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@ Method and apparatus for installing a concrete pile in soil.

@ A concrete pile installation apparatus and meth-
od is disclosed wherein a device penetrates the soil
to produce opening for the formation of the pile. Fill
material {25), such as grout, is introduced into the
opening and a potential vacuum void (26) created in
the formation of the pile, is vented to the atmosphere
to prevent the pulling of surrounding soil (27) into
the opening (26) and thereby causing the formation
of a defective pite.
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Method and apparatus for installing a concrete pile in soil.

The present invention relates to a method and
apparatus as described in the preamble of Claims
1 and 5 respectively and known from US-A-3 851
484 and US-A-3 851 485, both issued to Steding
on December 3, 1974.

A problem can arise during the installation of
concrete piles in accordance with the prior art
where soft soil below the water table is encoun-
tered and where the rate of penetration of the plow
point into the soft soil is not controlled. This prob-
lem can result in the formation of imperfect con-
crete piles, and it is the primary object of the
invention to alleviate this difficulty in a simple,
sffective and economical manner.

More particularly, if the pile driving hammer is
allowed to strike the pusher with such force that the
resulting penetration of the plow point under each
hammer blow is in the order of six inches to one
foot, then, at the point of impact of the pile hammer
with the pusher, the plow point is temporarily
driven from beneath the grout column above it,
forming a void between the plow point and grout
column. Such void cannot exist in actuality be-
cause of a nearly perfect vacuum therein, and
therefor the void must be instantly filled either with
grout from above or with the surrounding soft soil
adjacent to the concrete pile being formed. The
vacuum tends to pull the surrounding soft soil info
the void in some cases, resulting in decreasing the
diameter of the pile..

The invention aims to correct and eliminate
- said problem and this aim is achieved by the
measures as specified in the characterizing clause
of Claims 1 and 5 respectively.

The invention provides a vacuum reiief pas-
sage means in a concrete pile installing apparatus
whose presence does not impede the normal mode
of use of the apparatus to form concrete piles in
accordance with the teachings of the above re-
ferenced prior patents.

Preferred and advantageous embodiments are
described in the subclaims.

The invention will be elucidated on the hand of
the drawing, wherein:

Figure 1 is a partly schematic vertical cross-
section through a prior art concrete pile installing
apparatus and method;

Figure 2 is a similar view of the improved
anti-vacuum apparatus and method for installing
concrete piles in accordance with the present in-
vention;

Figure 3 is a side elevation of an assembled
pusher and plow point according to one embodi-
ment of the invention;
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Figure 4 is a horizontal section taken on line
4-4 of Figure 3;

Figure 5 is a view similar section taken on
line 5-5 of Figure 3;

Figure 6 is a view similar to Figure 4 show-
ing a different type of plow point;

Figure 7 is a side elevation of a pusher and
plow point according to a second embodiment of
the invention;

Figure 8 is a horizontal section taken on line
8-8 of Figure 7;

Figure 9 is an exploded perspective view,
partly in section, showing a pusher and plow point
according to another embodiment of the invention;

Figure 10 is a fragmentary side elevation of
the elements shown in Figure 9 in assembled rela-
tionship;

Figure 11 is a horizontal section taken on
line 11-11 of Figure 10;

Figure 12 is a similar view taken on line 12-
12 of Figure 10;

Figure 13 is a perspective view, partly in
section and partly broken away, showing another
embodiment of the invention;

Figure 14 is a fragmentary longitudinal verti-
cal section taken through the apparatus in Figure
13;

Figure 15 is a horizontal section taken on
line 15-15 of Figure 14;

Figure 16 is a side elevation, partly in sec-
tion, showing an anti-vacuum auger-type pile in-
stalling apparatus according to another embodi-
ment of the invention;

Figure 17 is an end elevation of the appara-
tus shown in Figure 16.

Referring to the drawings in detail wherein like
numerals designate like parts, Figure 1 depicts the
prior art substantially in accordance with the above
referenced prior art. A drive head 20 is engaged
with a drive head adapter 20A and pusher 21 which
is in turn engaged at its lower end with a suitable
plow point 22. A grout supply hopper 23 on the
ground surface surrounds the pusher 21 to deliver
grout downwardly by gravity into the bore or cavity
24 of the soil created by the advancing plow point
22 under the influence of a pile driving hammer
(not shown).

As explained previously, in soft soil below the
water table, unless the rate of penetration of the
plow point 22 per hammer blow is controlled, the
plow point will be temporarily driven away from the
bottorn of the grout column 25 tending to create a
void 26 between the plow point and the grout
column. This void cannot remain empty because of
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the high degree of vacuum therein and must be
substantially filled with grout or with the soft soil
adjacent to the apparatus and the pile being in-
stalled.

As indicated by the numeral 27 in Figure 1, the
vacuum in the void 26 may pull the surrounding
soft soil inwardly, thus effectively decreasing the
diameter of the bore immediately behind the plow
pointy 22 and correspondingly decreasing the
cross-sectional size of the concrete pile, rendering
it defective.

Figure 2 depicts the complete solution of the
prior art problem described in connection with Fig-
ure 1 by means of the present invention. In figure
2, the same drive head 20, grout hopper 23 and
plow point 22 may be employed. However, the
pusher 28 according to the present invention differs
from the prior art pusher 21 in that it is provided
with longitudinally extending vacuum-reliei passage
means 29, whereby the vacuum induced in the
temporary void 26 when the plow point 22 moves
away from the grout column 25 is vented to at-
mosphere and thus effectively eliminated, so that
the surrounding soft soil cannot be pulled inwardly
to diminish the cross-sectional size of the concrete
pile as shown in Figure 1.

Figures 3 to 6 depict in greater detail a first
embodiment of the invention including a pusher 30
and a plow point 31 telescopically engaged as
shown. The drive head 20 and grout hopper 23
shown in Figures 1 and 2 are omitted in Figure 3
for ease of illustration but these latter components
are used in the method and apparatus according to
Figures 3 to 6.

The plow point 31 is circular, as shown, and
the pusher 30 is a H-cross section member. On
opposite sides of its center web 32, pusher 32 is
provided with shallow channel members 33 welded
thereto defining with the web 32 a pair of opposite
side vacuum-relief passages 34. Similarly, a pair of
channel member 35 welded to the outer faces of
the side webs 36 of the pusher define another pair
of vacuum-relief passages 37 lengthwise of the
pusher. As shown in Figure 3, the channels 33 and
35 at their tops terminate short of a flange 38 near
the top of the pusher. Therefore, the tops of the
passages 37 are open to atmosphere below the
flange 38 as are the tops of the passages 34 since
the channels 33 also terminate below the flange 38
at the same elevation as the channeis 35. As
shown in dotted lines in Figure 3, the lower ends of
the channels 33 and 35 also terminate somewhat
above the corresponding ends of the webs 36
whereby the vent passages 37 and 34 commu-
nicate at their lower ends with the temporary void
26, Figure 2. The construction of the apparatus in
Figure 3 to 6 is the same as disclosed in Figure 2,
aithough shown in greater detail. it should be clear
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that the venting or anti-vacuum passages 37 and
34 of the pusher 30 prevent the objectionable in-
ward drawing of the soft soil surrounding the push-
er, as shown in Figure 1, resulting in the formation
of defective piles. With the unique anti-vacuum
feature of the present invention, there is no neces-
sity for controlling the degree of penetration of the
plow point 22 under each hammer blow, and thus
this less expensive process can be used in more
applications.

Figure 6 depicis the same apparatus structure
shown in Figures 3-5 except that the plow point 31
has a square bottom plate 40 instead of a circular
one as in Figures 3 to 5.

Figures 7 and 8 show a second embodiment of
the invention in which a pusher 41 comprises a
cylindrical tubular member having circumferentially
spaced and longitudinal staggered side wall grout
openings 42 distributed along its length. A plurality
of external vacuum-relief passages 43 are formed
longitudinally on the pusher 41 by circumferentially
equidistantly spaced channel members 44 welded
thereto and having their opposite ends open, as
shown. The pusher 41 is employed in the process
of installing a concrete pile along with a plow point
45, Figure 7.

Figures 9 through 12 show another modified
embodiment of the invention in which a cylindrical
tubular pusher 46 having side wall openings 47
along its length is equipped with exterior longitudi-
nal channel members 48 welded thereto and defin-
ing a corresponding number of vacuum-relief pas-
sages 49 longitudinally of the pusher 46.Near and
slightly above the lower end of the tubular pusher
46, Figure 10, an enlarged diameter circumferential
venting air passage 50 surrounds the pusher 46
and communicates directly with the longitudinal
vacuum-relief passages 49, as shown best in Fig-
ure 12, near the lower ends of the latter. The
channels 48 are open at their top and bottom ends.
As in the prior forms of the invention, the vacuum-
relief passage means 49 and 50 serve to vent the
void 36, Figures 1 and 2, to the atmosphere at all
times so as to avoid inward pulling of the soft soil
around the pusher, as previously explained.

Figures 13 to 15 show yet another embodiment
of the apparatus in which a pusher 51 comprises
an inner tube body 52, having circumferentially
spaced longitudinally stagger grout inlet openings
defined by short sleeve sections 53, connected
between the inner tube body 52 and a surrounding
concentric outer tube 54. The annular space 55
between the two tubes 52 and 54 is the vacuum-
relief or vent passage for the embodiment of the
invention shown in Figures 13 to 15. Again, the
operation of the apparatus according to Figures 13
to 15 in the practice of the method is identical to
the operation of the preceding embodiments.
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Figures 16 and 17 show another embodiment
of the invention in which an auger 56 is driven in
rotation by means 57 to form a hole 58 while soil is
gievated to ground level by the auger. As the auger
is retracted upwardly from the hole 58, grout 58 to
form a concrete pile within the hole 58 from
bottom-to-top thereof is delivered downwardly
through a central axial tube 60 of the auger 56. To
relieve a vacuum which tends to be created be-
neath the auger as it is withdrawn from the hole 58,
causing similar difficulties to those shown in Figure
1. a vacuum-relief passage 61 extending length-
wise of the auger is formed by an open-ended tube
82 coaxially surrounding the tube 60 and being
connected therewith by spaced struts 63. The
benefits realized as a result of the vacuum-relief
passage 61 are essentially the same as those
realized by the relief passages described in the
prior embodiments.

In the several embodiments of the invention
shown in Figures 3 to 15 of the drawings, the
pusher is withdrawn from the bore of hole in the
soil at the completion of the process, but the plow
point remains embedded in concrete at the bottom
of the pile, as shown in US-A-3 851 484 and US-A-
3 851 485. Each embodiment of the invention in-
volves a soil penefrating device having a vacuum
relief passage means as well as a passage means
for grout. The H-cross section pusher 30 has grout
passages on opposite side of its center web 32 and
between its side web 36. The openings 42, 47 and
53 allow grout from the hopper 23 to pass from the
exterior to the interior of the pusher 21 and from
the interior to the exterior of the pusher 21 during
the formation of the concrete pile. Following with-
drawal of the pusher or auger, additional grout is
delivered into the bore hole or opening to fill the
space previously occupied by the pusher or auger,
thus assuring the formation of a complete pile up
to ground level.

It is to be understood that the forms of the
invention herewith shown and described are to be
taken as preferred examples of the same, and that
various changes in the shape, size and arrange-
ment of parts may be resorted to, without departing
from the spirit of the invention or scope of the
subjoined Claims.

Claims

1. A method of installing a concrete pile in soil
comprising forming a substantially vertical opening
in the soil below the surface of the soil and de-
livering grout into said opening to form the body of
a concrete pile therein, characterized by the step
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of venting to the atmosphere the evacuated void
which tends to develop in the opening prior to the
delivery of grout into the opening.

2. The method of Claim 1, characterized by
forming said opening in the soil by driving a pusher
which is preceded by a plow point downwardly into
the soil and simultaneously delivering the grout by
gravity into the opening during the formation of the
opening, and evacuated the void which is vented to
the atmosphere being formed below the grout and
between the grout and said plow point.

3. The method of Claim 1-2, characterized by
forming said opening in the soil by augering the
soil, creating said evacuated void in said opening
during the withdrawal of the augering means from
the opening, and delivering the grout intc the open-
ing during such withdrawal.

4. The method of Claim 3, characterized by
said venting and the delivery of said grout both
being carried out through passages of the augering
means.

5. An apparatus of installing a concrete pile in
soil comprising a device adapted to penetrate the
soil to form a substantially vertical bore hole there-
in, and means to fill the bore hole produced by the
penetrating device with grout delivered downwardly
into the bore hole, characterized by a longitudinal
atmospheric venting means on the device extend-
ing substantially from end-to-end thereof.

6. An apparatus according to Claim 5, char-
acterized by a pusher preceded by a plow point
of somewhat greater cross-sectional size than the
pusher, while said atmospheric venting means
comprises means forming a longitudinal vent pas-
sage on the pusher extending substantiaily from
end-to-end thereof.

7. An apparatus according to Claim 5, char-
acterized by an auger, while said means to fill
said bore hole with grout comprises a longitudinal
grout passage means on the auger, and said vent-
ing means comprises a longitudinal venting pas-
sage on the auger.

8. An apparatus according to Claim 7, char-
acterized in the longitudinal grout passage and
venting passage comprise concentric passages
through the auger axially near its center.

9. An apparatus according to Claim 6, char-
acterized in the pusher comprises an H-cross
section member, and means forming vent pas-
sages on and along the walls of the H-cross-sec-
tion member.

10. An apparatus according to Claim 6, char-
acterized in the pusher comprises a tubular mem-
ber having spaced side wall grout iniet openings,
and said longitudinal vent passage on the pusher
comprises at least one channel member fixed to
the exterior of the tubular member.
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11. An apparatus according to Claim 10, char-
acterized by a plurality of circumferentially spaced
channel members secured to the exterior of the
tubular member, and by means forming an annuiar
venting passage on the exterior of the tubular
member which communicates with the interiors of
the channels members.

12. An apparatus according to Claim 11, char-
acterized in that the means forming said annular
venting passage are located near the lower end of
the tubular member.

13. An apparatus according to Claim 8, char-
acterized in that the pusher comprises a pair of
spaced substantially concentric connected tube
elements where the space between the tube ele-
ments forms said longitudinal vent passage.

14. An apparatus for installing a concrete pile
characterized by a device adapted to penetrate
soil substantially vertically to form a pile receiving
opening therein, means to fill said opening with fill
material during the formation of the opening by the
device, and a vacuum-relief means on the device in
the form of a vent passage extending longitudinally
of the device.

15. An apparatus according to Claim 14 char-
acterized in that said means to fill said opening
with fill material includes a fill material passage
means in said device.

18. A method of installing a concrete pile com-
prising the steps of penetrating soil to form a pile
receiving opening therein and delivering flowable
fill material into said opening to form the body of a
pile therein, characterized by relieving a vacuum
which tends to be formed in said opening during
the formation of the opening and the deiivery of the
fill material into the opening.

17. A method of installing a concrete pile com-
prising forming an opening in the soil below the
surface of the soil by driving a pusher which is
preceded by a plow point downwardly into the soil,
delivering grout into said opening to form the body
of a concrete pile therein, characterized by vent-
ing to the atmosphere the evacuated void which
tends to develop in the opening being formed
below the grout and-between the grout and said
plow point.

18. The method of Claim 17 characterized by
delivering the grout by gravity into the opening
during the formation of the opening.

19. A method of installing a concrete pile in
soil characterized by forming an opening in the
soil below the surface of the soil by augering the
soil to form the opening and venting to the at-
mosphere the evacuated void which tends to de-
velop in the opening during the withdrawal of the
augering means from the opening when the grout
is being delivered into the opening during such
withdrawal.
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20. An apparatus for installing a concrete pile
in soil characterized by a device adapted to pen-
etrate the soil to form a bore hole therein, means to
fill the bore hole produced by the penetrating de-
vice with grout which flows into the bore hole as it
is being formed, and a longitudinal atmospheric
venting means on the device extending substan-
tially from end-to-end thereof.

21. An apparatus for installing a concrete pile
in soil characterized by an auger adapted to
penetrate the soil to form a bore hole, a means to
fill said bore hole with grout comprising a longitudi-
nal grout passage means on the auger, and a
venting means comprising a longitudinal venting
passage on the auger for venting the evacuated
void which tends to form as the auger is being
removed a the grout flows into the hole.

22. An apparatus for installing a concrete pile
in soil characterized by a device adapted to pen-
etrate the soil to form a pile receiving opening
therein, means to fill said opening with fill material
simultaneously during the formation of the opening
by the device, and a vacuum-relief means on the
device in the form of a vent passage extending
longitudinally of the device.

23. A method of installing a concrete pile char-
acterized by the steps of penstrating soil to form
a pile receiving opening therein, delivering simulta-
neously flowable fill material into said opening to
form the body of a pile therein, and relieving a
vacuum which tends to be formed in said opening
during the simultaneous formation of the opening
and the delivery of the fill material into the opening.
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