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SHOCK ABSORBING APPARATUS AND METHOD
FOR A VIBRATORY PILE DRIVING MACHINE

CROSS-REFERENCE TO RELATED CASE

This patent application is a continuation-in-part appli-
cation of a patent application filed Jan. 12, 1990 Ser. No.
07/464,429, entitled “Shock Absorbing Apparatus and
Method for a Vibratory Pile Driving Machine” by John
L. White, now abandoned.

BACKGROUND OF THE INVENTION

A) Field of the Invention

The present invention relates to a shock absorbing
apparatus and method to be used in conjunction with a
pile driving and/or pile pulling vibratory machine, and
more particularly to such an apparatus and method
which can be used effectively to isolate shocks under
greatly varying load conditions imparted to the shock
absorbing apparatus.

B) Background of the Invention

In the construction industry, it is sometimes neces-
sary to drive piles into the earth to provide a proper
foundation for a building or other structure. One
method of accomplishing this is to place the pile in a
. vertical position above the earth’s surface and strike the
upper end of the pile repeatedly with a hammer (i.e,, a
metal mass which is raised and dropped on the pile)
until the pile has penetrated into the ground surface a
sufficient distance to provide adequate bearing. A later
development was to drive piles into the ground by use
of a vibrating machine which oscillates the pile from
zero to 20,000 cycles per minute depending on the type
of machine to cause what appears to be an almost con-
tinuous motion of the pile into the earth. Under some
circumstances, such a vibratory machine can cause the
pile to move into the earth relatively rapidly (e.g.. as
fast as ten feet per second).

A typical arrangement for such a vibratory machine
is to provide a pair of weights which are mounted ec-
centrically for rotation about parallel axes, with the
directions of rotation being opposite to one another so
that the lateral forces are cancelled out, and a net up and
down vibrating force is developed by the machine. One
part of the machine is coupled to the upper end of the
pile, while a second part of the machine is connected
through a shock absorbing device to a support member,
such as a cable.

When the pile is being driven into the ground, the
vibratory machine is able, in large part. to act substan-
tially independently, in that only minimal exterior sup-
port is required, this being mainly to keep the vibratory
machine properly positioned. Sometimes weights are
added to the shock absorbing device to provide a
greater downward force, and this gives greater need for
effective shock absorption. Another mode of operation
is when a previously driven pile is being extracted from
the earth, and it is necessary to impart a tension force on
the pile so as to pull it upwardly. In these circum-
stances, a tension force (e.g., a pulling force exerted by
a connecting cable) is applied through the shock absorb-
ing device to the vibratory machine, which in turn pulls
upwardly on the pile to which it is connected. The
tension force exerted by the cable can vary greatly, and
can vary between two tons to one hundred tons.

For various reasons, it is desirable that the cable be
subjected to a more constant load, with the rapid vibra-
tory loads being isolated from the cable as much as
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2
possible. However, properly isolating these vibratory
loads is complicated by the fact that the tension loads
necessary to extract the pile can vary greatly. depend-
ing upon the size of the pile, the depth to which it is
driven, and the localized resisting forces imparted by
various portions of the earth material.

SUMMARY OF THE INVENTION

The present invention comprises a shock absorbing
apparatus adapted to be connected to a pile driving
and/or pile pulling vibratory device which imparts a
vibrating force to a pile.

This shock absorbing apparatus comprises a base
section which is adapted to be connected to the vibra-
tory device. There is also a connecting section adapted
to be connected to a carrying member, such as a lifting
cable which can apply a tension load. There is also an
intermediate section which is operatively connected
between the base section and the connecting section.
There is a first shock absorbing means operatively con-
nected between the base section and the intermediate
section to yieldingly resist vibratory motion between
the base section and the intermediate section. This first
shock absorbing means yieldingly resists such motion
with a resisting force of a relatively smaller magnitude.

There is a second shock absorbing means operatively
connected between the intermediate section and the
connecting section to resist vertical vibratory motion
therebetween. This second shock absorbing means pro-
vides a resisting force of a relatively greater magnitude.

Accordingly, when a relatively smaller external force
is applied to the base section and the connecting section
to urge these components to be displaced from one

-another, vibratory motion imposed on the apparatus is

absorbed largely in the first shock absorbing means.
However, under a substantially increased load, most of
the shock of the vibratory loads is absorbed in the sec-
ond shock absorbing means.

In the preferred form, there are stop limit means to
limit relative vertical movement between the base sec-
tion and the intermediate section, so that under a sub-
stantial external load, the base section is in direct bear-
ing engagement with the connecting section so that the
shock absorbing loads are substantially absorbed in the
second shock absorbing means.

Other features will become apparent from the follow-
ing detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view, showing the shock
absorbing apparatus of the present invention somewhat
schematically in its operating environment where it is
suspended from a crane and connected to a vibratory
machine engaging a pile;

FIG. 2 is an isometric view of the shock absorbing
apparatus of the present invention; ‘

FIG. 3 is a sectional view taken along line 3—3 of
FIG. 2;

FIG. 4 is a sectional view taken along line 4—4 of
FIG. 2; and

FIG. 5 is a sectional view taken along line 5—5 of
FIG. 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

With reference to FIG. 1, the shock absorbing appa-
ratus 10 of the present invention is shown connected to
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a cable 12 which is in turn carried by a boom 14 of a
crane 15. The shock absorbing apparatus is connected
on its lower side to a vibratory machine 16 which has a
jaw mechanism 18 that grips the upper end of a pile 20.
This vibrating machine 16 is or may be of conventional
design, and there is shown schematically a pair of ec-
centrically mounted weights 22 which rotate about
parallel axes in opposite directions so as to cause a net
up and down vibrating force.

As indicated previously, when the pile 20 is being
driven, there may be little, if any, tension placed on the
cable 12. However, if the pile 20 is being pulled out of
the earth, then it may be necessary to exert a quite sub-
stantial tension force on the cable 12 (e.g., as high as
two tons to one hundred tons), while the vibrating ma-
chine 16 imparts the vibrating force to the pile 20.
Under these circumstances (i.e., when the pile 20 is
being pulled from the earth), it is particularly desirable
that the shock absorbing apparatus 10 isolate the cable
12 (and consequently the boom 14 and crane 15) from
the vibratory forces.

With reference to FIG. 2, in terms of function, the
apparatus 10 can be considered as comprising five main
components: namely, (a) a base section 24 by which the
apparatus 10 is connected to the vibratory machine 16,
(b) a connecting section 26 by which the apparatus 10 is
connected to the cable 12 or other connecting device,
{(c) an intermediate section 28, (d) a first shock absorb-
ing means 30 which is operatively connected between
the base section 24 and the intermediate section 28, and
(e) a second shock absorbing means 32 operatively con-
nected between the intermediate section 28 and the
connecting section 26.

The vibratory forces from the machine 16 are im-
parted directly into the base section 24. The first shock-
ing absorbing means 30 is more yielding and will per-
form a more significant shock absorbing function under
lower load conditions, while the second shock absorb-
ing means 32 is arranged to have the primary function
of absorbing the shock loads when the loading is at a
substantially higher level. In following description, the
structure of each of the five main components 24-32
will be described in detail, after which there will be a
summary of the mode of operation.

The base section 24 comprises a main horizontally
disposed base plate 34 which can be attached directly to
the vibratory machine 16. Two base shock mounting
structures 36 are fixedly attached to the base plate 34 at
opposite ends thereof.

For purposes of description, the apparatus 10 will be
considered as having a longitudinal axis which extends
in a lengthwise direction from one shocking mounting
structure 36 to the other, and a transverse axis perpen-
dicular to the longitudinal axis. The vertical axis will be
perpendicular to these other two axis. The term “front”
will be used to denote that side of the apparatus 10
which appears nearer to the viewer in FIG. 2, while the
term “rear” denotes an opposite side or direction. The
term “inner” or “inward” will be used to denote a loca-
tion closer to the vertical center axis of the apparatus
10, while the terms “outer” or “outward” will denote a
location further away from that center axis.

Each shock mounting structure 36 comprises a verti-
cally and longitudinally aligned side plate 38 and a
vertically and transversely aligned gusset plate 40
fixedly attached thereto. The lower edges of these two
plates 38 and 40 are fixedly connected to the upper
surface of the base plate 34.
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The first shock absorbing means 30 comprises two
main first shock absorbers 42, each of which is made of
a rubber like shock absorbing material and has the con-
figuration of a large rectangular prism. The term
“front” will be used to denote that portion of the appa-
ratus 10 which appears nearer to the viewer in FIG. 2,
while the term “rear” denotes an opposite side or direc-
tion. The term “inner” or “inward™ will be used to
denote a location closer to a vertical center axis of the
apparatus 10, while the terms “outer” or “outward”
will denote a location further away from that center
axis.

A rear planar surface of one of the right shock ab-
sorbing member 42 (the upper edge of this surface being
shown at 44) is fixedly connected to an intermediate
plate 46 that is in turn fixedly connected to the right side
plate 38. The inner planar surface (the upper edge of
which is indicated at 48) of the shock absorbing member
42 is not connected to the gusset plate 40. The second
connection of the shock absorber 42 is to the aforemen-
tioned intermediate section 28, and this is at the surface
(the upper edge of which is indicated at 50 relative to
the left-hand shock absorbing member 42) which sur-
face 50 is oppositely disposed to the surface 48.

The aforementioned intermediate section 28 com-
prises a middle portion 52 and two end portions 54. The
middle section 52 comprises front and rear vertically
and longitudinally aligned metal plates 56 and 58. re-
spectively, which are fixedly connected by their outer
edges to inner plates 60 of the end portions 54.

Each end portion 54 has a box like configuration,
each of which comprises the aforementioned inner wall
60, an outer wall 62, and two side walls 64 and 66. It will
be noted that the side wall 64 of the right hand interme-
diate section portion 54 is at a rear location while the
corresponding wall 64 of the left intermediate section
portion 54 is at a front location. In like manner, the wall
66 of the right end portion 54 is at a front location, while
the corresponding wall 66 of the left-hand portion 54 is
at a rear location.

The surface portion 50 of each of the shock absorbing
blocks 42 is fixedly connected to a joining plate 68
which fits against and is fixedly connected to the afore-
mentioned side wall 66. Thus, it becomes apparent that
the two shock absorbing blocks or members 42 make a
connection between the base section 24 and the interme-
diate section 28 by means of the surface 44 being fixedly
attached to the plates 46 and 38 of the base section 24,
while the opposite surface 50 of each of the shock ab-
sorbing members 42 is fixedly connected to the plate 68
and the plate 66 of the intermediate section 28.

The aforementioned front and rear intermediate
plates 56 and 58 are connected through the second
shock absorbing means 32 to the aforementioned con-
necting section 26. More specifically, there is a front set
of eight cylindrical rubber like shock absorbing mem-
bers 70, with the axis of each cylinder being horizon-
tally aligned along a transverse axis. The front face 72 of
each of these cylindrical shock absorbing members 70 is
fixedly connected to the front plate 56, while the rear
surface 74 of each of these shock absorbing members 70
is fixedly connected to a main center plate 76 which is
part of the connecting section 26. As shown herein,
these eight forward shock absorbing members 70 are
disposed in two horizontal rows, with four upper shock
absorbing members 70 being positioned directly above
the bottom row of shock absorbing members 70.
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In like manner, there is a rear set of eight cylindrical
shock absorbing members 78 which extend between the
rear intermediate plate 58 and the main center plate 76,
with these shock absorbing members 78 being fixedly
connected to the plates 58 and 76.

To describe now the connecting section 26, the afore-
mentioned main center plate 76 is vertically and longitu-
dinally aligned, and fixedly connected to its upper edge
is a connecting ring 80 having a reinforcing sleeve 82
positioned therein. This connecting ring 80 attaches to
the aforementioned cable 12.

From the foregoing description, it is apparent that the
base section 24 can move vertically relative to the inter-
mediate section 28, with the first shock absorbing mem-
bers 42 yieldingly resisting such vertical movement.
Further, it is also apparent that the connecting section
26 can move vertically relative to the intermediate sec-
tion 28 with this vertical movement being yieldingly
resisted by the shock absorbing means 32, and more
specifically by means of the two sets of shock absorbing
members 70 and 78.

In order to provide upper and lower limits between
the relative vertical motion of the base section 24 and
the intermediate section 28, there is provided a limit
mechanism which is best illustrated in FIGS. 4 and 5.
Each of the aforementioned gusset plates 40 is formed
with a vertically aligned slot like opening 82 having
straight vertical side surfaces 84 and upper and lower
semicircular end surfaces 86. Each of the plates 60 has
fixedly attached thereto a longitudinally and outwardly
protruding cylindrical stop member 88 which is
mounted by its inner end 90 to its related plate 60 and
has at its outer end a mounting ring 92 (desirably made
from a hard rubber or other moderately resilient mate-
rial) that fits within the aforementioned slot 82. It is
apparent that relative vertical motion between the base
section 24 and the intermediate section 28 will cause a
corresponding vertical motion of the stop member 92
relative to the slot 82.

To describe the operation of the present invention, let
‘it be assumed that the shock absorbing apparatus 10 is in
its operating position, as shown in FIG. 1, where the
cable 12 is attached to the connecting ring 80, and the
vibratory machine 16 is fixedly attached to the base
plate 34. Let it be assumed that the jaws 18 of the vibra-
tory machine 16 are fixedly secured to the piling 20, and
that the cable 12 is under tension so as to pull the piling
20 out of the ground. Let it further be assumed that the
force needed to pull the pile 20 out of the ground is
relatively small (e.g., about two tons or more).

As mentioned previously, the shock absorbing mem-
bers 70 and 78 are relatively stiff, and therefore will
allow little relative movement between the connecting
section 26 and the intermediate section 28 under a mod-
erate load. On the other hand, the two relatively large
shock absorbing blocks 42 are more yielding and will
permit substantially greater deflection between the base
section 24 and the intermediate section 28 for a given
vertical load in comparison with the amount of vertical
displacement between the connecting section 26 and
intermediate section 28 for that same load.

As the tension is placed on the cable 12, the middle
main plate 76 will be pulled upwardly, and the entire
intermediate section 28 will also be moved vertically
with very little relative movement between the main
central plate 76 and the front and rear intermediate
plates 56 and 58. On the other hand, the entire interme-
diate section 28 will move upwardly to a much greater
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extent relative to the base plate 34 which is fixedly
secured to the vibratory machine 16. This will cause
each of the main shock absorbing blocks 42 to distort so
as to assume a general configuration of a parallelogram.
At the same time, the two stop members 88 will be
moved upwardly in their related slots 82 to some inter-
mediate position. When the machine 16 begins its vi-
brating motion, the vibrations will be transmitted into
the base plate 34 causing relatively rapid up and down
vibratory movement of this plate 34. At this time (i.e.,
under relatively moderate tension loading of the cable
12), there will be very little up and down vibratory
movement of the intermediate section 28. Thus, most of
the shock absorbing function will be performed by the
first more yielding shock absorbing means 30 which
comprises the two large shock absorbing blocks 42.

Let it now be assumed that it is the desire to pull a pile
20 out of the ground, and a substantially larger tension
force is required to accomplish this task (e.g., up to as
high as one hundred tons). Under these circumstances,
the tension force on the cable 12 will be sufficiently
great so that the two shock absorbing members 42 will
distort to the extent that the two stop members 88 will
move to the upper limit of the slots 82 so that the bear-
ing ring 92 will bear against the upper semi-circular stop
surface 86. Under these circumstances, the up and down
vibratory movement of the base plate 34 will be trans-
mitted through the base end sections 36 directly to the
intermediate section 28 so that this section 28 moves up
and down with substantially the same vibratory motion
as the plate 34. Under these circumstances, the shock
loads are absorbed primarily in the second shock ab-
sorbing means 32 (i.e., the two sets of shock absorbing
members 70 and 78). Since these shock absorbing mem-
bers 70 and 78 are less yielding, these are better adapted
to properly absorb these shock loads.

It is apparent that the dynamic characteristics of each
of these shock means 30 and 32 must be designed to
match the characteristics of the components with which
these are to operate, and also to match the expected
force loads which are to be encountered. Since this is
well within the state of the art, these considerations will
not be discussed in detail at this time.

It is to be understood that various modifications
could be made to the present invention without depart-
ing from the basic teachings thereof.

What is claimed is:

1. A shock absorbing apparatus adapted to be con-
nected between a pile driving and/or pile pulling vibra-
tory device which generates a vibratory force and im-
parts the vibratory force to a pile and a carrying mem-
ber for supporting the vibratory device, comprising:

a. a base section to be connected to the vibratory

device;

b. a connecting section to be connected to a carrying
member, where tension loads are applied to the
base section and the connection section which
cause a relative displacement therebetween;

¢. an intermediate section; :

d. first shock absorbing means operatively connected
between the base section and the intermediate sec-
tion for absorbing the vibratory force generated by
the vibratory device, where the first shock absorb-
ing means allows relative displacement between
the base section and the intermediate sections.

e. second shock absorbing means operatively con-
nected between the intermediate section and the
connecting section for absorbing the vibratory
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force generated by the vibrating device where the
second shock absorbing means allows relative dis-
placement between the intermediate section and
the connecting section: and

f. stop means for so limiting relative movement be-

tween the intermediate section and one of the base
and connecting sections that, above a predeter-
mined tension load, the intermediate section does
not move relative to the one of the base and con-
necting sections.

2. The apparatus as recited in claim 1, in which the
shock absorbing capacity of the first and second shock
absorbing means is different.

3. The apparatus as recited in claim 1, in which the
vibratory force is absorbed primarily by one of the
shock absorbing means at relatively smaller loads and
primarily by the other of the shock absorbing means at
relatively larger loads.

4. The apparatus as defined in claim 1, in which the
stop means so limits relative movement between the
intermediate and one of the base and connecting sec-
tions that, under the predetermined tension load, the
sections between which the stop means limits relative
movement come into contact with each other.

5. The apparatus as defined in claim 1, in which the
intermediate section defines a center cavity and first and
second end cavities, where:

the connecting section protrudes into the center cav-

ity and the base section has first and second projec-
tions that protrude into the first and second end
cavities, respectively;

the first shock absorbing means comprises first and

second rectangular solid rubber shock absorbing
members, where the first rectangular solid shock
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absorbing member extends from an inner wall of
the intermediate section to the first projection and
the second rectangular solid shock absorbing mem-
ber extends from an inner wall of the intermediate
section to the second projection: and

the second shock absorbing means comprises a plural-

ity of cylindrical rubber shock absorbing members
that extend from inner walls of the intermediate
section to the connecting section.

6. The apparatus as defined in claim 5, in which the
vibratory force is absorbed primarily by the first shock
absorbing means at relatively smaller loads and primar-
ily by the second shock absorbing means at relatively
larger loads.

7. The apparatus as recited in claim 1, in which the
stop means comprises a slot formed in each of the pro-
jections and a stop member extending from each end of
the intermediate section into one of the slots, where,
under the predetermined load, the stop member so
contacts the ends of the slot that the vibrating motion
generated by the vibratory device is primarily absorbed
by the second shock absorbing means.

8. The apparatus as recited in claim 7, in which a
resilient mounting ring surrounds at least the portion of
the stop member that extends into the slot.

9. The apparatus as recited in claim 8, in which one of
the first and second rectangular solid shock absorbing
members extends from an inner back wall of the inter-
mediate section to the projection associated therewith
and the other of the first and second rectangular solid
shock absorbing members extends from an inner front
wall of the intermediate section to the projection associ-

ated therewith.
* * * * *



