747

azn United States Patent

White

31

US0076947471

(0) Patent No.: US 7,694,747 B1

(54)

(75)

(73

(*)

(an

(22)

(56)

PRELOADED DROP HAMMER FOR

DRIVING PILES

Inventor:  John L. White, Kent. WA (UIS)

Assignee:  American Piledriving Equipment, Inc.,
Kent. WA (US)

Notice:  Subject to any disclaimer. the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

Appl. No.: 10/667,176

Filed: Sep. 17, 2003

Related U.S. Application Data
Provisional application No. 60/411.683. filed on Scp.

17.2002.

Int. CL.
B25D 9/00

US.CL .

Field of Classification Search

(2006.01)
........ 173/1: 173/89: 173/132:
1737212
..................... 17341,

173/133, 135-137, 206. 208, 209, 89. 212;

405/232

Sce application file for complete scarch history.

References Cited

U.S. PATENT DOCUMENTS

3,193,026 A *  7/1965
3789930 A * 21974
3797585 A * 31974
3.822969 A 71974
3,967,688 A 7/1976
3975918 A *  8/1976
4,076,081 A * 2/1978

Kupka .oeovinveineninnnens
Nishimura et al.
Ludvigson ....cccoevvrennes
Kummel
Inenaga ¢l al.
JanSZ coecciiiiien s 405/232
Schnell ooeeeeeiceneeenenns 173/137
2 10
I
v -11/70
a~_(I
|
H~—46
l 54
50—~ ™~ &0
42’\-72/58
40 -
4 il M —s6
- =
84— —p i
_:D ; 82
32—~
36—~

45 Date of Patent: Apr. 13,2010
4100475 A 8/1978 Schnell

4,154,307 A 51979 Gendron ¢t al. eeeeeeeeeeen.s (7321
4,362,216 A * (01982 Janss ccceeiivceenniennenns 173/131t
4421080 A 7 127/1983 Fleishman et al. .......... 173124
4497376 A * 21985 Kurylko ... 173/
4799557 A *  1/1989 Jacquemes ... 173/91
4844661 A *  T7/M989 Martinet al, .....oeveeeenn 405/232
4,993,500 A * 21991 Greeneetal, oeeeeneeennnnnn. 173/t
5,154,667 A * (/1992 Mauchetal. ............... 173/135
5727.639 A F VY98 eIl e 173/132
6,003,619 A % (271999 Lange ....ceeeiinrenenniens 173/184
6,102,133 A * 82000 Scheidetal, ..ooeenenees 173/208
6,736,218 BI* 52004 White ..occeevvvennnnenne 173/135

OTHER PUBLICATIONS

Portions of Operations Manuals for Diesel Hammers Depicting the
Basic Operation of Diesel Hammers and Fuel Pumps Used by Com-
mercinlly Available Dicsel Hammers (8 pages).

* cited by examiner

Primary Examiner—Thanh K Truong,

(74) Attorney, Agent, or Firm—Michael R. Schacht; Schacht
Law Office, Inc.
(57 ABSTRACT

A drop hammer for driving piles. The drop hammer of the
present invenlion comprises a housing member and a ram
member. The housing member defines a housing chamber.
The ram member is supported within the housing chamber for
movement relative to the housing member between an upper
position and a lower position. When the ram member moves
into the lower position. the impact of the ram member drives
the pile. When the ram member falls below a preload position
between the lower and upper positions, fluid within a pretoad
chamber portion of the housing chamber compresses as the
ram member moves into the lower position.

9 Claims, 4 Drawing Sheets
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PRELOADED DROP HAMMER FOR
DRIVING PILES

RELATED APPLICATIONS

This application claims priority of U.S. Provisional Appli-
cation Ser. No. 60/41 1,683 filed on Sep. 17. 2002,

TECHNICAL FIELD

The present invention relates to methods and apparatus for
inserting elongate members into the carth and. more particu-
larty. 1o drop hammers that create pile driving forces by lifling

and dropping a hammer to apply a driving force to the top of

a pile.
BACKGROUND OF THE INVENTION

For certain construction projects, clongate members such
as piles, anchor members. caissons, and mandrels for insert-
ing wick drain material must be placed into the carth. Tt is
well-known that such rigid members may often be driven into
the earth without prior excavation. The term “piles™ will be
used herein to refer to the clongate rigid members typically
driven into the carth.

One system for driving piles is conventionally referred to
as a dicsel hammer. A dicsel hammer employs a (loating ram
member that acts both as a ram for driving the pile and as a
piston for compressing dicsel fuel. Diesel fuel is injected into
a combustion chamber below the ram member as the ram
member drops. The dropping ram member engages a helmet
member that translers the foad of the ram member to the pile
{0 drive the pile. At the same time, the diescl fuel ignites,
forcing the ram member and the helmet member in opposite
directions. The helmet member further drives the pile, while
the ram member begins a new combustion cycle. Another
such system is a drop hammer that repeatedly lifts and drops
a hammer onto an upper end of the pile to drive the pile into
the carth.

Diesel hammers seem to exhibit fewer problems with ten-
sion cracking in concrete piles than similarly configured
external combustion hammers. The Applicants have recog-
nized that the combustion chambers of diesel hammers pre-
load the system before the hammer impact and that this pre-
loading may explain the reduction of tension cracking in
concrete piles associated with diesel hammers.

The need thus exists for improved drop hammers that
induce stresses in the pile driven that are similar to the stresses
induced by dicsel hammers.

SUMMARY OF THE INVENTION

The present invention may he embodied as a drop hammer
for driving a pile. The drop hammer of the present invention
comprises a housing member and a ram member. The housing
member defines a housing chamber. The ram member is sup-
poried within the housing chamber for movement relative Lo
the housing member between an upper position and a lower
position. When the ram member moves into the lower posi-
tion. the impact of the ram member drives the pile. When the
ram member falls below a preload position between the lower
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and upper positions. lluid within a preload chamber portion of
the housing chamber compresses as the ram member moves
into the lower position.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1E are somewhat schematic sectional views of a
drop hammer ol the present invention depicting the drive
cycle thereols and

FIGS. 2-4 represent computer simulations of foree records
comparing a conventional drop hammer with a conventional
dicsel hammer under various conditions.

DETAILED DESCRIPTION OF THE INVENTION

Turning to the drawing, depicted at 20in FIGS. 1A-1Eisa
drop hammer system constructed in accordance with. and
embodying. the principles of the present invention. The drop
hammer system 20 is designed to insert a pile 22 into the
ground. The drop hammer system 20 will include a spotier,
crane, or other cquipment as necessary (o hold the hammer
system 20 in a desired orientation with respect to the ground.
Such structural components of the hammer system 20 are
conventional and will not be described herein.

The drop hammer system 20 compriscs a ram member 30,
a helmet member 32, a housing member 34, and a clamp
assembly 36. The housing member delines a housing cham-
ber 38. The ram member 30 is guided by the housing member
34 for movement within the housing chamber 38 between a
lower position (FIG. 1B) and an upper position (FIG. 1D).
The helnict member 32 is guided by the housing member 34
for movement between a rest position (FIG. 1A) and an
impact position (FIG. 1B). The helmet member 32 is rigidly
connected to the clamp assembly 36. The clamp assembly 36
is detachably fixed relative to the pile 22.

A preload chamber portion 40 is formed within the housing
chamber 38 of the housing member 34 between a lower
surface 42 of the ram member 30 and an upper surface 44 of
the helmet member 32. The ram member 30 further defines an
outer surface 46, while the helmet member 32 defines an outer
surface 48. First and second seals 50 and 52 arc arranged in
first and second gaps 54 and 56 between an inner surface 46
of the housing member 34 and the outer surface 46 of the ram
member 30 and outer surface 48 of the helmet member 32,
respectively. When the seals 50 and 52 function properly.
fluid is substantially prevented from flowing out of the pre-
load chamber portion 40 through the gaps 54 and 56 under
certain conditions.

In particular. a vent port 60 is formed in the housing mem-
ber 34. The vent port 60 is arranged to allow exhaust gasses Lo
be expelled from the preload chamber portion 40 under cer-
tain conditions and to allow air to be drawn into the chamber
40 under other conditions. The vent port 60 thus defines a
preload position above which fluid can flow into and out of the
preload chamber portion 40 and below which the preload
chamber portion 40 is substantially scaled.

FIG. 1 illustrates a latch assembly 70 that moved up and
down as will generally be described below. The latch assem-
bly 70 represents an external lifting system that lifts the ram
member 30 from the lower position to the upper position. The
latch assembly 70 mechanically latches onto the ram member
30 during liling and releases from the ram member 30 when
the ram member reaches its upper position. The latch assem-
bly 70 and cxternal lifling system are well-known in the art
and will not be described herein in detail.

The drop hammer system 20 operates in a drive cycle that
will now be described with reference to FIG. 1. Relerring
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initially to FIG. 1A, the hammer system 20 is shown in a
preload state. In the preload state, the ram member 30 has
dropped past the vent port 60 such that the first seal 50
prevents uid Trom flowing out of the preload chamber por-
tion 40. The second seal 52 scals the opposite end of the
preload chamber portion 40 as gencrally deseribed above,
Accordingly. at this point the preload chamber portion 40 is
cffectively scaled. and continued dropping of the ram mem-
ber 30 compresses the Iuid within the preload chamber por-
tion 40. During this prefoad state, the helmet 32, 1he clamp
assembly 36. und the pile 22 are gruduatly Torced together by
the compressed Nuid in the pretoad chamber portion 40.

Referring now to FIG. 1B. 1he hammer system 20 is shown
in an impact state in which the lower surluce 42 of the ram
member 30 contacts the upper surface 44 of the helmet mem-
ber 32. In the impact state. the ram member 30 drives the
helmet member 32 towards the pile 22 relative to the housing
member 34 as shown by a comparison of FIGS. 1A and 1B.
The helmet member 32 thus drives the pile 22 downward
through the clamp assembly 36. In addition, the housing
member 34 will immediately full onto the helmet member 32,
thereby applying additional driving forces onto the pile mem-
ber 22,

After impact. the hetmet member 32 is raised to an upper

position as shown in FIG. 1C. As the helmet member 32 -

moves into the upper position, the lower end ol the ram
member 30 passes the vent port 60. As the ram member
continues on (o its upper position, ambient air is drawn into
the preload chamber portion 40 through the vent port 60,
thercby reducing resistance 1o continued upward movement
of the helmet member 32. As generally described above. the
ram member 32 is raised by the latch assembly 70, which isin
urn driven by an external combustion source in 2 manner
similar to that of a conventional drop hammer. In addition or
instead, a hydraulic actuator may be used to raise the laich
assembly 70 and ram member 32.

After the ram member 30 reaches the upper position as
shown in FIG. 1D, the latch assembly 70 releases and the ram
member 30 is allowed to drop again. The system 20 then
enters a free-fall state as shown in FIG. 1E. In the [ree-fall
state. the preload chamber portion 40 is not sealed. and air is
allowed to escape through the vent port 60, again reducing
resistance to downward movement of the ram member 32. As
the ram member 30 continues 1o drop. the first scal 50 on the
ram member 32 again passcs the vent port 60. which seals
preload chamber portion 40. Again, the system 20 enters the
preload state as described with reference to FIG. 1A, At this
point, and the drive cycle begins again.

Given the Toregoing general discussion of the invention,
certain aspects of the exemplary hammer system 20 will now
be described in further detail. The helmet member 32 com-
prises an inner portion 80 that lics within the preload chamber
portion 40, a connecting portion 82 that extends through a
helmet opening 84 formed in a bottom wall 86 of the housing
member 34. and an outer portion 88 that is connected to the
clamp assembly 36. The length of the connecting portion 82
(i.c., the distance between the inner portion 80 and outer
portion 88) defines the range of movement of the helmet
member 32 between the rest position and the impact position.
The second seal 52 is formed on the inner portion 80 of the
helmet member 32.

The theoretical benefits ol preloading the system by com-
pressing Huid prior (o impact will now be described with
reference to FIGS. 2-4. FIGS. 2. 3, and 4 plols computer
generaled models illustrating force versus time for various
diesel and drop hammer configurations.

1

f=4

.

9
“h

a0

hrd
w

40

50

55

60

65

4

HIG. 2 illustrates the dilTerence between a diesel hammer
and a conventional drop hammer. The plot of FIG. 2 assumes
the Tollowing conditions: 12" square concrete pile 400" in
length with a three-inch thick plywood pile cushion: the pile
was embedded 20 feet with a total soil resistance of 100 kips.
The 400" pile fength is not realistic but illustrates wave com-
pression at the upper end of the pile without the effects of
reflected waves. Trace 90a corresponds to the force record of
an American Piledriving Equipment D-19-32 diesel hammer,
while trace 924 corresponds (o a conventional drop hammer
ol similar geometry and weight under the same conditions.

The trace 90¢ illustrates that the force during the time
corresponding to a firsttime sccond Aa in FIG. 2 is the pile top
force caused by the diesel hammer pre-compression forcee. In
the first time sector Aa, the ram has moved past the exhaust
ports and is compressing the air in the combustion chamber
and therehy exerting a force on the pile. Impact occurs at first
time point Ple at the end of the first time sector Aa, The
impact exerts an impact force during a second time scctor Ba
between the first point Pla and a second time point P2a. This
sccond sector Ba represents the force at the top of the pile
from the time of impact to the time of ram separation. During
this sccond time sector Ba, pile penctration is induced by the
large force arising from ram impact. Somewhere around the
sccond time point P24, the ram has separated from the impact
block. A third time sector Ca begins at the second time point
P2a: the third time period corresponds to the period from ram
separation to the arrival of the reflection of the impact wave
back from the toe of the pile. The force during this time comes
from the combustion chamber pressure.

The force associated with the conventional drop hammer is
shown by the trace 924. The trace 92q illustrates that the
stroke is sel such that 1the same peak impact force was
obtained. The double humped force record in sector Ba asso-
ciated with impact is likely due 1o the dynamic interaction of
the ram, pile cushion, and helmet. While a similar effect is
associated with trace 90 in sector Ba, the effects of the
dynamic interaction of the ram, pile cushion, and helmet are
likely smoothed by the combustion chamber pressure. After
the impact as shown at Pla. the drop hammer force stays near
zero during the third time sector Ca.

The relatively slow decay of the induced force after the
impact event associaled with the diesel hammer trace 90a
provides a compression force that acts (o reduce the magni-
tude ol any reflected tension stresses. The downward travel-
ing compression wave associated with the trace 90a reduces
the reflected tension wave from the pile toe.

FIG. 3 illustrates a more realistic example using a conven-
tional diescl hammer sysiem to drive a pile having a length of
100" alt other conditions are also the same. As shown by trace
90h. the element with the largest tension stress was localed
about 30 feet from the top of the pile. The maximum tension
force at point 3 in FIG. 3 was 106 kips or 736 psi.

FIG. 4 conlains a trace 92c of a conventional drop hammer.
1Hustrated at point 1 on the trace 92¢ in FIG. 4 is element with
the largest tension stress. This element is about 30 feet from
the hottom ol the pile and represents a maximum tension
force of approximately 166 kips or 1.140 psi. The tension
force associated with the trace 92¢ is thus significantly larger
than that represented by the trace 90b.

Given the foregoing, the Applicants have concluded that
the operation of conventional drop hammer systems can he
improved by establishing a pre-load state prior to impact that
is generally similar to the compression state of a diesel ham-
mer. The Applicants believe that the preload state will streich
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out the compression foree in the stress wave and thereby
substantially reduce the possibility of teasion cracking and
damage in conerete piles.

The invention claimed is:

1. A drop hammer for driving a pile comprising:

a housing member delining a housing chamber and a vent
port arranged between the lower and upper positions,
where the vent port defines a preload position, and
allows ambient air to llow into and owt of the housing

chamber under predetermined conditions:
arigid ram member supported within the housing chamber
for movement relative to the housing member between
an upper position and a lower position:
a rigid helmet member supported by the housing member
for movement relative to the housing member between a
rest position and an impact position;
a first seal arranged to seal a gap between the ram member
and the housing member:
a second seal arranged (o seal a gap between the helmet
member and the housing member: and
a lifting assembly at least partly disposed within the hous-
ing chamber above the ram member: whereby
the ram member moves from the lower position to the
upper position and back to the lower position to defincan
operating cycle:
the lifting assembly engages and lifts the ram member from
the Jower position to the upper position once during cach
operating cycle:
when the lifting sysiem raises the ram member above the
preload position, ambient air flows into the housing
chamber:
the ram member free falls as the ram member moves from
the upper position to the preload position:
when the ram member falls below the preload position, the
first and sccond scals deline a preload chamber, where
the first and second seals seal the preload chamber such
that ambient air within the preload chamber portion of
the housing chamber compresses (o
apply a preload Torce on the inner portion of the helmet
member, and

oppose movement of the ram member towards the lower
position when the ram member is below the preload
position: and

when the ram member moves into the lower position. the
ram member directly and rigidly impacts the helmet
member to force the helmet member from the rest posi-
tion to the impact position. thereby driving the pile.

2. A drop hammer as recited in claim 1. in which the lirst
seal prevents ambient air from flowing through the vent port
when the ram member is below the preload position.

3. A drop hammer as recited in claim 1. in which:

the ram member defines a ram side wall:

the housing member defines a housing interior wall:

the first seal inhibits fluid flow between the ram side wall
and the housing interior wall.

4. A drop hammer as recited in claim 1, in which:

the impact of the ram member is transmitted to the pile
through the helmet member:

the helmet member extends through a helmet opening
formed in the housing member: and

the second scal inhibits fluid flow between the helmet
member and the housing member through the helmet
opening.

5. A drop hammer as reciled in claim 4. in which:

the ram member defines a ram side wall:

the housing member defines a housing interior wall;
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the first seal inhibits luid flow hetween the ram side wall
and the housing interior wall.
6. A drop hammer as recited in claim 1. Turther comprising

a clamp assembly For securing the helinet member to the pile.

7. A method of driving a pile comprising:

providing a housing member delining a housing chamber:

forming a vent port belween the lower and upper positions,
where the vent port defines a preload position. and
allows ambient air to flow into and out ol the housing

chamber under predctermined conditions:
supporting a rigid helmet member from the housing mem-
ber for movement relative to the housing member
between a rest position and an impact position:
supporting a rigid ram member within the housing cham-
ber Tor movement relative to the housing member
between an upper position and a lower position:
forming  first seal between the ram member and the hous-
ing member:
forming a second seal between the helmet member and the
housing member:
connecting the helmet member Lo the pile;
arranging al least a portion of a lifting assembly above the
ram member within the housing chamber;
operating the lifting assembly to engage the ram member
and raisc the ram member from the lower position into
the upper position todefine a first portion of an operating
cycle:
disengaging the lifting assembly from the ram member to
allow the ram member to fall [rom the upper position Lo
the lower position to define a sccond portion of the
operating cycle:
causing the ram member directly and rigidly to impact the
helmel member during the second portion of the oper-
ating cycle such that the ram member forces the helmet
member Trom the rest position to the impact position,
thereby driving the pile:
while the ram member is above a preload position, allow-
ing ambient air to flow out of a preload chamber portion
of the housing chamber defined by the housing member
such that the ram member free falls as the ram member
moves from the upper position to the preload position:
and
while the ram member is below the preload position. the
first and second seals seal a preload chamber portion of
the housing chamber, thereby substantially preventing
ambient air from flowing oul of the preload chamber
portion of the housing chamber, where ambient air
within the preload chamber portion of the housing
chamber compresses as the ram member moves from the
preload position to the lower position to
apply a preload force on the helmet member prior 1o
impact of the ram member on the helmet member. and

oppose movement of the ram member towards the lower
position when the ram member is below the preload
position.

8. A drop hammer for driving a pile comprising:

a housing member defining a housing chamber and a vent
port between the fower and upper positions;

a rigid ram member supported within the housing chamber
for movement relative to the housing member between
an upper position and a lower position: and

a rigid helmet member supported by the housing member
for movement relative Lo the housing member between a
rest position and an impact position:

a first seal arranged lo seal a gap between the ram member
and the housing member;
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4 second seal arranged to seal a gap between the helmet
member and the housing member: and

alifting assembly at least partly disposed within the hous-
ing chumber above the ram member: whereby

the ram member moves Irom the lower position to the
upper position and back to the lower position todefine an
operaling cycle:

the fifting assembly engages and lifts the ram member [from
the lower position to the upper position once during cach
operating cycle:

as the ram member falls from the upper position to a pre-
toad position defined by the vent port, ambient air exits
the housing chamber through the vent port:

the ram member free Talls as the ram member moves from
the upper position to the preload position:

5
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when the ram member falls below the preload position. the
first and sccond scals seal a prelosd chamber portion of
the housing chamber such that ambicnt air within the
preload chamber portion of the housing chamber below
the vent port compresses as the rim member moves into
the lower position to apply a pretoad force on the helmet
member, and
oppose movement ol the ram member towards the lower
position when the ram member is below the preload
position; and
when the ram member moves into the lower position, the
ram member directly and rigidly impacts the helmet
member to drive the pile.
9. A drop hammer as recited in claim 8. further comprising

15 aclamp assembly lor securing the helmet member to the pile.

* ok kR ok





