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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 of
U.S. Pat. application Ser. No. 07/465,464 filed Jan. 16,
1990, by John L. White, which is entitled “Shock Ab-
sorbing Apparatus and Method for a Vibratory Pile
Driving Machine, ” now U.S. Pat. No. 5,117,925, which
is in turn a continuation-in-part of U.S. Pat. application
Ser. No. 07/464,429 filed Jan. 12, 1990 which has been
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 being cancelled out, and a net
up and down vibrating force is developed by the ma-
chine. 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 sup-
port 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 need for effec-
tive 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
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2
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
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.

OBJECTS OF THE INVENTION

From the foregoing, it should be apparent that one
important object of the present invention is to provide
improved apparatus and methods for pulling and/or
driving piles.

Other important, but more specific, objectives of the
present invention are to provide apparatus and methods
for pulling and/or driving piles that:

substantially isolate the vibration of the vibratory pile
driver from a cable suspended from a crane that posi-
tions the pile driver;

efficiently isolate the cable from the pile driver over
a wide range of tension forces applied on the cable by
the crane; and

employ a plurality of sets of shock absorbing mem-
bers, where one set of shock absorbing members primar-
ily absorbs shock for relatively lower tension loads and
other sets of shock absorbing members are added to
absorb shock at relatively higher tension loads.

SUMMARY OF THE INVENTION

These and other objects are achieved by an apparatus
for driving and/or pulling a pile which basically com-
prises vibrating means, pulling means, a plurality of
shock absorbing members, and shock connecting
means. The vibrating means generates a vibratory force
and applies this force to the pile. The pulling means
applies a tension load to a carrying member. The shock
connecting means is operatively connected to the carry-
ing member, the shock absorbing members, and the
vibrating means.

The shock connecting means so selectively connects
each of the plurality of shock absorbing means between
the vibratory device and the pulling means that the total
shock absorbing capacity of the apparatus is incremen-
tally increased as the tension load applied to the carry-
ing member increases.

In the preferred embodiments, each of the plurality of
shock absorbing means is adapted to absorb shock in a
predetermined range of tension loads. In this case, the
shock connecting means so distributes the vibratory
force generated by the vibrating means among the plu-
rality of shock absorbing means that, when the load
applied to the carrying member is within a given prede-
termined ranges of tension loads, the vibratory force is
resisted primarily by shock absorbing means adapted to
absorb shock in that given predetermined range.

In the first and second embodiments, the apparatus
comprises first and second shock absorbing means. The
shock connecting means are operatively connected to
the first and second shock absorbing means to so distrib-
ute the vibratory force from the vibrating means to the
first and second shock absorbing means that, when the
load applied to the carrying member is relatively
smaller, the vibratory force is resisted primarily by the
first shock absorbing means and, when the load applied
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to the carrying member is relatively larger, the vibra-
tory force is resisted primarily by the second shock
absorbing means.

In the third embodiment, the apparatus comprises
first, second, and third shock absorbing means for ab-
sorbing the vibratory force generated by the vibratory
device. In this case, the shock connecting means opera-
tively connects: (a) the first shock absorbing means
between the base section and the connecting section; (b)
the second shock absorbing means between the base
section and the connecting section above a first prede-
termined tension load; and (e) the third shock absorbing
means between the base section and the connecting
section above a second predetermined tension load.

According to the second embodiment, the present
invention is embodied in a shock absorbing apparatus
adapted to be connected between a pile driving and/or
pile pulling vibratory device which generates a vibra-
tory force and imparts the vibratory force to a pile and
a carrying member for supporting the vibratory device.
This apparatus comprises: (a) a base section adapted to
be connected to one of the carrying member and the
vibratory device; (b) a connecting section adapted to be
connected to the other of the carrying member and the
vibratory device; (c) an intermediate section; (d) first
shock absorbing means operatively connected between
the base section and the connecting section for absorb-
ing the vibratory force generated by the vibratory de-
vice; {e) second shock absorbing means operatively
connected between the intermediate section and the
connecting section for absorbing the vibratory force
generated by the vibrating device; and (f) first stop
means for limiting relative movement between the inter-
mediate section and the base section. A tension load is
applied to the carrying member which causes a relative
displacement between the connecting section and the
base section.

In the second preferred embodiment, the vibratory
force is absorbed primarily by the first shock absorbing
means at relatively smaller loads and primarily by the
second shock absorbing means at relatively larger loads.
Further, the first stop means so limits relative move-
ment between the intermediate section and the base
section that, under a first predetermined load, the inter-
mediate and base sections come into essentially rigid
contact with each other.

The apparatus of the second preferred embodiment
further comprises second stop means for so limiting
relative movement between the intermediate section
and the connecting section that, under a second prede-
termined load, the intermediate and connecting sections
come into essentially rigid contact with each other. In
this case, the second predetermined load is greater than
the first predetermined load.

The present invention may also be embodied in an
apparatus for pulling and/or driving a pile, comprising:
(a) vibrating means for generating a vibrating force and
applying the vibrating force to the pile; (b) pulling
means for applying a tension load to a carrying member;
(c) a shock absorbing apparatus having first and second
sets of shock absorbing members and an intermediate
member, the first set of shock absorbing members being
operatively connected between the vibrating means and
the carrying member and the second set of shock ab-
sorbing members being operatively connected between
the carrying member and the intermediate member; and
(d) first stop means for so limiting relative movement
between the vibrating means and the intermediate mem-
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4

ber that, when the load applied to the carrying member
is relatively smaller, the vibrating force is absorbed
primarily by the first set of shock absorbing members
and, when the load applied to the carrying member is
relatively larger, the vibrating force is absorbed primar-
ily by the second set of shock absorbing members. The
shock absorbing apparatus further comprises second
stop means for so limiting movement of the vibrating
means relative to the intermediate member when the
load is relatively larger that the vibratory motion gener-
ated by the vibratory device is substantially transmitted
from the base section to the connecting section through
the intermediate section.

The present invention may also be embodied in a
method of pulling and/or driving a pile, comprising the
steps of: (a) providing a shock absorbing apparatus
having an intermediate section and first and second sets
of shock absorbing members; (b) operatively connect-
ing the first set of shock absorbing members between a
pulling device and a vibrating device; (c) operatively
connecting the second set of shock absorbing members
between the intermediate member and the pulling de-
vice; (d) simultaneously applying a tension load on the
shock absorbing apparatus with the pulling means and
applying a vibratory force to the pile with the vibrating
means; and (e) limiting the movement of the vibrating
means relative to the intermediate member at a first
predetermined load so that the vibratory force is sub-
stantially absorbed by the second shock absorbing mem-
ber. This method further comprises the step of so limit-
ing movement of the pulling means relative to the inter-
mediate member at a second predetermined load that
the vibratory force is transmitted to the pulling device
through the intermediate section.

According to the third embodiment of the present
invention, the shock absorbing apparatus comprises: (a)
a base section adapted to be . connected to one of the
carrying member and the vibratory device; (b) a con-
necting section adapted to be connected to the other of
the carrying member and the vibratory device, where
tension loads are applied to the carrying member which
cause a relative displacement between the connecting
section and the base section; (c) first shock absorbing
means operatively connected between the base section
and the connecting section for absorbing the vibratory
force generated by the vibratory device; (d) second
shock absorbing means connected between the base
section and the connecting section above a first prede-
termined tension load for absorbing the vibratory force
generated by the vibrating device; and (e) third shock
absorbing means connected between the base section
and the connecting section above a second predeter-
mined tension load for absorbing the vibratory force
generated by the vibrating device. The third embodi-
ment further comprises stop means for so limiting rela-
tive movement between the base section and the con-
necting section that, under a third predetermined load,
the intermediate and connecting sections come into
essentially rigid contact with each other.

The third embodiment further comprises an interme-
diate section attached to the base section. In this case,
(a) the connecting section has a center cavity having
front and back inner walls; (b) the second and third
shock absorbing means each comprise at least one shock
absorbing unit connected between the front and back
inner walls of the center cavity; and (c) the intermediate
section so extends into the center cavity that the at least
one shock absorbing unit of the second shock absorbing
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means extends through at least one corresponding first
slot in the intermediate section and the at least one
shock absorbing unit of the third shock absorbing means
extends through at least one second slot in the interme-
diate section. The first slot is formed with at least one
edge which contacts and distorts the at least one shock
absorbing unit of the second shock absorbing means at
tension loads greater than the first predetermined ten-
sion load and the second slot is formed with at least one
edge which contacts and distorts the at least one shock
absorbing unit of the third shock absorbing means at
tension loads greater than the second predetermined
tension load.

The third embodiment may also be embodied in a
method of preventing shock generated by a pile driving
and/or pile pulling vibratory device which generates a
vibratory force and imparts the vibratory force to a pile
from being transmitted to a carrying member for sup-
porting the vibratory device. This method comprises
the steps of: (a) providing a base section adapted to be
connected to one of the carrying member and the vibra-
tory device; (b) providing a connecting section adapted
to be connected to the other of the carrying member
and the vibratory device, where tension loads are ap-
plied to the carrying member which causes a relative
displacement between the connecting section and the
base section; (c) operatively connecting a first shock
absorbing means for absorbing the vibratory force gen-
erated by the vibratory device between the base section
and the connecting section; (d) operatively connecting a
second shock absorbing means for absorbing the vibra-
tory force generated by the vibrating device between
the base section and the connecting section above a first
predetermined tension load; and (e) operatively con-
necting a third shock absorbing means for absorbing the
vibratory force generated by the vibrating device be-
tween the base section and the connecting section above
a second predetermined tension load.

This method further comprises the step of so limiting
relative movement between the base section and the
connecting section that, under a third predetermined
load, the intermediate and connecting sections come
into essentially rigid contact with each other.

More particularly, this method of the third embodi-
ment further comprises the steps of: (a) attaching an
intermediate section to the base section, where the con-
necting section is provided with a center cavity having
front and back inner walls and the intermediate section
extends into the center cavity; (b) forming at least one
first slot in the intermediate section; and (c) forming at
least one second slot in.the intermediate section. The
second and third shock absorbing means each comprise
at least one shock absorbing unit connected between the
front and back inner walls of the center cavity. The
intermediate section so extends into the center cavity
that the at least one shock absorbing unit of the second
shock absorbing means extends through the at least one
corresponding first slot in the intermediate section and
the at least one shock absorbing unit of the third shock
absorbing means extends through the at least one sec-
ond slot in the intermediate section. Finally, the first
slot is formed with at least one edge which contacts and
distorts the at least one shock absorbing unit of the
second shock absorbing means at tension loads greater
than the first predetermined tension load and the second
slot is formed with at least one edge which contacts and
distorts the at least one shock absorbing unit of the third
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shock absorbing means at tension loads greater than the
second predetermined tension load.

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 and first embodiment of the present inven-
tion;

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

FIG. 4 is a sectional view taken along line 44 of
FIG. 2;

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

FIG. 6 is an isometric view of the shock absorbing
apparatus of a second embodiment of the present inven-
tion;

FIG. 7 is an isometric view showing the primary
components of the first and second stop means of the
second embodiment of the invention;

FIGS. 8A, 9A, and 10A, 11A and 12A are sectional
views taken along lines 6—6 of FIG. 6;

FIGS. 8B, 9B, 10B, 11B, and 12B are sectional views
taken along lines 7—7 of FIG. 6;

FIGS. 8C, 9C, 10C, 11C, and 12C are sectional views
taken along, lines 8—8 of FIG. 6;

F1G. 13 is an isometric view of a third embodiment of
the present invention;

FIG. 14 is an isometric view of the intermediate sec-
tion of the third embodiment of the present invention;

FIG. 15 is a front view of the third embodiment of the
present invention;

FIGS. 16A, 16B and 16C are views taken along lines
16A, 16B, and 16C of FIG. 15, respectively;

FIG. 17 is a front view of the third embodiment of the
present invention in a first mode of operation;

FIG. 18A, 18B, and 18C are views taken along lines
18A, 18B, and 18C of FIG. 17, respectively;

FIG. 19 is a front view of the third embodiment of the
present invention in a second mode of operation;

FIGS. 20A, 20B, and 20C are views taken along lines
20A, 20B, and 20C of FIG. 19, respectively;

FIG. 21 is a front view of the third embodiment of the
present invention in a second mode of operation;

FIGS. 22A, 22B, and 22C are views taken along lines
22A, 22B, and 22C of FIG. 21, respectively;

FIG. 23 is a view taken along lines 23 of FIG. 16B;
and

FIG. 24 is a view taken along lines 24 of FIG. 21.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment of the Invention

With reference to FIG. 1, the shock absorbing appa-
ratus 10 of the first embodiment of the present invention
is shown connected to a cable 12 which is in turn car-
ried 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 eccentrically mounted weights
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22 which rotate about parallel axes in opposite direc-
tions 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
absorbing means 30 is more yielding and will perform a
more significant shock absorbing function under lower
load conditions, while the second shock absorbing
means 32 is arranged to have the primary function of
absorbing the shock loads when the loading is at a sub-
stantially higher level. In the 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.

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-
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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
of 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.

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
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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 5§8. On the other hand, the entire interme-
diate section 28 will move upwardly to a much greater
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 siots 82 to some inter-
mediate position. When the machine 16 beings its vi-
brating motion, the vibrations will be transmitted into
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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.

Second Embodiment of the Invention

Turning now to FIG. 6, indicated generally at 110 is
a shock absorbing apparatus of a second embodiment of
the invention. This shock absorbing apparatus 110 is
designed to be suspended by the cable 12 from the boom
14 of the crane 15 in a manner similar to the suspension
of the shock absorbing apparatus 10 of the first embodi-
ment (FIG. 1). The crane 15 exerts a tension load on the
shock absorbing apparatus 110 through the cable 12.
The shock absorbing apparatus 110 of the second em-
bodiment is also connected on its bottom side to the
vibratory machine 16.

The shock absorbing apparatus 110 basically com-
prises a connecting section 112, a base section 114, an
intermediate section 116, a first set 118 of rectangular
solid shock absorbing numbers 120 and 122, and a sec-
ond set 124 of cylindrical shock absorbing members
126. The first set 118 of shock absorbers is attached
between the connecting section 112 and the base section
114 to form a first shock absorbing means for absorbing
vibratory forces generated by the vibratory machine 16,
while the second set 124 is connected between the con-
necting section 112 and the intermediate section 116 to
form a second shock absorbing means for absorbing
these vibratory forces.

Secured to the base section 114 is a first stop member
128 (FIG. 7), which extends through a first aperture or
slot 130 formed in the intermediate section 116. The first
stop member 128 and the first slot 130 comprise a first
stop means for limiting relative movement between the
base section 114 and the intermediate section 116.
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Assembled as described above, the intermediate sec-
tion 116, the first stop member 128, and the first slot 130
comprise a shock connecting means for distributing the
vibratory forces generated by the vibratory machine 16
between the first set 118 of shock absorbers 120 and 122
and the second set 124 of shock absorbers 126. This
shock connecting means distributes the shock of the
vibratory force primarily to the first set 118 of shock
absorbing members 120 and 122 when the tension load
applied by the crane 15 is relatively smaller and primar-
ily to the second set 124 of shock absorbing members
126 when the tension load is relatively larger.

A second stop member 132 extends through second
and third apertures or slots 134 and 136 formed in the
connecting section 112. The second stop chamber 132
and the second and third slots 134 and 136 comprise a
second stop means for limiting relative movement be-
tween the intermediate section 116 and the base section
114

In the following discussion, each of the above men-
tioned components 112-136 will be described in detail,
after which the modes of operation of the shock absorb-
ing apparatus 110 will be described.

For purposes of description, the term “front” will be
employed to denote the portion of the apparatus 110
that appears nearer to the viewer in FIG. 6. Similarly,
the terms “back,” “left,” “right,” *“top”, and “bottom”
denote the portions of the apparatus 110 that appear in
the corresponding positions in FIG. 6.

The apparatus 110 will be considered as having a
longitudinal axis extending from left to right, a trans-
verse axis extending from front to back, and a vertical
axis extending from top to bottom in FIG. 6. These axes
extend through the center of the apparatus 110. The
terms “inner, inward” and “outer, outward” generally
indicate locations closer to and further from, respec-
tively, the center of the apparatus 10. ’

The above-mentioned connecting section 112 is sub-
stantially symmetrical about a plane formed by the
transverse and vertical axes. This connecting section
112 basically comprises a front wall 138, a back wall
140, a left wall 142, and a right wall 144, which are all
vertically aligned and together define a center cavity
146. The above-mentioned slots 134 and 136 are formed
in the center portion of the front and back walls 138 and
140.

Extending outwardly from the left and right walls
142 and 144 are vertically aligned left end walls 148 and
150 and right end walls 152 and 154. The left wall 142
and the left end walls 148 and 150 define a left end
cavity 156, while the right wall 144 and the right end
walls 152 and 154 define a right end cavity 158.

Braces 162 and 164 extend from the upper edges of
front and back walls 138 and 140 above the slots 134 and
136, respectively. A connecting bar 166 is securely
attached between the braces 162 and 164. A connecting
hole 168 is formed in connecting bar 166. The afore-
mentioned cable 12 attaches to the connecting section
112 via a shackle (not shown) inserted through this
connecting hole 168.

The apertures or slots 134 and 136 are formed in the
middle portion of the front and back walls 138 and 140
of the connecting section 112. These slots 134 and 136
extend vertically to allow vertical movement and pre-
vent longitudinal movement of the second stop member
132. In the preferred embodiment, the length of these
slots 134 and 136 in the vertical direction is approxi-
mately 10 inches.
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The above-mentioned base section 114 of the appara-
tus 110 basically comprises a bottom plate 170 and left
and right projecting members 172 and 174 designed to
extend or protrude vertically from the bottom plate 170
into the left and right cavities 156 and 158 of the con-
necting section 112. Each projecting member 172 and
174 comprises a longitudinally aligned side plate 176
and a transversely aligned gusset plate 178. In the pre-
ferred embodiment, the side plate 176 of the left project-
ing member 172 is to the rear side of the left cavity 156,
while the side plate 176 of the right projecting member
174 is to the front side of the right cavity 158. The
bottom plate 170 has holes formed therein so that the
vibrating machine 16 may be securely bolted thereto.

The base section 114 also comprises two support
brackets 180 and 182 (FIG. 7) which vertically and
longitudinally extend from the upper side of the bottom
plate 170. The ends of the above-mentioned first stop
member 128 are mounted in holes 184 (only one shown
in the drawing) formed in the upper ends of the support
brackets 180 and 182. The first stop member thus sup-
ported is parallel to the transverse axis and is maintained
a fixed distance from the bottom plate 170.

The aforementioned shock absorbing members 120
and 122 are solid rubber-like blocks in the shape of a
rectangular solid. These shock absorbing members ab-
sorb shock by yieldingly resisting vertical movement of
the base section 114 relative to the connecting section
110. The combined shock absorbing capacity of these
shock absorbing members (120 and 122 is generally in
the range of 0.25 and 1.0 tons, and is preferably 0.5 tons,
per inch of distortion. In other words, in the second
preferred embodiment as described in more detail be-
low, 0.5 tons of load must be applied between the base
section 114 and the connecting section 1112 to cause
one inch of relative displacement therebetween.

These members 120 and 122 are operatively con-
nected between the connecting section 112 and the base
section 114 in the following configuration. The front
side of the shock absorbing member 120 is securely
attached to the inner surface of the end wall 148 extend-
ing from the left wall 142. The back side of the shock
absorbing member 120 is securely attached to the side
wall 176 of the left projecting member 172. Similarly,
the front side of the shock absorbing member 122 is
securely attached to the inner surface of the end wall
154 extending from the right wall 144, and the back side
of the shock absorbing member 122 is securely attached
to the side wall 176 of the right projecting member 174.
Thus, the connection of the shock absorbing members
120 and 122 to the connecting and base sections 112 and
114 is essentially a mirror image about the plane defined
by the transverse and vertical axes.

The shock absorbing members 120 and 122 are opera-
tively connected between the base section 112 and the
connecting section 116 by bolts 186 that extend through
flanges 188 on the members 120 and 122 and into end
walls 148 and 154, respectively.

The above-introduced intermediate section 116 will
now be discussed in further detail. The intermediate
section 116 is substantially symmetrical about the plane
formed by the transverse and vertical axes and com-
prises a generally rectangular plate 190 that has a stop
projection 192 extending from the upper edge thereof.
An array of four holes 194 are formed on each of the left
and right halves of the plate 190. These holes 194 re-
duce the overall weight of the intermediate section 116
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and are coaxially aligned with the cylindrical shock
absorbing members 126.

The above-mentioned first slot 130 is formed in the
center portion of the plate 190. This slot 130 extends
vertically from near the bottom edge of the plate 190 to
just below the stop projection 192. This slot 130 allows
vertical movement and prevents longitudinal move-
ment of the first stop member 132. The length of this
slot 130 in the vertical direction is approximately 12
inches in the preferred embodiment.

The second stop member 132, which is a cylindrical
piece of metal, is mounted in the stop projection 192 so
that it is parallel to the transverse axis. When the appa-
ratus 110 is assembled, the stop member 132 extends a
short distance from the front and back sides of the plate
190. The front end of the stop member 132 extends into
the second siot 134, while the back end thereof extends
into the third slot 136 (FIG. 6).

The above-mentioned second set 124 of shock ab-
sorbers is operatively connected between the intermedi-
ate section 116 and the connecting section 112 so that
they are generally parallel to the transverse axis. Specif-
ically, bolts 196 are inserted through holes in flanges
198 formed on the ends of each cylindrical shock ab-
sorbing members 126. These bolts 196 are adapted to be
secured in holes in the front and back walls 138 and 140
of the carrying section 112 and in holes 200 in the plate
190. In the second preferred embodiment, a total of
sixteen cylindrical shock absorbing members 126 are
employed: eight between the front wall 138 and front
side of the plate 190, and eight between back wall 140
and the back side of the plate 190.

These shock absorbing members 126 are made of a
rubber-like shock absorbing material formed in a gener-
ally cylindrical shape. These members 126 absorb shock
by yieldingly resisting vertical movement of the inter-
mediate section 116 relative to the connecting section
112. The maximum total shock absorbing capacity of
these sixteen shock absorbing members 126 is approxi-
mately between 6 and 10 tons, is preferably 8 tons, per
inch of distortion. In other words, 8 tons of force would
be necessary to displace the connecting section 112 one
inch relative to the intermediate section 114.

The total shock absorbing capacity of the shock ab-
sorbers 126 is significantly greater than the total shock
absorbing capacity of the shock absorbing members 120
and 122 of the first set 118 of shock absorbing members;
that is, the relatively large block like shock absorbing
members 120 and 122 permit substantially greater de-
flection per unit force than so the cylindrical shock
absorbing members 126. Therefore, in the second pre-
ferred embodiment, the second set 124 of shock absorb-
ers absorbs approximately 16 times the shock as the first
set 118 of shock absorbers.

From the foregoing description, it is apparent that,
when the various components 112-136 are assembled
and the apparatus 110 is operating, the connecting,
intermediate, and base sections 112, 114, 116 can move
vertically relative to each other. Generally, movement
of the base section 114 relative to the connecting section
112 is damped by the first set 118 of shock absorbing
members and limited by the interaction of the first stop
member 128 and slot 130. Similarly, movement of the
intermediate section 114 relative to the connecting sec-
tion 112 is damped by the second set 124 of shock ab-
sorbing members and limited by the interaction of the
second stop member 132 and the second and third slots
134 and 136.
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The modes of operation of the present invention will
now be described. In general, the present invention can
be employed when driving a pile or when pulling the
pile. When driving a pile, the weight of the various
pieces of machinery and the vibratory force generated
by the vibratory machine 16 cooperate to force the pile
into the ground.

When pulling a pile, a tension load is applied to the
apparatus 110 by the crane 15 in cooperation with the
vibratory force to pull the pile from the ground. The
amount of tension load required to pull any given pile
from the ground varies according to various conditions,
such as the type of pile, depth of the pile, and type of
soil into which the pile was driven, and generally is not
known exactly prior to the pulling of the pile. Accord-
ingly, the tension load is gradually increased until the
pile breaks loose from the ground. After the pile breaks
loose, an operator of the crane attempts to apply a
steady tension load on the pile to pull the pile com-
pletely from the ground.

The second embodiment of the present invention is
designed such that the apparatus 110 goes through two
modes of operation when the tension load is gradually
increased to pull the pile from the ground. The modes
of operation of the second embodiment will be de-
scribed below for both pile driving and pile pulling in
further detail with reference to FIGS. 8-13.

When the vibratory machine 16 is employed to drive
the pile 20, little or no tension load is applied by the
crane 14 to the apparatus 110. In this case, the weight of
the shock absorbing apparatus 110, vibratory machine
16, and jaw mechanism 18 is applied to the pile 20 while
the vibratory machine 20 is operating. The combination
of the weight and vibration applied to the pile 20 forces
the pile 20 into the ground.

FIG. 8A depicts the relative positions of the connect-
ing section 112, intermediate section 114, and base sec-
tion 116 when no tension loads are applied to the shock
absorbing apparatus 110 by the crane 15 through the
cable 12. FIG. 8A further depicts the relative displace-
ment of the first stop member 128 within the slot 130
and the second stop member 132 within the second and
third slots 134 and 136. When no external loads are
applied to the apparatus 110, the first stop member 128
resides approximately midway between the upper and
lower surfaces 202 and 204 of the slot 130, while the
second stop member 132 extends into the slots 134 and
136 towards the upper edges 206 and 208 thereof

FIGS. 8B and 8C depict the state of the second set
124 of shock absorbing members 126 and the left shock
absorbing member 120 of the first set 118 of shock ab-
sorbing members, respectively, when no load is applied
to the apparatus 110. In this condition, the shock ab-
sorbing members 120, 122, and 126 are not physically
distorted.

During the driving of the pile, the vibratory machine
16 applies a vibratory force to drive the pile 20 into the
ground as described above. This vibratory force causes
the base section 116 to be displaced up and down rela-
tive to the connecting section 112. In the second pre-
ferred embodiment, this displacement is approximately
15/16 of an inch and is indicated by arrows A in FIG.
8A.

Because the shock absorbing members 120 and 122
are operatively connected between the base and con-
necting sections, these shock absorbing members 120
and 122 will distort slightly during driving of the pile.
Accordingly, when the second preferred embodiment is
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employed to drive a pile, the shock absorbing members
120 and 122 yieldingly resist the vibratory force to
prevent this force from being transferred to the cable
12.

The shock absorbing members 126 are not deformed
by the vibratory forces when no tension loads are ap-
plied and thus do not absorb the shocks created by the
vibratory machine 16 (FIG. 8B).

In FIG. 9A, a situation in which the vibratory ma-
chine 16 and crane 15 are being employed to puil the
pile 20 from the ground is depicted. In this situation, the
apparatus 110 is in a first stage mode in which a first,
relatively lower range of tension loads are applied by
the crane 15. This first stage mode typically occurs for
tension loads of less than 10 tons.

In this first range of loads, the vibratory force and
tension load cause a displacement of the base section
116 relative to the connecting section 114 (FIG. 9A). As
a comparison of FIGS. 8A and 9A reveals, the first stop
member 128 is located within slot 130 farther from the
top edge 202 and nearer to the bottom edge 204 of the
slot 130 than when no tension loads are applied. Arrows
B indicate the slight up and down movement caused by
the vibratory force. The relative displacement caused
by the vibratory forces in this first stage mode is approx-
imately 4 inch.

The shock members 120 and 122, which are opera-
tively connected between the base and connecting sec-
tions, distort and yieldingly resist movement caused by
the vibratory force (FIG. 9C). Thus, in the relatively
lower range of loads, the vibratory forces are absorbed
primarily by the first set 118 of shock absorbing mem-
bers. .

As when no tension load is applied by the crane 15,
the shock absorbing members 126 are not deformed
when the tension loads are within this first relatively
smaller range of loads and thus do not absorb the shocks
created by the vibratory machine 16 (FIG. 9B).

In FIG. 10A, the situation in which a first predeter-
mined vertical tension load is applied to the apparatus
110 is illustrated. This first predetermined load is the
maximum load of the first, relatively lower range of
loads that may be expected to be applied to the appara-
tus 110. When the load is equal to or greater than the
first predetermined load, the first stop member 128 so
contacts the upper edge 204 of the first slot 130 that the
base and intermediate sections 116 and 114 come into
substantially rigid contact with each other. Accord-
ingly, vibratory forces applied to the base section 116
are transmitted through the first stop member 128 to the
intermediate section 114 at loads greater than the first
predetermined load. :

As can be seen in FIG. 10B, when the loads are at this
first predetermined load, the second set 124 of shock
absorbing members is not distorted by loads applied to
the apparatus 110.

In FIG. 11A, the situation is depicted in which the
tension load is within the second, relatively higher
range of loads. The apparatus operates in the second
stage mode of operation when the loads are within this
second range. This second range of loads is approxi-
mately between 10 and 100 tons for the preferred em-
bodiment.

As the tension load applied by the crane 15 enters the
second, relatively higher range of loads, the first stop
member 128 is in substantially rigid contact with the
bottom edge 204 of the first slot 130 (FIG. 11A). There-
fore, further increase of the tension loads causes a rela-

15

25

30

35

40

45

50

55

65

16
tive displacement of the connecting section 112 relative
to the intermediate section 114. »

More particularly, during pulling of the pile 20 in this
second, relatively greater range, the tension loads and
the vibratory force are applied to the pile 20. The vibra-
tory force causes a relative up and down displacement
between the base section 116 (as well as the intermedi-
ate section 114 which is in rigid contact with the base
section 116) and the connecting section 112. This up and
down movement is indicated by arrows C in FIG. 11A
and is less than 0.5 inches in the preferred embodiment.

Because the second set 124 of shock absorbing mem-
bers 126 is operatively connected between the interme-
diate and connecting sections 114 and 112, the shock
absorbing members 126 begin to deform when the loads
are in the second range of loads (FIG. 11B). As shown
in FIG. 11C, the first set 118 of shock absorbing mem-
bers continues to deform above the first predetermined
load.

Therefore, both the first set 118 and second set 124 of
shock absorbing members yieldingly resist the vibratory
forces generated by the vibratory machine 16 when the
apparatus 110 is in the second stage mode. However, as
the shock absorbing capacity of the second set 124 of
shock absorbing members is significantly greater than
that of the first set 118 of shock absorbing members, the
vibratory forces are absorbed primarily by the second
set 124 of shock absorbing members.

In FIG. 12A, the situation in which a second prede-
termined vertical tension load is applied to the appara-
tus 110 is depicted. This second predetermined load,
which is greater than the first predetermined load, is the
maximum load of the second, relatively higher range of
loads.

When the magnitude of the load applied to the appa-
ratus 110 is equal to this second predetermined load, the
second stop member 132 so contacts the bottom edges
210 and 212 of the second and third slots 134 and 136
that the intermediate and connecting sections 116 sec-
tions 116 and 112 come into essentially rigid contact
with each other (FIG. 12A). Essentially then, the vibra-
tory force is transmitted undamped from the vibrating
machine 16 to the cable 12 through the base section 116,
the intermediate section 114, and the connecting section
112. The vibratory machine 16 thus should not be oper-
ated at tension loads exceeding this second predeter-
mined load.

The first and second stop members 128 and 132 serve
a purpose in addition to that of limiting relative move-
ment of the components to which they are attached.
These stop members 128 and 132 would contact the
bottoms of the slots into or through which they extend,
as shown in FIG. 12A, if both the first and second sets
118 and 124 of shock absorbing members should fail.
Thus, these stop members 128 and 132 prevent the vi-
brating machine 16 and pile 20 from falling due to a
failure of the shock absorbing members.

The dynamic characteristics of each of the sets 118
and 124 of shock absorbing members are designed to
match the characteristics of the components to which
they are to be attached and the expected force loads to
be encountered. Such design has not been discussed in
detail herein because it is well within the state of the art.

Third Embodiment of the Invention

Turning now to FIG. 13, indicated generally at 210 is
a shock absorbing apparatus of a third embodiment of
the invention. This shock absorbing apparatus 210 is
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designed to be suspended by the cable 12 from the boom
14 of the crane 15 in a manner similar to the suspension
of the shock absorbing apparatus 10 of the first embodi-
ment (FIG. 1). The crane 15 exerts a tension load on the
shock absorbing apparatus 210 through the cable 12.
The shock absorbing apparatus 210 of the second em-
bodiment is also connected on its bottom side to the
vibratory machine 16.

The shock absorbing apparatus 210 basically com-
prises a connecting section 212, a base section 214, an
intermediate section 216, a first set 218 of rectangular
solid shock absorbing members 220 and 222, a second
set 224 of cylindrical shock absorbing members 226, and
a third set 228 of cylindrical shock absorbing members
230. Each of these shock absorbing means is adapted to
absorb shock in a predetermined range of tension loads
by yieldingly resisting the vibratory force generated by
the vibratory machine 16. '

The apparatus 210 operates in a manner basically
similar to that of the apparatus 110 of the second em-
bodiment. The primary differences between the first
and second embodiments are as follows. First, the first
set 218 of shock absorbers is attached between the con-
necting section 212 and the base section 214 to form a
first shock absorbing means for absorbing vibratory
forces generated by the vibratory machine 16. How-
ever, the second embodiment comprises second and
third sets 224 and 228 of shock absorbing members, and
the second and third sets 224 and 228 are selectively
connected between the connecting section 212 and the
intermediate section 216 to form second and third shock
absorbing means for absorbing these vibratory forces.

Second, unlike in the second embodiment, in the third
embodiment the intermediate section 216 is securely
attached to the base section 214 by bolts 232.

Third, in the third embodiment, center slots 234, side
slots 236, and edge slots 238 are formed in the interme-
diate section 216 (FIG. 14). Further, the cylindrical
shock absorbing members 226 and 230 are not con-
nected directly to the intermediate member, but are
instead connected to each other through these slots 234,
236, and 238. The slots 234, 236, and 238 in the interme-
diate section 216 interact with the second and third sets
224 and 228 of shock absorbing members to comprise a
shock connecting means for so distributing the vibra-
tory force among the first, second, and third sets of
shock absorbing members that, when the load applied to
the cable or carrying member 12 is within any of the
predetermined ranges of tension loads, the vibratory
force is resisted primarily by shock absorbing means
adapted to absorb shock in that predetermined range.

The apparatus 210 further comprises a stop means 240
which is comprised of a pair of stop plates 242 and a pair
of stop bars 244 (FIGS. 13, 24). At a certain predeter-
mined tension load, the stop bars so contact the stop
plates 242 that the intermediate section comes into es-
sentially rigid contact with the connecting section 212.

The connecting section 212, base section 214, and
first set 218 of shock absorbing members are formed and
assembled in substantially the same manner as the con-
necting section 112, base section 214, and first set 118 of
shock absorbing means of the apparatus 110 of the sec-
ond embodiment. Accordingly, in the following discus-
sion, only the fabrication and assembly of the intermedi-
ate section 216, second and third sets 224 and 228 of
shock absorbing members, and stop means 240 will be
discussed in detail. After that, the modes of operation of
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the apparatus 210 of the third embodiment will be dis-
cussed.

For purposes of description, the term “front” will be
employed to denote the portion of the apparatus 210
that appears nearer to the viewer in FIG. 13. Similarly,
the terms “back,” “left,” “right,” “top”, and “bottom”
denote the portions of the apparatus 210 that appear in
the corresponding positions in FIG. 13.

The intermediate section 216 comprises a vertically
aligned slotted plate 246 and a horizontally aligned
mounting plate 248. The slotted plate 246 is securely
welded to or integrally formed with the mounting plate
248. Holes 250 are formed along the front and back
edges of the mounting plate 248 through which the
bolts 232 are inserted to attach the mounting plate 248 in
a centered position on the base section 214. So attached,
the slotted plate 246 is fixed relative to the base section
214.

The intermediate section is symmetrical about its
vertical axis. The slots 234, 236, and 238 are vertically
aligned. The center slots 234 each have an upper edge
234 and a lower edge 234b. The side slots 236 each
have an upper edge 2364, a lower edge 236b, and an
intermediate edge 236¢. The edge slots 238 each have an
upper edge 238q and a lower edge 238b. The lower
edges 234b, 236b, and 238b are aligned in a first horizon-
tal plane. The upper edges 234a and 2364 of the center
and side slots 234 and 236 are aligned in a second hori-
zontal plane. Further, the upper edges 2384 of the edge
slots 238 are aligned with the intermediate edges 236¢ of
the side slots 236 in a third horizontal plane. The first
horizontal plane is below the second horizontal plane,
and the third horizontal plane is between the first and
second horizontal planes.

The left and right stop bars 244 are mounted on the
intermediate section 216 such that they extend to the
front and back of the slotted plate 246.

In the third embodiment, the cylindrical shock ab-
sorbing members are not connected between the con-
necting section and intermediate section; rather, an
outer end of each of these members is connected to the
connecting section 212 and an inner end of each of these
members is connected to the inner end of an opposing
member through the various slots formed in the slotted
plate 246. The connection of the outer ends to the con-
necting section 212 is described in the discussion of the
second embodiment and will not be described below.

More particularly, as shown in FIGS. 15 and 23,
upper and lower bolts 252z extend through holes in
inner flanges 2264 formed on the front cylindrical shock
absorbing members 226, through spacers 254 in the side
slots 236, and through holes formed on the inner flanges
226a of the rear members 226 which oppose the front
members 226. Upper and lower bolts 252b extend
through holes in the outer flanges 2265 of the members
226, through the spacers 254 in the edge slots 238, and
through holes formed on the outer flanges 2265 of the
opposing rear members 226.

So assembled, the front and rear shock absorbing
members 226, the bolts 2524,b, and the spacers 254 form
a shock absorbing unit which is connected between the
inner surfaces of the front and back walls of the con-
necting section 212.

Similarly, as shown in FIG. 15, upper and lower bolts
256a extend through holes in inner flanges 2302 formed
on the front cylindrical shock absorbing members 230,
through a spacer (not shown) in the center slots 234,
and through holes formed on the inner flanges 230z of
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the rear members 230 which oppose the front members
230. Similarly, upper and lower bolts 2566 extend
through holes in the outer flanges 2305 of the members
230, through spacers (not shown) in the side slots 236,
and through holes formed on the outer flanges 2306 of
the opposing rear members 230. The spacers through
which bolts 256a,b extend are basically the same as
those through which bolts 252a,b extend.

So assembled, the front and rear shock absorbing
members 230, the bolts 256a,b, and the spacers associ-
ated with the bolts 2564,5 form a shock absorbing unit
which is connected between the inner surfaces of the
front and back walls of the connecting section 212.

Assembled as described above, the intermediate sec-
tion 216 having slots 234, 236, and 238 through which
the shock absorbing units of the second and third shock
absorbing means 224 and 228 extend comprises a shock
connecting means for so selectively connecting each of
the plurality of shock absorbing means between the
vibratory device 16 and the cable 12 that the total shock
absorbing capacity of the apparatus 210 is incrementally
increased as the tension load applied to the carrying
member increases.

Turning now to FIG. 24, the stop means 240 will be
explained. The stop plates 242 are basically U-shaped in
cross-section. These stop plates extend through holes
258 formed in the front and back walls of the connect-
ing section 212. Bolts 260 extend through holes in the
stop plate 242 and connecting section 212 to secure the
stop plate 242 to the connecting section 212. Thus as-
sembled, a downward force on the stop plate 242 is
transmitted to the connecting section 212.

Each stop bar 244 is a rectangular solid bar with a
groove cut on its upper surface. A cut-out portion 262 is
formed on the upper edge of the slotted plate 246 (FIG.
14). Projections 264 extend into this cut-out portion.
These projections 264 are adapted to be snugly received
within the grooves on the upper surface of the stop bar
so that an upward force applied to the stop bars 244 is
transmitted to the slotted plate 246.

The stop plates 242 extend from the connecting sec-
tion 212 and the stop bars 244 extend from the interme-
diate section 216 so that the stop bars 244 contact the
stop plates 242 when the intermediate section 216 is
displaced a predetermined distance relative to the con-
necting section 212.

The modes of operation of the apparatus 210 will now
be discussed. The apparatus 210 is used in basically the
same way as the apparatus 110. FIGS. 16A-C depict the
status of the first, second and third sets 218, 224, 228,
respectively, of shock absorbing members when no
external tension loads are applied on the cable 12.

FIGS. 17 and 18A-C depict the apparatus 210 in a
first mode of operation. In this first mode, a first, rela-
tively lower range of tension loads are applied on the
cable 12. A comparison of FIGS. 15 and 17 reveals that
these tension loads cause the base section 214 and con-
necting section 216 to be displaced downwardly rela-
tive to the connecting section 212. Only the first set 218
of shock absorbing members 220 and 222 are distorted
by the vibratory forces generated by the vibratory ma-
chine 16 (FIGS. 18A-C). Thus, these vibratory forces
are absorbed primarily by the first set 218 of shock
absorbing members in this first mode of operation.

FIGS. 19 and 20A-C depict the apparatus 210 in a
second mode of operation. In this second mode, a sec-
ond, middle range of tension loads are applied on the
cable 12. The tension loads in this second range are
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greater than the tension loads in the first range of loads.
A comparison of FIGS. 17 and 19 reveals that these
greater tension loads cause the base section 214 and
connecting section 216 to be displaced further down-
wardly relative to the connecting section 212. In this
second mode, the spacers 254 contact the intermediate
edges 236¢ of the side slots 236 and the upper edges 238«
of the edge slots 238. Thus, the inner sides of the shock
absorbing members 226 are downwardly displaced with
further downward displacement of the intermediate
section 216 relative to the connecting section 212 (FIG.
20B). The first set 218 and second set 224, but not the
third set 226, of shock absorbing members are distorted
by the vibratory forces generated by the vibratory ma-
chine 16 (FIGS. 20A-C). Because the cumulative shock
absorbing capacity of the shock absorbing members 226
is greater than that of the shock absorbing members 220
and 222, the vibratory forces are absorbed primarily by
the second set 218 of shock absorbing members in this
second mode of operation.

FIGS. 21 and 22A-C depict the apparatus 210 in a
third mode of operation. In this third mode, a third,
relatively higher range of tension loads are applied on
the cable 12. The tension loads in this third range are
greater than the tension loads in the second range. A
comparison of FIGS. 19 and 21 reveals that these still
greater tension loads cause the base section 214 and
connecting section 216 to be displaced still further
downwardly relative to the connecting section 212. In
this third mode, the spacers 254 contact the upper edges
2344 of the center slot 234 and the upper edges 236a of
the side slots 236. Thus, downward displacement of
intermediate section 216 relative to the connecting sec-
tion 212 causes distortion of the shock absorbing mem-
bers 230 of the third set 228 of shock absorbing mem-
bers (F1G. 22C). The first set 218, second set 224, and
third set 228 of shock absorbing members are distorted
by the vibratory forces generated by the vibratory ma-
chine 16. All of the shock absorbers of the shock ab-
sorbing apparatus 210 absorb shock in the third mode,
so the vibratory forces are effectively absorbed even for
these relatively larger tension loads in this third range of
tension loads.

At a predetermined tension load, which corresponds
to the maximum load of this third range of loads, the
stop bar 244 comes into contact with the stop plate 242.
When this occurs, the intermediate section 216 cannot
be displaced further downwardly relative to the con-
necting section 212. The apparatus 210 should not be
operated at loads greater than the predetermined ten-
sion load at which the stop bar 244 comes into contact
with the stop plate 242.

The dynamic characteristics of each of the sets 218,
224, and 226 of shock absorbing members are designed
to match the characteristics of the components to which
they are to be attached and the expected force loads to
be encountered. Such design has not be discussed in
detail herein because it is well within the state of the art.

However, it should be noted that the present inven-
tion as described in this third embodiment gives the
designer great latitude in configuring the present inven-
tion for different expected force loads. Specifically, by
employing three or more sets of shock absorbing mem-
bers, the third embodiment allows the total shock ab-
sorbing capacity of the apparatus 210 to be incremen-
tally increased as the tension loads are increased. Thus,
the shock absorbing capacity of the apparatus 210 over
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a wide range of loads may be finely tuned to allow

optimal shock absorption for expected tension loads.

From the foregoing, it should be clear that the pres-
ent invention may be embodied in forms other than
those disclosed above without departing from the spirit
or essential characteristics of the invention. The above-
described embodiments are therefore to be considered
in all respects illustrative and not restrictive, the scope
of the invention being indicated by the appended claims
rather than the foregoing description. All changes that
come within the meaning and scope of the claims are
intended to be embraced therein.

I claim:

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 adapted to be connected to one of the

carrying member and the vibratory device;
a connecting section adapted to be connected to
the other of the carrying member and the vibratory
device, where tension loads are applied to the car-
rying member which causes a relative displacement
between the connecting section and the base sec-
tion;

. first shock absorbing means connected between the
base section and the connecting section for absorb-
ing the vibratory device generated by the vibratory
device;

. second shock absorbing means connected between
the base section and the connecting section above a
first predetermined load for absorbing the vibra-
tory force generated by the vibrating device;

e. third shock absorbing means connected between
the base section and the connecting section above a
second predetermined tension load for absorbing
the vibratory force generated by the vibrating de-
vice; and

f. stop means for so limiting relative movement be-
tween the base section and the connecting section
that, under a third predetermined load, the inter-
mediate and connecting sections come into essen-
tially rigid contact with each other.

2. An apparatus as recited in claim 1, further compris-
ing an intermediate section attached to the base section,
in which:

a. the connecting section has a center cavity having

front and back inner walls;

b. the second and third shock absorbing means each
comprise at least one shock absorbing unit con-
nected between the front and back inner walls of
the center cavity; and

. the intermediate section so extends into the center
cavity that the at least one shock absorbing unit of
the second shock absorbing means extends through
at least one corresponding first slot in the interme-
diate section and the at least one shock absorbing
unit of the third shock absorbing means extends
through at least one second slot in the intermediate
section;

whereby the first slot is formed with at least one edge

which contacts and distorts the at least one shock ab-

sorbing unit of the second shock absorbing means at
tension loads greater than the first predetermined ten-
sion load and the second slot is formed with at least one
edge which contacts and distorts the at least one shock
absorbing unit of the third shock absorbing means at
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tension loads greater than the second predetermined
tension load.

3. An apparatus as recited in claim 2, in which the
connecting section further defines first and second end
cavities, where the base section has first and second
projections that protrude into the first and second end
cavities, respectively, and the first shock absorbing
means comprises first and second rectangular solid rub-
ber shock absorbing members, where the first rectangu-
lar solid shock absorbing member extends from an inner
wall of the first end cavity to the first projection and the
second rectangular solid shock absorbing member ex-
tends from an inner wall of the second cavity to the
second projection.

4. 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 pulling means
for applying a tension load to a carrying member, the
shock absorbing apparatus comprising:

a. a base section adapted to be connected to the vibra-

tory device;

b. a connecting section adapted to be connected to
the carrying member;

a plurality of shock absorbing means for absorbing
vibratory force, where a predetermined tension
load is associated with each of the plurality of
shock absorbing means; and
. means for so connecting each of the shock absorb-
ing means between the base section and the con-
necting section at the predetermined tension loads
associated with the shock absorbing means that
i. below a given tension load on the connecting
section, at least one of the plurality of shock
absorbing means is effective to absorb the vibra-
tory force, and
ii. above the given tension load on the connecting
section, additional of the shock absorbing means
are effective to absorb the vibratory force,

5. An apparatus as recited in claim 4, in which the
connecting means connects at least a first shock absorb-
ing means of the plurality of shock absorbing means
between the base and connecting sections under all
tension loads applied to the carrying member.

6. An apparatus as recited in claim 5, in which the
connecting means connects at least a second shock ab-
sorbing means of the plurality of shock absorbing means
between the base section and the connecting section
under a first predetermined load.

7. An apparatus as recited in claim 6, in which the
connecting means connects at least a third shock ab-
sorbing means of the plurality of shock absorbing means
between the base section and the connecting section
under a second predetermined load, where the second
predetermined load is greater than the first predeter-
mined load.

8. An apparatus as recited in claim 6, in which the
connecting means comprises an intermediate plate con-
nected to one of the base section and the connecting
section and having at least a first slot formed therein
corresponding to the second shock absorbing means,
where a contacting portion of the second shock absorb-
ing means so extends through the first slot correspond-
ing thereto that:

a. the contacting portion of the second shock absorb-

ing means moves within the slot when the tension
loads are below the first predetermined load; and

C.
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b. the contacting portion of the first shock absorbing
means so engages a contacting surface of the first
slot at tension loads equal to and greater than the
first predetermined load that the first shock absorb-
ing means also yieldingly absorbs shocks generated
by the vibratory device.

9. An apparatus as recited in claim 7, in which the
connecting means comprises an intermediate plate con-
nected to one of the base section and the connecting
section and having at least a first slot and a second slot
formed therein corresponding to the second and third
shock absorbing means, respectively, where a contact-
ing portion of the second shock absorbing means ex-
tends through the first slot corresponding thereto and a
contacting portion of the third shock absorbing means
extends through the second slot corresponding thereto
so that:

a. the contacting portions of the second and third
shock absorbing means moves within their respec-
tive slots when the tension loads are below the first
predetermined load; and
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b. the contacting portion of the first shock absorbing
means sO engages a contacting surface of the first
slot at tension loads equal to and greater than the
first predetermined load that the second shock
absorbing means also yieldingly absorbs shocks
generated by the vibratory device; and

c. the contacting portion of the second shock absorb-

ing means so engages a contacting surface of the
second slot at tension loads equal to and greater
than the second predetermined load that the third
shock absorbing means also yieldingly absorbs
shocks generated by the vibratory device.

10. An apparatus as recited in claim 9, further com-
prising stop means for limiting relative movement be-
tween he base section and the connecting section under
a maximum tension load, where the maximum tension
load is greater than the second predetermined load.

11. An apparatus .s recited in claim 4, further com-
prising stop means for limiting relative movement be-
tween the base section and the connecting section under

a maximum tenston load.
* * % * *



