embodi-
ment of the invention having a valve mechanism incor-
porated in the bulbous bottom head element 32. The bul-
bous bottom head element 32 has a frustoconical bottom
section or other shaped, bottom portion 50 with an ag-
gregate material 44 discharge opening 52 that opens and
closes as a valve plate 54 exposes or covers the opening
52. The valve plate 54 is mounted on a rod 56 that slides
in a hub 59 held in position by radial struts 58 attached
to the inside passage walls of the bulbous bottom head
element 32 of the hollow tube 30. The plate 54 slides to
a closed position when the hollow tube 30 is forced down-
ward into the soil matrix 36 and slides to an open position
when hollow tube 30 is raised, thus allowing aggregate
material 44 to flow. The opening of valve 54 is controlled
or limited by rod 56 which has a head 56a that limits
sliding movement of rod 56. The hollow tube 30 may thus
be driven to a desired depth 81 (Figure 6) with opening
52 closed by plate 54. Then as the hollow tube 30 is
raised (for example, the distance 91 in Figure 10), the
plate 54 extends or moves downwardly due to gravity so
that aggregate material 44 will flow through opening 52
into the cavity formed due to the raising of the hollow
tube 30. Thereafter, the tube 30 is impacted or driven
downwardly closing valve plate 54 and compacting the
released material to form a compacted lift 72. In the em-
bodiment of Figures 14, 15, 15A the valve plate 54 moves
in response to gravity. However, rod 56 may alternatively
be replaced or assisted in movement by a fluid drive,
mechanical or electrical mechanism. Alternatively, as de-
scribed hereinafter, the plate 54 may be replaced by a
sacrificial cap 64 or by the bottom plate of an uplift anchor
or a tell-tale mechanism 70 as described hereinafter. Al-
so, the check valve 38 in Figure 4 may be utilized in place
of the valve mechanism depicted in Figures 14, 15, 15A.
[0043] Typically, the internal diameter of the hollow
tube 30 and head element 32 are uniform or equal,
though the external diameter of the bulbous bottom head
element 32 is greater than that of hollow tube 30. Alter-
natively, when a valve mechanism 54 is utilized, the in-
ternal diameter of the head element 32 may be greater
than the internal diameter of the hollow tube 30. Bulbous
bottom head element 32 may be integral with hollow tube
30 or formed separately and bolted or welded onto hollow
tube 30. Typically, the inside diameter of the hollow tube
30 is between 6 to 10 inches and the external diameter
of the special bottom head element 32 is about typically
12 to 18 inches. The opening diameter 53 in Figure 14
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at the extreme lower end or leading end of the special
bottom head element 32 may be equal to or less than
the internal diameter of the head element 32. For exam-
ple, referring to Figure 14, the head element 32 may have
an internal diameter of 12 inches and the opening diam-
eter 53 may be 6 to 10 inches, while in Figure 16, with
the sacrificial cap embodiment described hereinafter, the
discharge opening of head element 32 has the same di-
ameter as the internal diameter of the head element 32
and hollow tube 30.
[0044] Also the plate or valve 54 may be configured to
facilitate closure when the hollow tube 30 is pushed
downward into the soil matrix 36 or against aggregate
material 44 in the formed cavity. For example, the diam-
eter of member 54 may exceed that of opening 52 as
shown in Figure 14 or the edge 55 of the valve member
may be beveled as depicted in Figure 15A to engage
beveled edge 59 of opening 52. Then when applying a
static or other downward force to the hollow tube 30, the
valve plate 54 will be held in a closed position relative to
opening 52.
[0045] The lower bulbous bottom head element 32 of
hollow tube 30 typically has a length in the range of one
to three times its diameter or maximum lateral dimension.
The bulbous bottom head element 32 provides enhanced
lateral compaction forces on the soil matrix 36 as tube
30 penetrates or is forced into the soil and thus renders
easier the subsequent passage of the lesser diameter
section 33 of the hollow tube 30. The frustoconical or
inclined leading and trailing edges 50, 63 of the head
element 32 facilitate lowering or driving penetration and
lateral compaction of the soil 36 because of their profile
design. The trailing inclined section or edge 63 in Figure
14 facilitates the raising of the hollow tube 30 and head
element 32 and lateral compaction of soil matrix 36 during
the raising step of the method. Again, the shape or in-
clined configuration of bulbous bottom head element 32
enables this to occur. Typically the leading and trailing
edges 50, 63 form a 45°615° angle with the longitudinal
axis 35 of the hollow tube 30.
[0046] Figure 5 illustrates another feature of the hollow
tube 30. Inlet port 60 and outlet port 62 are provided at
the lower portion of the elevated hopper 34 or the upper
end of hollow tube 30 to allow addition of water or of
grout, such as water-cement-sand grout, as an additive
to the aggregate for special pier constructions. A purpose
of the outlet port 62 is to maintain the water or additive
level where it will be effective to facilitate flow of aggre-
gate and also to allow recirculation of the grout from a
reservoir back into the reservoir to facilitate mixing and
to keep the water head or grout head (pressure) relatively
constant. The inlet port 60 and outlet port 62 may lead
directly into the hopper 34 or directly into the hollow tube
30 (see Figure 13), or may connect with separate chan-
nels or conduits to the bulbous bottom head element 32.
Grout discharge openings 31 may be provided through
hollow tube 30 above bulbous bottom head element 32
as shown in Figure 2 to supplement discharge of grout

into the annular space about hollow tube 30 and prevent
cavity fill in by soil from the matrix 36.
[0047] Figures 8A, 8B, 8C and 16 illustrate another al-
ternate feature of the bulbous bottom head element 32.
A sacrificial cap 64 may be utilized in lieu of the bottom
or lower end sliding valve 54 to protect the bulbous bot-
tom head element 32 from clogging when the bulbous
bottom head element 32 is pushed down through soil
matrix 36. The cap 64 may be configured in any of a
number of ways. For example, it may be flat, pointed or
beveled. It may be arcuate. When beveled, it may form
an angle of 45°625° with respect to horizontal axis 35.
Cap 64 may include a number of outwardly biased legs
87 positioned to fit in the central opening 89 of the bulbous
bottom head element 32 and hold cap 64 in place until
hollow tube 30 is first raised and aggregate 44 caused
to flow out the opening 52 into an exposed cavity section.
[0048] Figure 17 illustrates another alternate feature
of the bottom head element 32. The sliding plate 54 and
rod 68 for support of plate 54 may include a passage or
axial tube 57 that allows the placement of a reinforcing
element or rod 68 attached to a bottom plate 70. The rod
68 and plate 70 will be released at the bottom of a formed
cavity and used to provide an uplift anchor member or a
tell-tale member for measuring bottom movement of a
pier during a load test. The sliding rod 68 attached to a
bottom plate 70 may be substituted for the sacrificial cap
64 closing the opening of the bulbous bottom head ele-
ment 32 during pushing into the soil matrix 36, and per-
form as a platform for the uplift anchor member or tell-
tale member being installed. The bottom valve plate 54
may thus be omitted or may be kept in place while the
uplift anchor or tell-tale elements are being utilized. Fig-
ure 20 illustrates the uplift anchor 68, 70 or tell-tale in
place upon the forming of a pier by the invention wherein
the plate or valve 54 is omitted.

5.2 Method of Operation

[0049] Figure 1 illustrates the typical first step of the
operation of the described device or apparatus. The hol-
low tube 30 with bulbous bottom head element 32 and
attached upper extension 42 and connected hopper as-
sembly 34, are pushed with a vertical or axial static vector
force, typically augmented by dynamic vector forces, into
the soil matrix 36 by drive apparatus 37 or by the weight
of the component parts. In practice, utilizing a tube 30
with special bottom head element 32 having the dimen-
sions and configuration described, a vector force of 5 to
20 tons applied thereto is typical throughout. Figure 2
illustrates placing of aggregate 44 into the hopper 34
when the hollow tube 30 and attachments reach the
planned depth 81 of pier into the soil matrix 36. Figure 6
illustrates subsequent upward or lifting movement of the
hollow tube 30 by a predetermined lifting distance 91,
typically 24 to 48 inches to reveal a portion of unshielded
cavity 102 below the lower section head element 32 in
the soil matrix 36.
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[0050] Figure 7 illustrates opening of the bottom valve
54 to allow aggregate 44 and optional additives to fill the
space or portion 85 of cavity 102 below the bulbous bot-
tom head element 32 while the hollow tube 30 and at-
tachments are being raised. The valve 54 may open as
the hollow tube 30 is lifted due to weight of aggregate 44
on the top side of valve 54. Alternatively, valve 54 may
be actuated by a hydraulic mechanism for example, or
the hollow tube 30 may be raised and aggregate then
added to flow through valve opening 53 by operation of
valve 54. Alternatively, internal valve 38 may be opened
during lifting or after lifting. Alternatively, if there is no
valve 54, the sacrificial cap 64 will be released from the
end of the head element 32, generally by force exerted
by the weight of aggregate material 44 directed through
the hollow tube 30 when the bulbous bottom head ele-
ment 32 is raised a predetermined distance from the bot-
tom 81 of the formed pier cavity 102.
[0051] Figure 9 illustrates the subsequent pushing
downward of the hollow tube 30 and attachments and
closing of the bottom valve 54 to compact the aggregate
44 in the cavity portion 85 thereby forcing the aggregate
44 and optional additives laterally into the soil matrix 36
as well as vertically downward. The predetermined
movement distance for pushing downward is typically
equal to the lifting distance 91 minus one foot, in order
to produce a completed lift 72 thickness of one foot fol-
lowing the predetermined lifting distance 91 of hollow
tube 30. The designed thickness of lift 72 may be different
than one foot depending on the specific formed aggre-
gate pier requirements and the engineering characteris-
tics of the soil matrix 36 and aggregate 44. Compacting
the aggregate material 44 released into the vacated, un-
shielded cavity portion 85 in Figure 7 to effect lateral
movement of the aggregate material 44 horizontally as
well as compaction of the aggregate material vertically
is important in the practice of the invention.
[0052] Figure 10 illustrates the next or second lift for-
mation effected by lifting of the hollow tube 30 and at-
tachments another predetermined distance 91 A, typical-
ly 24 to 48 inches to allow opening of the bottom valve
54 (in the event of utilization of the embodiment using
valve 54) and passage or movement of aggregate 44 and
optional additives into the portion of the cavity 85A that
has been opened or exposed by raising tube 30.
[0053] Raising of the hollow tube in the range of two
(2) to four (4) feet is typical followed by lowering (as de-
scribed below) to form an aggregate pier lift 72, having
a one (1) foot vertical dimension is typical for pier forming
materials as described herein. The axial dimension of
the lift 72 may thus be in the range of ª to 1/5 of the
distance 91 the hollow tube 30 is raised. However, the
embodiment depicted in Figures 23-26 constitutes an al-
ternate compaction protocol.
[0054] Figure 11 illustrates pushing down of the hollow
tube 30 and attachments and closing of the bottom valve
54 to compact the aggregate 44 in the newly exposed,
unshielded cavity portion 85A of Figure 10 and forcing

of aggregate 44 and optional additives laterally into the
soil matrix 36. The distance of pushing will be equal to
the distance of lifting minus the designed lift thickness.
When the sacrificial cap 64 method is utilized, the bottom
opening 50 may remain open while compacting the ag-
gregate 44.
[0055] Figure 18 illustrates an aggregate pier partially
formed by the process described wherein multiple lifts
72 have been formed sequentially by compaction and
the hollow tube 30 is rising as aggregate 44 is filling cavity
portion 85X. Figure 19 illustrates a completely formed
aggregate pier 76 by the process described. Figure 20
illustrates a formed pier 76 with uplift anchor member 68,
70 or tell-tale member installed. Figure 21 illustrates an
optional preloading step on a formed aggregate pier 76
by placement of a weight 75, for example, on the formed
pier and an optional modulus indicator test being per-
formed on the formed aggregate pier 76 comprised of
multiple compacted lifts 78.
[0056] Figures 23 through 26 illustrate an alternative
protocol for the formation of a pier using the described
apparatus. The hollow tube 30 is initially forced or driven
into a soil matrix 36 to a desired depth 100. The extreme
bottom end of the head element 32 includes a valve
mechanism 54, sacrificial cap 64 or the like. Forcing the
hollow tube 30 vertically downward in the soil forms a
cavity 102 (Figure 23). Assuming the special bottom head
element 32 is generally cylindrical, cavity 102 is generally
cylindrical, and may or may not maintain the full diameter
configuration associated with the shape and diameter of
special bottom head element 32.
[0057] Upon reaching the desired penetration into the
matrix soil 36 (Figure 23) and having displaced and den-
sified the matrix soils that previously existed within the
formed cavity, the hollow tube 30 is raised to the top of
the formed cavity or to the top of the planned aggregate
pier (Figure 24) in a single lift. As it is raised, aggregate
material 44 and optional additive materials are dis-
charged below the bottom end of the special bottom head
element 32.
[0058] Optionally, additive materials are discharged in-
to the annular space 104 defined between the upper sec-
tion 33 of hollow tube 30 and the interior walls of the
formed cavity 102. The additive materials may flow
through ancillary lateral passages 108 or supplemental
conduits 110 in the hollow tube 30. As the hollow tube
30 is raised, the cavity 102 is filled with aggregate and
optionally, additive materials. Also, additive materials in
the annular space 104 may be forced outwardly into the
soil matrix 36 by and due to the configuration of the bul-
bous bottom head element 32 as it is raised.
[0059] The hollow tube 30 is thus typically raised sub-
stantially the full length of the initially formed cavity 102
and then, as depicted by Figure 25, again may be forced
downward causing the aggregate material in the cavity
102 to be compacted and a portion of the aggregate ma-
terials to be forced laterally into the soil matrix 36 (Figure
25). The extent of downward movement of the hollow
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tube 30 is dependent on various factors including the size
and shape of the cavity 102, the composition and mix of
aggregate materials and additives, the forces imparted
on the hollow tube 30, and the characteristics of the soil
matrix 36. Typically, the downward movement is contin-
ued until the lower end or bottom of the special bottom
head element 32 is at or close to the bottom 81 of the
previously formed cavity 102 or until essential refusal of
downward movement occurs.
[0060] After completion of the second downward
movement, the hollow tube 30 is raised typically the full
length of the cavity 102, again discharging aggregate and
optionally additive materials during the raising, and again
filling, the newly created cavity 102A (Figure 26). The
cycle of fully lowering and fully raising is completed at
least two times and optionally three or more times, to
force more aggregate 44 and optionally additive materi-
als, laterally into the matrix soil 36. Further, the cycling
may be adjusted in various patterns such as fully raising
and lowering followed by fully raising and partially low-
ering, or partially raising and fully lowering, and combi-
nations thereof. Alternately, after one of more full cycles
of raising of the hollow tube 30 with discharging of ag-
gregate and optionally additive materials, the subse-
quent operation can be the same or similar to a typical
aggregate pier forming sequence as described previous-
ly, where each lift is formed by raising and lowering a
predetermined distance.
[0061] Alternatively, after completion of a single lift, the
resulting aggregate pier with or without optional additive
materials, further steps of re-entry of hollow tube 30 and
bulbous bottom head element 32 into the formed single
lift aggregate pier, may be eliminated. In other words, the
apparatus may be used to form a single elongate pier
within the soil matrix extending the vertical length of soil
penetration. The single lift aggregate pier with densified
adjacent matrix soils may be effective without further
strengthening or stiffening. One situation in which a sin-
gle lift aggregate pier will typically be effective is in liq-
uefaction mitigate during seismic events when the matrix
soils are liquefiable.

5.3 Summary Considerations

[0062] Water or grout or other liquid may be utilized to
facilitate flow and feeding of aggregate material 44
through hollow tube 30. The water may be fed directly
into the hollow tube 30 or through the hopper 34. It may
be under pressure or a head may be provided by using
the hopper 34 as a reservoir. The water, grout or other
liquid thus enables efficient flow of aggregate, particularly
in the small diameter hollow tube 30, i.e. 5 to 10 inches
tube 30 diameter. Typically the size of the tube 30 internal
passage and/or discharge opening is at least 4.0 times
the maximum aggregate size for all the described em-
bodiments. With each lift 72 being about 12 inches in
vertical height and the internal diameter of tube 30 being
about 6 to 10 inches, use of water as a lubricant is es-

pecially desirable.
[0063] It is noted that the diameter of the cavity 102
formed in the matrix soil 36 is relatively less than many
alternative pier forming techniques. The method of utiliz-
ing a relatively small diameter cavity 102 or a small di-
mension opening into the soil matrix 36, enables forcing
or driving a tube 30 to a significant depth and subsequent
formation of a pier having horizontal dimensions meas-
urably greater than the external dimensions of the tube
30. Utilization of aggregate 44 with or without additives
including fluid materials, to form one or more lifts by com-
paction and horizontal displacement is thus enabled by
the hollow tube 30 and special bottom head element 32
as described. Lifts 72 are compacted vertically and ag-
gregate 44 forced transaxially with the result of a highly
coherent pier construction and production of a stiffer and
stronger aggregate pier with a larger diameter than its
original cavity diameter.

5.4 Test Results

[0064] Figure 22 illustrates the results of testing of piers
of the present invention as contrasted with a drilled con-
crete pier. The graph illustrates the movements of three
aggregate piers constructed in accordance with the in-
vention (curves A, B, C) with a prior art drilled concrete
pier (curve D), as the piers are loaded with increasing
loads to maximum loads and then decreasing loads to
zero load. The tests were conducted using the following
test conditions and using a steel-reinforced, drilled con-
crete pier as the control test pier.
[0065] A hole or cavity of approximately 8-inches in
diameter was drilled to a depth of 20 feet and filled with
concrete to form a drilled concrete pier (test D). A steel
reinforcing bar was placed in the center of the drilled con-
crete pier to provide structural integrity. A cardboard cy-
lindrical form 12 inches in diameter was placed in the
upper portion of the pier to facilitate subsequent com-
pressive load testing. The matrix soil for all four tests was
a fine to medium sand of medium density with standard
Penetration Blow Counts (SPT’s) ranging from 3 to 17
blows per foot. Groundwater was located at a depth of
approximately 10 feet below the ground surface.
[0066] The aggregate piers of the invention, reported
as in tests A, B, and C, were made with a hollow tube
30, six (6) inches in external diameter and with a special
bottom head element 32 with an external diameter of 10
inches. Tests A and B utilized aggregate only. Test C
utilized aggregate and cementatious grout. Test A uti-
lized predetermined lifting movements of two feet and
predetermined downward pushing movements of one
foot resulting in a plurality of one foot lifts. Test B utilized
predetermined upward movements of three feet and pre-
determined downward pushing movements of two feet,
again resulting in one foot lifts. Test C utilized predeter-
mined upward movements of two feet and predetermined
downward pushing movements of one foot, and included
addition of cementatious grout.
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[0067] Analyses of the data can be related to stiffness
or modulus of the piers constructed. At a deflection of
0.5 inches, test A corresponded to a load of 27 tons, test
B corresponded to a load of 35 tons, test C corresponded
to a load of 47 tons and test D corresponded to a load of
16 tons. Thus at this amount of deflection (0.5 inches)
and using test B as the standard test and basis for com-
parison, ratios of relative stiffness for test B is 1.0, test A
is 0.77, Test C is 1.34, and Test D is 0.46. The standard,
Test B, is 2.19 times stiffer than the control test pier, Test
D. The standard Test B is 1.30 times stiffer than Test A,
whereas the Test C with grout additive is 2.94 times stiffer
than the prior art concrete pier (Test D). This illustrates
that the modulus of the piers formed by the invention are
substantially superior to the modulus of the drilled, steel-
reinforced concrete pier (Test D). These tests also illus-
trate that the process of three feet lifting movement with
two feet downward pushing movement was superior to
the process of two feet lifting movement and one foot
downward pushing movement. The tests also illustrate
that use of cementatious grout additive substantially im-
proved the stiffness of the formed pier for deflections less
than about 0.75 inches, but did not substantially improve
the stiffness of the formed pier compared with Test B for
deflections greater than about 0.9 inches.
[0068] In the embodiment disclosed, because the bul-
bous bottom head element 32 of the hollow tube or hollow
shaft 30 has a greater cross sectional area, various ad-
vantages result. First the configuration of the apparatus,
when using a bottom valve mechanism 54, reduces the
chance that aggregate material will become clogged in
the apparatus during the formation of the cavity 102 in
the soil matrix 36 as well as when the hollow tube 30 is
withdrawn partially from the soil matrix 36 to expose or
form a cavity 85 within the soil matrix 36. Further, the
configuration allows additional energy from static force
vectors and dynamic force vectors to be imparted through
the bottom head element 32 of the apparatus and impinge
upon aggregate 44 in the cavity 70. Another advantage
is that the friction of the hollow tube 30 on the side of the
formed cavity 102 in the ground is reduced due to the
effective diameter of the hollow tube 30 being less than
the effective diameter of the bottom head element 32 and
therefore being less than the initial diameter of the formed
cavity. This permits quicker pushing into the soil and al-
lows pushing through formations that might be consid-
ered to be more firm or rigid. The larger cross sectional
area head element 32 also enhances the ability to provide
a cavity section 102 sized for receipt of aggregate 44
which has a larger volume than would be associated with
the remainder of the hollow shaft 30 thus providing for
additional material for receipt of both longitudinal (or ax-
ial) and transverse (or transaxial) forces when forming
the lift 72. The reduced friction of the hollow tube 30 on
the side of the formed cavity 102 in the soil 36 also pro-
vides the advantage of more easily raising the hollow
tube 30 during pier formation and prevention of the hollow
tube 30 becoming stuck within the soil matrix.

[0069] In the process of the invention, the lowest lift 72
may be formed with a larger effective diameter and have
a different amount of aggregate provided therein. Thus
the lower lift 72 or lowest lift in the pier 76 may be con-
figured to have a larger transverse cross section as well
as a greater depth when forming a base for the pier 76.
By way of example the lowest portion or lowest lift 72
may be created by lifting of the hollow shaft 30 four feet
and then lowering the hollow tube 30 three feet, thus
reducing the height of the lift 72 to one foot, whereas
subsequent lifts 72 may be created by raising the hollow
shaft 30 three feet and then lowering the hollow tube 30
two feet, thus reducing the thickness of the lift 72 to one
foot.
[0070] The completed aggregate pier 76 may, as men-
tioned heretofore, be preloaded after it has been formed
by applying a static load or a dynamic load 75 at the top
of the pier 76 for a set period of time (see Figure 21).
Thus a load 75 may be applied to the top of the aggregate
pier 76 for a period of time from 15 seconds to 15 minutes,
or longer. This application of force may also provide a
"modulus indicator test" inasmuch as a static load 75 ap-
plied to the top of the pier 76 can be accompanied by
measurement of the deflection accruing under the static
load 75. The modulus indicator test may be incorporated
into the preload of each pier to accomplish two purposes
with one activity; namely, (1) applying a preload; and (2)
performing a modulus indicator test.
[0071] The aggregate material 44 which is utilized in
the making of the pier 76 may be varied. That is, clean
aggregate stone may be placed into a cavity 85. Such
stone may have a nominal size of 40 mm diameter with
fewer than 5% having a nominal diameter of less than 2
mm. Subsequently a grout may be introduced into the
formed material as described above. The grout may be
introduced simultaneous with the introduction of the ag-
gregate 44 or prior or subsequent thereto.
[0072] When a vibration frequency is utilized to impart
a dynamic force, the vibration frequency of the force im-
parted upon the hollow shaft or hollow tube 30 is prefer-
ably in a range between 300 and 3000 cycles per minute.
The ratio of the various diameters of the hollow tube or
shaft 30 to the bulbous bottom head element 32 is typi-
cally in the range of 0.92 to 0.50. As previously men-
tioned, the angle of the bottom bevel may typically be
between 30° and 60° relative to a longitudinal axis 35.
[0073] As a further feature of the invention, the method
for forming a pier may be performed by inserting the hol-
low tube 30 with the bulbous bottom head element 32 to
the total depth 81 of the intended pier. Subsequently, the
hollow tube 30 and bulbous bottom head element 32 will
be raised the full length of the intended pier in a contin-
uous motion as aggregate and/or grout or other liquid are
being released or injected into the cavity as the hollow
tube 30 and special bottom head element 32 are lifted.
Subsequently, upon reaching the top of the intended pier,
the hollow tube 30 and special bottom head element 32
can again be statically pushed and optionally augmented
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by vertically vibrating and/or ramming dynamic force
mechanism downward toward or to the bottom of the pier
in formation. The aggregate 44 and/or grout or other ma-
terial filling the cavity as previously discharged will be
moved transaxially into the soil matrix as it is displaced
by the downwardly moving hollow tube 30 and special
bottom head element 32. The process may then be re-
peated with the hollow tube 30 and special bottom head
element 32 raised either to the remaining length or depth
of the intended pier or a lesser length in each instance
with aggregate and/or liquid material filling in the newly
created cavity as the hollow tube 30 is lifted. In this man-
ner, the material forming the pier may comprise one lift
or a series of lifts with extra aggregate material and op-
tional grout and/or other additives transferred laterally to
the sides of the hollow cavity into the soil matrix. Alter-
natively, the last sequence can be the same or similar to
the "typical" aggregate pier forming method of this inven-
tion, whereas thin lifts are formed by raising and lowering
the hollow tube 30.
[0074] It is noted that the mechanism for implementing
the aforesaid procedures and methods may operate in
an accelerated manner. Driving the hollow tube 30 and
bulbous bottom head element 32 downwardly may be
effected rather quickly, for example, in a matter of two
minutes or less. Raising the hollow tube 30 and bulbous
bottom head element 32 incrementally a partial or full
distance within the formed cavity may take even less
time, depending upon the distance of the lifting move-
ment and rate of lifting. Thus, the aggregate pier is formed
from the soil matrix 36 within a few minutes. The rate of
production associated with the methodology and the ap-
paratus of the invention is therefore significantly faster.

5.5 Additional Features

[0075] Figures 27 through 36 illustrate additional fea-
tures and embodiments of the invention. Referring to Fig-
ures 27, 27A and 27B, there is illustrated diagrammati-
cally, an apparatus including a hollow tube 500 coupled
to a bulbous bottom head element 502. The bulbous bot-
tom head element 502 includes central body 501 which
is generally cylindrical with a frustoconical or conical
shaped downwardly and inwardly inclined section or sur-
face 504 surface joined to a generally horizontal section
or surface 505 with an opening 506 therethrough for pas-
sage of materials such as aggregate material, cementa-
tious material, grout or combinations thereof. A separate
horizontal plate 508 with generally vertically extending
rods 510 and 512 is positioned against closure cap 508a
fitted against surface 505. The rods 510 and 512 fit along
the outside of the combination of hollow tube 500 and
bottom head element 502. The plate 508 may be in the
form of a bar reinforced by angled plates 508B and 508C.
Plate 508 engages circular cap or plate 503 which in-
cludes vertical pegs 511 that align plate 508 with opening
506 covering the opening 506 or in the form of a grid or
other generally horizontal element which is transported

during placement of the hollow tube 500 and bulbous
bottom head element 502 downwardly into the soil during
the initial penetration of the soil matrix. Then upon with-
drawal of hollow tube 500 and head element 502, the
plate 508 and rods 510 and 512 as well as cap 503 will
remain in place at the bottom end of the pier in formation.
The rods, such as the rods 510 and 512, may, as shown
in Figure 29, serve as an uplift anchor or as depicted in
Figure 30, may serve as tell-tale rods for load testing.
Thus, as depicted in Figures 29 and 30, the tell-tale rods
510 and 512 in combination with the lower connecting
plate member 508 contemplate positioning of the de-
scribed assembly on the outside of the hollow tube 500
and bulbous bottom head element 502, yet are enabled
to be positioned under the lower end of a formed aggre-
gate pier such as pier 520 in Figure 29 or pier 522 in
Figure 30.
[0076] Figure 28 depicts a variation of the apparatus
which may be utilized for the practice of the invention. In
this alternative apparatus, a hollow tube 526 is comprised
of a series of connected or bolted tube sections 528, 530
and 532, which extend longitudinally from an elevated
hopper 534 or they may extend longitudinally directly
from the hollow tube. The smaller cross sectional portion
of the hollow tube 526 is connected to the bulbous bottom
head element 536. In this manner, the overall weight of
the hollow tube section can be reduced, yet the bulbous
bottom head element 536 will provide an adequate
means and an adequate diameter for penetration into a
soil matrix. The hollow tube 526 will also provide an ad-
equate channel for the passage of aggregate, crushed
stone, rounded stone, crushed concrete, grout, cemen-
tatious material, or other pier forming materials, or com-
binations thereof.
[0077] Numerous variations of the multiple section hol-
low tube may be practiced, although the typical sequence
is for sections to decrease in cross sectional area from
top to bottom. Example variations include sections that
increase in traverse cross sectional area toward the top
end of the hollow tube. The sections may increase in
traverse cross sectional area and then decrease. They
may have the same traverse cross sectional area but
distinct cross sectional configurations. They may be in-
tegrally connected or detachable sections.
[0078] Combinations of these described features may
be used. The separate sections may be pre-assembled
or they may be assembled seriatim at a work site as soil
penetration occurs. Typically, they are pre-assembled.
[0079] Figure 31 illustrates a combination of features
for use with a hollow tube 540 and bulbous bottom head
element 542 that facilitate alignment of the hollow tube
540 for soil penetration. Thus, a special alignment guide
device 544 in the form of an annular support ring fits
around the hollow tube 540 and is fastened to the drive
mechanism. The alignment guide device 544 serves to
guide the combination hollow tube 540 and bottom head
element 542 in the desired direction and location into a
soil matrix. The alignment guide or element 544 also pre-
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vents "kick out" of the hollow tube 540, especially when
the matrix soil is hard or dense. One or more such align-
ment guide devices 544 may be utilized. The hollow tube
540 is generally slidably or moveably mounted within the
guide 544.
[0080] Figure 32 illustrates a feature that may be in-
corporated into the bulbous bottom head element 542,
namely the placement of a sensor device 546 within the
bulbous bottom head element 542 for sensing the forces
imparted by the bulbous head or bottom head element
542 on the material being discharged therefrom, as well
as on the soil matrix. The force applied may be charted
over time to provide a pattern of the effect of the bottom
head element 542 upon compaction of the aggregate and
upon penetration of the soil matrix.
[0081] Figure 33 illustrates a mechanism utilized to
force the hollow tube 550 and attached head element
(not shown in Fig. 33) downwardly into a soil matrix (not
shown in Figure 33). More specifically, the upper end 554
of the hollow tube 550 is fitted into a short cylindrical
section 553 of a guide tube 555 welded to a connection
tube 557, in turn, welded to a solid metal fitting 559 with
a plate 552. The plate 552 is a horizontal plate and thus
forces directed axially against that plate 252 will impinge
the plate 552 against the top end 554 of the hollow tube
550. A vibratory hammer 556 includes a mating plate 558
which may be fitted against the plate 552 and which is
coupled thereto by means of rods or fasteners 561 pro-
jecting through the openings, such as opening 560, and
latches 562 to retain the plates 552 and 558 joined to-
gether. The vibratory hammer 556 may then be operated
to vibrate and drive the hollow tube 550 and head element
(not shown) downwardly into the soil matrix onto compact
discharged aggregate, etc.
[0082] Figure 34 illustrates a form or shape of a pre-
penetration device which may be used in combination
with a hollow tube apparatus and head element as pre-
viously described. More particularly, a pre-penetration
device may be utilized to form a preliminary opening or
passage within a soil matrix, in particular, a stiff or me-
dium dense soil. The device may comprise a vertical rod
570 with a leading end 572 which is shaped or configured
to facilitate soil penetration, such as having the shape of
a cone, for example. Generally, the large diameter end
of the cone 572 is less than the maximum traverse di-
mension of a bulbous bottom head element associated
with a subsequent step in the process, namely the step
of using a bulbous bottom head element and hollow tube
to penetrate into the soil matrix. The shape and config-
uration of the penetrating end 572, however, may be var-
ied to accomplish the goal of providing a means to facil-
itate the creation of an initial passage in the soil matrix
into which a hollow tube and associated bulbous bottom
head element will subsequently be driven or inserted.
[0083] Figure 35 illustrates another aspect of the meth-
od of the invention. That is, the method generally com-
prises use of a bulbous bottom head element, as de-
scribed, and a hollow tube associated therewith to build

a section or portion of an aggregate pier, such as a lower
section 584, within a soil matrix 586. The region above
the lower section 584 may subsequently be comprised
of a pier construction, namely a pier construction 588,
built in accord with some other teaching, for example the
teaching as set forth in U.S. Patent No. 5,249,892. The
combination of pier sections of the type associated with
the method of the present invention in combination with
other pier forming methods is especially desirable or use-
ful, inasmuch as the technologies are compatible and will
enable the construction of deeper piers in a highly effi-
cient and extremely fast manner inasmuch as the fea-
tures associated with the respective sections compliment
one another. For example, the upper pier portion formed
by one teaching or method and apparatus may be of high-
er capacity than the lower pier portion associated with
the method of the present invention. Stresses from loads
are greater in the upper portion of a combined pier sys-
tem. Two, or more than two, types of pier constructions
in vertical alignment are considered to be within the scope
of the invention.
[0084] Figure 36 is a diagrammatic view illustrating a
typical bottom plan view of a bulbous bottom head ele-
ment made in accord with the invention. As previously
described, the bulbous bottom head element 600 is a
bulbous element and has a cross sectional dimension
greater than that of the hollow tube element 602 attached
adjacent thereto. The far distal end 590 of the bulbous
bottom head element typically includes an opening 592
through which material such as aggregate or crushed
stone, smooth stone, crushed concrete, grout, cementa-
tious materials or the like, will flow during the practice of
the method. The bottom opening 592 is typically, as de-
picted in various figures, of a lesser dimension than the
horizontal face 590 at the extreme distal end 590 of the
bulbous bottom head element 600. The opening 592
thus, is typically less than one half of the surface area of
the traverse cross sectional area of the bottom head el-
ement 600. Surface 590 with the opening 592, connects
with a shaped surface 594 which generally is a conical
shape. As previously described, however, other shapes
may be used to provide a transition from the outer surface
596 of the bulbous head element 600 to the extreme bot-
tom surface 590 of the bulbous bottom head element
600. Moreover, the opening 592, as previously de-
scribed, is initially covered by a plate or a sacrificial cap
or a closable cover, for example, during initial soil matrix
penetration.
[0085] Figures 37 and 38 illustrate a further embodi-
ment of the invention. Referring first to Figure 37, there
is disclosed a bulbous head element 600 which is at-
tached to a hollow pipe or mandrel 602. The hollow pipe
or mandrel 602 includes a generally equal length second
mandrel or hollow pipe of lesser diameter; namely, pipe
604 slidably positioned therein. The hollow tubes or pipes
602 and 604 are joined together by bolts or pins 606 and
608 fitted through the upper end of the outer hollow tube
602 and the upper end of the interior hollow tube 604.
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The interior hollow tube 604 further includes at the lower
end thereof passages or openings 610 and 612 dis-
cussed with respect to Figure 38.
[0086] Referring to Figure 38 the interior mandrel or
tube 604 may telescope longitudinally in the direction of
the longitudinal axis 616 upwardly relative to the lower
mandrel or hollow tube 602 which is attached to the bul-
bous head element 600. The pins or bolts 606 and 608
are removed from connecting the outer tube 602 to the
inner tube 604 as depicted in Figure 37 and then rein-
serted through the openings and in particular the open-
ings 610 and 612 to thereby elongate the effective oper-
ational limit or length of the hollow tube element which
is comprised of the combination of lengths of the lower
and larger diameter hollow tube 602 and the upper or
lesser diameter hollow tube 604. A hopper or other mech-
anism may be provided for directing aggregate material
into the interior of the hollow tubes 602 and 604.
[0087] The embodiment of Figures 37 and 38 is espe-
cially useful in that it enables the practice of the method-
ology associated with the invention at deeper depths
within a soil matrix. That is, the soil matrix level is repre-
sented by the surface level 622 in Figure 37. The com-
bination of the bulbous head element 600 and the hollow
tubes 602 and 604 may be placed in the soil matrix to
the depth as illustrated in Figure 37. Then, referring to
Figure 38, the tubes 602 and 604 may be telescoped and
driven to a deeper depth. That is, the interior hollow tube
604 may be extended as shown in Figure 38 and the
entire assembly then pushed down or placed further into
the soil. In this manner, the combination of the bulbous
head element 600 and the hollow tubes 602 and 604 may
be inserted to a much greater depth easily and quickly.
The material fed through the hollow tube 602 and 604
may then be fed therein using the methodologies such
as previously described. The telescoping tubes 602 and
604 enable a significant increase of the depth which the
methodology of the invention may be practiced in a very
quick, efficient and economical manner. Of course, all of
the other features previously described may be used in
combination with the telescoping mandrels or tubes de-
scribed with respect to Figures 37 and 38. Also, additional
telescoping tubes may be utilized, although there may
be a practical limit to such usage. Typically, the larger
diameter tube 602 is attached to head element 600 and
positioned on the outside of the next telescoping tube
604as illustrated in Figures 37 and 38, although the re-
verse may be adopted also with a larger diameter tube
being on the outside of the smaller diameter tube and
the larger diameter tube being the tube which is raised
or extended upwardly or telescoped away from the bul-
bous head element 600.

6 Concluding Remarks

[0088] Various modifications and alterations may thus
be made to the methodology as well as the apparatus to
be within the scope of the invention. Thus, it is possible

to vary the construction and method of operation of the
invention without departing from the spirit and scope
thereof. Alternative hollow tube configurations, sizes,
cross sectional profiles and lengths of tube may be uti-
lized. The bulbous bottom head element 32 may be var-
ied in its configuration and use. The bottom valve 54 may
be varied in its configuration and use, or may be elimi-
nated by adoption of a sacrificial cap. The leading end
of the bulbous bottom head element 32 may have any
suitable shape. For example, it may be pointed, cone
shaped, blunt, angled, screw shaped, or any shape that
will facilitate penetration of a matrix soil and compaction
of discharged aggregate material. The enlarged or bul-
bous bottom head element 32 may be utilized in combi-
nation with one or more differing external diameter sec-
tions of the hollow tube 30 having various shapes or con-
figurations.

Claims

1. A method for forming an aggregate pier in a matrix
soil comprising the steps of:

(a) forming an elongate cavity having a bottom
and a longitudinal axis in the matrix soil by low-
ering a hollow tube with a bulbous bottom head
element having an open end at the extreme end
thereof including a closure mechanism for clos-
ing the extreme open end, said bulbous bottom
head element configured with a greater cross
sectional area portion than the cross sectional
area of the adjacent connected hollow tube and
configured to provide axial and transaxial vector
forces on the soil matrix, said closure mecha-
nism closed during formation of the elongate
cavity to prevent aggregate material discharge
from the bottom head element during formation
of the cavity and to prevent clogging of the bot-
tom head element or hollow tube with matrix soil
materials during penetration and formation of
the elongate cavity;
(b) raising the hollow tube a predetermined first
incremental distance in the formed cavity;
(c) opening the closure mechanism when the
hollow tube is raised;
(d) feeding pier forming aggregate material
through the special bottom head element ex-
treme open end into the portion of the cavity re-
vealed by raising the hollow tube said first incre-
mental distance; and
(e) lowering the hollow tube a predetermined
second incremental distance to compact the dis-
charged aggregate material in the cavity by axial
and transaxial force impact from the bulbous
bottom head element onto the discharged ag-
gregate material surface while displacing a por-
tion of the pier forming aggregate material
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transaxially into the sidewalls of the filled cavity.

2. The method of claim 1 wherein the hollow tube is
initially forced a predetermined distance into the ma-
trix soil to form an elongate cavity.

3. The method of claim 1 wherein the elongate cavity
or a portion of its diameter is initially formed by pre-
drilling or pre-penetrating the matrix soil to form an
elongate cavity with diameter approximately the
same as that of the bottom head element or slightly
less than that of the bottom head element and to
subsequently lower or partially lower and partially
force, the hollow tube with bulbous bottom head el-
ement into the pre-formed elongate cavity.

4. The method of claim 1 including the repetition of
steps (b) through (e).

5. The method of claim 1 wherein the step of compact-
ing the discharged aggregate comprises reducing
the axial dimension of the compacted lift to about ©
to ̈  of the uncompacted aggregate incremental dis-
tance to form a compacted aggregate lift having a
vertical axial dimension of about © to ¨ of the incre-
mental distance the apparatus was raised during
step (b).

6. The method of claim 1 including a further step which
may be selected from:

(a) closing the closure mechanism before com-
pacting;
(b) separately feeding a material in combination
with the aggregate material to facilitate aggre-
gate flow and/or to increase the strength and/or
stiffness of the formed aggregate pier.
(c) forming a second pier or pile segment of a
type not formed by method of claim 1 upon an
aggregate pier formed by the method of claim 1;
(d) preloading the formed aggregate pier to in-
crease its capacity and strength; or
(e) placing one or more generally aligned rods
with the hollow tube, said rod or rods extending
upwardly from a plate.

7. The method of claim 1 wherein the first incremental
distance is either varied for at least one of the repe-
titions or is substantially equal to the height of the
pier to be formed.

8. The method of claim 2 including a further step which
may be selected from:

(a) providing a static force on the hollow tube to
effect driving of the hollow tube and to effect
compacting of discharged aggregate; or
(b) providing a dynamic axial force and a static

force on the hollow tube to effect driving of the
hollow tube and to effect compacting of dis-
charged aggregate.

9. Apparatus for construction of a soil reinforcement
aggregate pier in a soil matrix comprising, in combi-
nation:

(a) an elongate hollow tube having a longitudinal
axis with a material entrance opening and a bul-
bous bottom head element having an open bot-
tom discharge end, the external cross section
of the bulbous bottom head element being great-
er than the external cross section of the hollow
tube adjacent thereto to thereby form a bulbous
section of the hollow tube having an external
cross sectional shape and size greater than the
external cross sectional shape and size of the
hollow tube adjacent the bulbous end;
(b) said bulbous end having a surface configured
to impart axial and transaxial forces upon down-
ward movement on matrix soil and aggregate
material; and
(c) said bulbous end including a material dis-
charge opening at the extreme end thereof with
a removable cover plate or a valve that is able
to open and close.

10. The apparatus of claim 9 wherein the hollow tube is
further comprised of multiple sections each having
a distinct cross sectional area.

11. The apparatus of claim 9 further including either:

(a) at least two rods mounted externally of the
hollow tube and head element, said rods at-
tached to a plate external the hollow tube and
head element, wherein said rods optionally com-
prise uplift anchor rods as part of an uplift anchor
system and said rods optionally comprise tell-
tale members; or
(b) an alignment mechanism for stabilizing the
hollow tube and preventing it from laterally trans-
lating; or
(c) a pressure detection sensor device mounted
within the bulbous bottom head element to
sense pressure or
(d) a first plate mounted to the hollow tube and
a second plate attached to a vibratory hammer,
said first and second plates capable of being
connected together by connecting rods and a
lock mechanism.

12. The apparatus of claim 9 in combination with a sep-
arate soil matrix pre- penetration device to form a
cavity prior to inserting the elongate hollow tube with
bulbous bottom head element into the ground.
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13. The apparatus of claim 9 wherein said hollow tube
is comprised of at least two telescoping longitudinal
sections and one of said sections is attached to said
bottom head element.

14. The apparatus of claim 13 including a releasable fas-
tening mechanism for attaching the sections togeth-
er in a non-telescoping configuration, wherein said
sections are optionally concentric, and said sections
optionally comprise a first larger diameter section
attached to the head element and a second section
slidably positioned within the first section.

15. The apparatus of claim 13 including a radial pin re-
movably connecting the sections.

Patentansprüche

1. Verfahren zum Bilden eines Aggregatpfeilers in ei-
nem Matrixboden, die folgenden Schritte umfas-
send:

(a) Bilden eines länglichen Hohlraums mit einem
Boden und einer Längsachse im Matrixboden
durch Senken eines Hohlrohres mit einem bau-
chigen Bodenkopfelement mit einem offenen
Ende am äußersten Ende davon, einschließlich
eines Schließmechanismus zum Schließen des
äußersten offenen Endes, wobei das bauchige
Bodenkopfelement mit einem größeren Quer-
schnittsbereichsabschnitt als der Querschnitts-
bereich des benachbarten verbundenen Hohl-
rohres konfiguriert ist und konfiguriert ist, um axi-
ale und transaxiale Vektorkräfte auf die Boden-
matrix bereitzustellen, wobei der Schließme-
chanismus während der Bildung des länglichen
Hohlraums geschlossen ist, um zu verhindern,
dass Aggregatmaterial während der Bildung des
Hohlraums aus dem Bodenkopfelement austritt
und um das Verstopfen des Bodenkopfelements
oder Hohlrohres mit Matrixbodenmaterialien
während der Penetration und Bildung des läng-
lichen Hohlraums zu verhindern;
(b) Erhöhen des Hohlrohres über eine zuvor
festgelegte erste inkrementelle Strecke im ge-
bildeten Hohlraum;
(c) Öffnen des Schließmechanismus, wenn das
Hohlrohr erhöht ist;
(d) Einspeisen von pfeilerbildendem Aggregat-
material durch das spezielle äußerste offene
Ende des Bodenkopfelements in den durch Er-
höhen des Hohlrohres über die erste inkremen-
telle Strecke aufgedeckten Abschnitt des Hohl-
raums; und
(e) Senken des Hohlrohres über eine zuvor fest-
gelegte zweite inkrementelle Strecke zum Ver-
dichten des entladenen Aggregatmaterials im

Hohlraum durch axiale und transaxiale Kraftein-
wirkung des bauchigen Bodenkopfelements auf
die entladene Aggregatmaterialoberfläche,
während ein Teil des pfeilerbildenden Aggreg-
atmaterials transaxial in die Seitenwände des
gefüllten Hohlraums verdrängt wird.

2. Verfahren nach Anspruch 1, wobei das Hohlrohr an-
fangs über eine zuvor festgelegte Strecke in den Ma-
trixboden gedrängt wird, um einen länglichen Hohl-
raum zu bilden.

3. Verfahren nach Anspruch 1, wobei der längliche
Hohlraum oder ein Teil seines Durchmessers an-
fangs durch Vorbohren oder Vorpenetrieren des Ma-
trixbodens gebildet wird, um einen länglichen Hohl-
raum mit einem Durchmesser etwa gleich demjeni-
gen des Bodenkopfelements oder von etwas weni-
ger als demjenigen des Bodenkopfelements zu bil-
den und um anschließend das Hohlrohr mit dem bau-
chigen Bodenkopfelement in den vorgeformten läng-
lichen Hohlraum zu senken oder teilweise zu senken
und teilweise zu drängen.

4. Verfahren nach Anspruch 1, die Wiederholung der
Schritte (b) bis (e) beinhaltend.

5. Verfahren nach Anspruch 1, wobei der Schritt des
Verdichtens des entladenen Aggregats das Redu-
zieren des axialen Maßes der verdrängten Anhe-
bung auf etwa 1/2 bis 1/4 der nicht verdichteten in-
krementellen Aggregatstrecke umfasst, um eine ver-
dichtete Aggregatanhebung mit einem vertikalen
axialen Maß von etwa 1/2 bis 1/4 der inkrementellen
Strecke, über die die Vorrichtung während Schritt (b)
erhöht wurde, zu bilden.

6. Verfahren nach Anspruch 1, beinhaltend einen wei-
teren Schritt, der ausgewählt werden kann aus:

(a) Schließen des Schließmechanismus vor
dem Verdichten;
(b) separates Einspeisen eines Materials in
Kombination mit dem Aggregatmaterial, um den
Aggregatfluss zu vereinfachen und/oder um die
Stärke und/oder Steifigkeit des gebildeten Ag-
gregatpfeilers zu erhöhen,
(c) Bilden eines zweiten Pfeilers oder Pfeiler-
segments einer Art, die nicht durch das Verfah-
ren nach Anspruch 1 gebildet wird, auf einem
nach dem Verfahren nach Anspruch 1 gebilde-
ten Aggregatpfeiler;
(d) Vorladen des gebildeten Aggregatpfeilers
zum Erhöhen seiner Kapazität und Stärke; oder
(e) Platzieren einer oder mehrerer im Allgemei-
nen ausgerichteter Stangen mit dem Hohlrohr,
wobei sich die Stange oder Stangen von einer
Platte nach oben erstrecken.
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7. Verfahren nach Anspruch 1, wobei die erste inkre-
mentelle Strecke entweder für mindestens eine der
Wiederholungen variiert wird oder im Wesentlichen
gleich der Höhe des zu bildenden Pfeilers ist.

8. Verfahren nach Anspruch 2, beinhaltend einen wei-
teren Schritt, der ausgewählt werden kann aus:

(a) Bereitstellen einer statischen Kraft auf das
Hohlrohr, um das Vortreiben des Hohlrohres zu
bewirken und um das Verdichten von entlade-
nem Aggregat zu bewirken; oder
(b) Bereitstellen einer dynamischen axialen
Kraft und einer statischen Kraft auf das Hohl-
rohr, um das Vortreiben des Hohlrohres zu be-
wirken und um das Verdichten von entladenem
Aggregat zu bewirken.

9. Vorrichtung zur Konstruktion eines Bodenverstär-
kungsaggregatpfeilers in einer Bodenmatrix, umfas-
send, in Kombination:

(a) ein längliches Hohlrohr mit einer Längsachse
mit einer Materialeintrittsöffnung und einem
bauchigen Bodenkopfelement mit einem offe-
nen Bodenentladungsende, wobei der äußere
Querschnitt des bauchigen Bodenkopfelements
größer als der äußere Querschnitt des dazu be-
nachbarten Hohlrohres ist, um dadurch einen
bauchigen Abschnitt des Hohlrohres mit einer
äußeren Querschnittsform und Größe zu bilden,
die größer als die äußere Querschnittsform und
Größe des Hohlrohres neben dem bauchigen
Ende sind;
(b) wobei das bauchige Ende eine Oberfläche
aufweist, die konfiguriert ist, um axiale und
transaxiale Kräfte bei Abwärtsbewegung auf
Matrixboden und Aggregatmaterial auszuüben;
und
(c) wobei das bauchige Ende eine Materialent-
ladungsöffnung am äußersten Ende davon mit
einer entfernbaren Abdeckplatte oder einem
Ventil, das sich öffnen und schließen kann, be-
inhaltet.

10. Vorrichtung nach Anspruch 9, wobei das Hohlrohr
weiter aus mehreren Abschnitten mit jeweils einem
eigenen Querschnittsbereich besteht.

11. Vorrichtung nach Anspruch 9, weiterhin umfassend
entweder:

(a) mindestens zwei außerhalb des Hohlrohres
und Kopfelements angebrachte Stangen, wobei
die Stangen an einer Platte außerhalb des Hohl-
rohres und Kopfelements angebracht sind, wo-
bei die Stangen optional Hebungsankerstangen
als Teil eines Hebungsankersystems umfassen

und die Stangen optional Anzeigeelemente um-
fassen; oder
(b) einen Ausrichtungsmechanismus zum Sta-
bilisieren des Hohlrohres und Verhindern, dass
es sich seitlich verschiebt; oder
(c) ein Druckerfassungssensorgerät, das im
bauchigen Bodenkopfelement angebracht ist,
um Druck zu fühlen, oder
(d) eine erste Platte, die am Hohlrohr ange-
bracht ist und eine zweite Platte, die an einem
vibrierenden Hammer angebracht ist, wobei die
erste und zweite Platte durch Verbindungsstan-
gen und einen Schließmechanismus miteinan-
der verbunden werden können.

12. Vorrichtung nach Anspruch 9 in Kombination mit ei-
nem separaten Bodenmatrix-Vorpenetrationsgerät
zum Bilden eines Hohlraums vor dem Einsetzen des
länglichen Hohlrohres mit bauchigem Bodenkopfe-
lement in den Boden.

13. Vorrichtung nach Anspruch 9, wobei das Hohlrohr
aus mindestens zwei Teleskoplängsabschnitten be-
steht und einer der Abschnitte am Bodenkopfele-
ment angebracht ist.

14. Vorrichtung nach Anspruch 13, beinhaltend einen
lösbaren Befestigungsmechanismus zum Anbrin-
gen der Abschnitte zusammen in einer nicht teles-
kopierenden Konfiguration, wobei die Abschnitte op-
tional konzentrisch sind, und wobei die Abschnitte
optional einen ersten größeren Durchmesserab-
schnitt, der an dem Kopfelement angebracht ist und
einen zweiten Abschnitt, der verschiebbar im ersten
Abschnitt positioniert ist, umfassen.

15. Vorrichtung nach Anspruch 13, beinhaltend einen
radialen Stift, der die Abschnitte entfernbar verbin-
det.

Revendications

1. Procédé de formation d’une jetée en granulats dans
un sol matriciel comprenant les étapes suivantes :

(a) formation d’une cavité allongée ayant un
fond et un axe longitudinal dans le sol matriciel
en abaissant un tube creux avec un élément de
tête inférieure bulbeuse possédant une extrémi-
té ouverte à l’extrémité finale de celle-ci, avec
un mécanisme de fermeture pour refermer l’ex-
trémité ouverte finale, ledit élément de tête in-
férieure bulbeuse configuré avec une partie de
superficie transversale plus grande que la su-
perficie transversale du tube creux connecté ad-
jacent et configuré pour fournir des forces vec-
torielles axiales et transaxiales sur le sol matri-
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ciel, ledit mécanisme de fermeture étant fermé
pendant la formation de la cavité allongée pour
empêcher la décharge de matériau en granulats
depuis l’élément de tête inférieure pendant la
formation de la cavité et pour empêcher le col-
matage de l’élément de tête inférieure ou du tu-
be creux avec les matériaux de sol matriciel pen-
dant la pénétration et la formation de la cavité
allongée ;
(b) levage du tube creux à une première distan-
ce incrémentielle prédéterminée dans la cavité
formée ;
(c) ouverture du mécanisme de fermeture lors-
que le tube creux est relevé ;
(d) alimentation du matériau de granulats for-
mant la jetée à travers l’extrémité ouverte finale
de l’élément de tête inférieur spéciale dans la
partie de la cavité exposée en relevant le tube
creux sur ladite première distance
incrémentielle ; et
(e) abaissement du tube creux d’une seconde
distance incrémentale prédéterminée pour
compacter le matériau de granulats déchargé
dans la cavité par l’impact de forces axiales et
transaxiales provoqué par l’élément de tête in-
férieure bulbeuse à la surface du matériau de
granulats déchargé tout en déplaçant transaxia-
lement une partie du matériau de granulats for-
mant la jetée dans les parois latérales de la ca-
vité remplie.

2. Procédé selon la revendication 1, où le tube creux
est contraint initialement sur une distance prédéter-
minée dans la matrice de sol pour former une cavité
allongée.

3. Procédé selon la revendication 1, où la cavité allon-
gée ou une partie de son diamètre est initialement
formé par pré-perçage ou pré-pénétration de la ma-
trice de sol pour former une cavité allongée avec
environ le même diamètre que celui de l’élément de
tête inférieure ou légèrement inférieur à celui de l’élé-
ment de tête inférieure et pour ensuite abaisser ou
abaisser partiellement et contraindre partiellement,
le tube creux avec l’élément de tête inférieure bul-
beuse dans la cavité allongée préformée.

4. Procédé selon la revendication 1, comprenant la ré-
pétition des étapes (b) à (e).

5. Procédé selon la revendication 1, où l’étape de com-
pactage des granulats déchargés consiste à réduire
la dimension axiale de la hauteur compactée à en-
viron 1/2 à 1/4 de la distance incrémentielle de gra-
nulats non compactés pour former une hauteur de
granulats compactés d’une dimension axiale verti-
cale d’environ 1/2 à 1/4 de la distance incrémentielle
selon laquelle l’appareil a été soulevé au cours de

l’étape (b).

6. Procédé selon la revendication 1, comprenant une
étape supplémentaire qui peut être sélectionnée
parmi :

(a) la fermeture du mécanisme de fermeture
avant compactage ;
(b) l’alimentation séparée d’un matériau en com-
binaison avec le matériau de granulats pour fa-
ciliter le flux des granulats et/ou d’augmenter la
résistance et/ou la rigidité de la jetée en granu-
lats ainsi formée ;
(c) la formation d’une deuxième jetée ou d’un
deuxième segment de pilier d’un type qui n’est
pas formé par le procédé selon la revendication
1 sur une jetée en granulats formée par le pro-
cédé selon la revendication 1 ;
(d) la précontrainte de la jetée en granulats for-
mée pour augmenter sa capacité et sa
résistance ; ou
(e) le placement d’une ou de plusieurs tiges gé-
néralement alignées avec le tube creux, ladite
tige ou lesdites tiges s’étendant vers le haut à
partir d’une plaque.

7. Procédé selon la revendication 1, où la première dis-
tance incrémentielle varie pour au moins l’une des
répétitions ou bien est sensiblement égale à la hau-
teur de la jetée à former.

8. Procédé selon la revendication 2, comprenant une
étape supplémentaire qui peut être sélectionnée
parmi :

(a) la fourniture d’une force statique sur le tube
creux pour provoquer l’enfoncement du tube
creux et le compactage des granulats
déchargés ; ou
(b) la fourniture d’une force axiale dynamique et
d’une force statique sur le tube creux pour en-
foncer le tube creux et pour compacter les gra-
nulats déchargés.

9. Appareil pour la construction d’une jetée en granu-
lats avec renforcement du sol dans une matrice de
sol comprenant, en combinaison :

(a) un tube creux allongé ayant un axe longitu-
dinal avec une ouverture d’entrée de matériau
et un élément de tête inférieure bulbeuse ayant
une extrémité de décharge inférieure ouverte,
la section transversale externe de l’élément de
tête inférieure bulbeuse étant supérieure à la
section transversale externe du tube creux ad-
jacent pour ainsi former une section bulbeuse
du tube creux de forme transversale externe su-
périeure et de taille supérieure à la forme trans-

35 36 



EP 2 212 478 B1

20

5

10

15

20

25

30

35

40

45

50

55

versale externe et la taille du tube creux adjacent
à l’extrémité bulbeuse ;
(b) ladite extrémité bulbeuse ayant une surface
configurée pour imprimer des forces axiales et
transaxiales au mouvement descendant sur la
matrice de sol et le matériau de granulats ; et
(c) ladite extrémité bulbeuse comprenant une
ouverture de décharge de matériau à l’extrémité
finale de celle-ci avec une plaque de recouvre-
ment amovible ou une soupape capable de
s’ouvrir et se fermer.

10. Appareil selon la revendication 9, où le tube creux
se compose en outre de plusieurs sections, chacune
ayant une section transversale distincte.

11. Appareil selon la revendication 9 comprenant en
outre l’un des éléments suivants :

(a) au moins deux tiges montées à l’extérieur du
tube creux et de l’élément de tête, lesdites tiges
étant fixées à une plaque externe au tube creux
et à l’élément de tête, où lesdites tiges compren-
nent éventuellement des tiges d’ancrage de le-
vage dans le cadre d’un système d’ancrage de
levage et lesdites tiges comprennent éventuel-
lement des éléments de type penon ; ou
(b) un mécanisme d’alignement pour stabiliser
le tube creux et l’empêcher de se déplacer
latéralement ; ou
(c) un dispositif de capteur de détection de pres-
sion monté à l’intérieur de l’élément de tête in-
férieure bulbeuse pour détecter la pression ou
(d) une première plaque montée sur le tube
creux et une deuxième plaque fixée à un mar-
teau vibrant, lesdites première et deuxième pla-
ques pouvant être connectées ensemble par
des tiges et un mécanisme de verrouillage.

12. Appareil selon la revendication 9, en combinaison
avec un dispositif de pré-pénétration de matrice de
sol distinct pour former une cavité avant d’insérer le
tube creux allongé avec l’élément de tête inférieure
bulbeuse dans le sol.

13. Appareil selon la revendication 9, dans lequel ledit
tube creux est composé d’au moins deux sections
longitudinales télescopiques et l’une desdites sec-
tions est jointe audit élément de tête inférieur.

14. Appareil selon la revendication 13, comprenant un
mécanisme de fixation libérable pour fixer les sec-
tions ensemble dans une configuration non télesco-
pique, où lesdites sections peuvent éventuellement
être concentriques, et lesdites sections compren-
nent éventuellement une première section de plus
grand diamètre fixé à l’élément de tête et une deuxiè-
me section positionnée de manière coulissante dans

la première section.

15. Appareil selon la revendication 13, comprenant une
broche radiale raccordant les sections de manière
amovible.
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