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1- Glaim,

The invention relates to-a method and means
for the installation of pipes and the-like" in’ the
ground wherein a pipe-receiving: bore is prowded
by and behind a head which is forced through

the ground to displace and laterally compact the

earth to provide the bore.

The general object of the invention is to pro-
vide an impreved and particularly effective ap-
paratus of the character described:

A more specific object is to provide a particu-
larly effective boring head for the apparstus:

Another object is to provide an improved driv-
ing means for boring heads of the present type.

A further object is to provide an improved
means for installing a flexible pipe or conduit in
a ground bore provided with the apparatus.

A further object is to provide an’ improved and
particularly effective thrust block for mounting
en a rod or pipe or the like for the application
therethrough of a longitudinal push or pull'effort
on the pipe.

Yet another object is to provide a particularly
simple and compagct device for gripping the for-
ward end of a pipe of copper or other relatively
soft. material for its pulling through an earth
bore.

An added object is to provide a pipe-installing
apparatus which is particularly adapted -and ar-
ranged for its pneumatic operation.

The invention possesses other objects and
features of advantage, some of which with the
foregoing will be set forth or be apparent in the
following description of typical embodiments
thereof, and in the accompanying drawings, in
which,

Figure 1 is'a fragmentary sectional elevation
showing an application of the present apparatus
to provide a bore for the return-pulling of a flex-
ible pipe therethrough.

Figure 2 is a sectional elevation illustrating the
manner of installing a flexible pipe in the bore.

. Figure 3 illustrates one manner of installing

a rigid pipe in a bore provided therefor.

Figure 4 is a fragmentary side view of ‘a bor-
ing head shown in Figure 1, portions of the frag-
ments being shown in axial section.

Figure 5 is a front end view of the head.

Figure 6 is a side elevation of an intermediate
element of the head.

Figures 7 and 8 and 9 are cross-sections taken
respectively at the lines T—7 and 8—8 and 9-—9
of Figure 6.

Figure 10 is a cross-section .taken.generally at
the line. {8-—10 in Figure 4.

Pigure 11 is ah enlarged side elévation of a
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mounted impact block assembly which is shown
in Flgures 1 to 3, portions of the structure being
shown in axial section.

Figure 12 is an end view of the block assembly
shown in Figure 11.

Figure 13 is an enlarged elevation showing a
means for attaching a flexible pipe to a pull rod
of the apparatus, as in Figure 2.

Figlire 14 is an axial section through the ar-
rangement of Figure 13, »

Figure 15 is a sectional elevation taken through
the ground end disclosing a meodification of the
apparatus utilizing this form of the boring head.

PFigure 16 is an enlarged elevation of the bor-
ing head shown in Figure 15,

Figure 17 is an axial section taken at §1—I{1
in Figure 16.

Figure 18 is'an enlarged elevation of a: pneu-
matieally operated device for maintaining pres-
sure behind the boring head of Figures 15 to 17.

Figure 19°is a cross-section.-at i19—I19"in Fig-
ure:16,

The present-device is particularly designed:for
a- sb-surface installation’ of smaller pipes:such
as surface pipes for water and gas, and a bore
for the installation:of such pipes is provided by
pushing a boring head through the ground:from
one opening' to another. As'a boring head of my
invention is pushed through the ground, it is ar-
ranged to displace the ground laterally of its
tapered  working portion- to: compress tlhe earth
about ‘the bore provided; in. this manner, no
earth need be removed’ ard. the compacted bore
wall§ frequently’ stay in-that: condition while a
pipe-is being moved 'through the bore. It is to
be  understood, therefore; that the expression
“boring head” as' herein. used applies to a.dis-
placement head as well'as to a drilling hedad.

As shown in Figures 1 and: 2,-the: present ap-
paratus is applied'in installing a-flexible pipe 21
of copper alloy or the'like to ekxtend’ between
ground holes- or openings 22" and 23. For pro-
viding ' a pipe-receiving bore 24, a boring head
25 is mounted' at the end'of a push rod 26 by
which - the: head is- pushed through the: ground
from the-‘opening 23 to the opening 22. The rod

.26 is'preferably made in mutually detachable sec-
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tions, and the width of the'hole 23'in the direc-
tion of driving of the rod 26 need be but little
greater than the length of a rod section; it will
be understood that as the head and rod: move
through the ground for the length of each added
section, another rod'section may be added; the

_process: being reversed when the rod' is: with-

drawn. The'necessary-force for driving the head
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through the ground is applied to the rod por-
tion which extends in the hole 23, the applica-
tion of such force being made through a push
block 21 which is arranged for mounting on the
free rod extremity in the hole 23 and may be
readily shifted to a successive rod section.

The driving force against the block 27 may be
variously supplied, as by a jack or a hammer.
Particularly in harder ground which permits the
driving of a boring head and its push-rod there-
through, the use of a jack or a sledge hammer
to impel the assembly may not be entirely satis-
factory, and I prefer to utilize a pneumatic ham-
mer 28 for the purpose. As shown in Figure 1,
the hammer 28 is of a type which is provided

with a handle 28 at one side for its hand support.

to apply its reciprocable working head 3% against
the block 27 for applying hammer blows to the
rod in rapid succession, the hammer receiving
compressed air for its actuation through a
hose 31.

It will now be noted that for installing the flex-
ible pipe 2, said pipe may be drawn into the com-
pleted hore 24 by attaching its end to the for-
ward end of the rod 28 extending into the ground
opening 22, by means of a suitable coupling 32,
whereby the rod 28 now becomes a pull rod.
Since the pipe 21 is to be drawn through the
completed bore 24 as the rod 26 is withdrawn
therethrough, the rod movement may ustally be
considerably faster than when the bore was be-
ing provided. T therefore prefer to use a me-
chanical jack 32 or some cther device which
may be operated to withdraw the rod at a faster

rate than the pneumatic hammer could do it,.

the block assembly 27 being reversed on the rod.

Particularly in soil lacking in cohesive prop-
erties, I provide for the installation of the head
25 in reverse position between the pipe coupling
32 and the rod, the appropriate structural provi-
sion for this being hereinafter brought out.
The rod 26 is preferably slightly smaller than
the bore 24 provided by the head 25, and the
use of the head 25 as a pilot for the pipe being

introduced into the bore is designed to insure:

a ready movement of the forward pipe end
through the bore by reason of the action of the
head to restore and/or maintain the compacted
condition of the bore wall ahead of the pipe. It

is to be particularly noted that the present -

method of compacting the earth to provide a
pipe-receiving hore insures against ground cavi-
ties along the pipe, since the compacted earth
will subsequently expand to close the bore about

the pipe and so not weaken the support of the .

ground above it, as may occur if the digplaced
earth has been removed as in providing a pipe-
receiving bore by drilling.

In Figure 3 I have illustrated the installation

of a straight and inflexible pipe 21’ in a bore 24"

provided between ground openings 22’ and 23,
Tn this case, a diametrically larger head 25’ is
shown in use for installing the pipe 21’ than
was used in providing the bore 247, this device,
in effect, providing the pipe-receiving bore ‘in
two stages rather than initially providing it at
full required size, as might be difficult for larger
pipes or in hard-packed soil, and being utilized
with flexible pipes as well. o
Referring now to Figures 4 to-10, it will be
noted that the boring head 25 comprises a ta-
pered nose portion 34, an intermediate portion
35 provided with a spiral external thread 37 and
a rear portion 36; for reasons which will herein-
after be brought ouf, the head portions 34 and
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35 and 38 are provided as separate elements for
a unitary assembly.

The exterior spiral thread 37 of the section 35
preferably has & pitch which is uniform from its
forward end to an intermediate point from which
it progressively decreases toward its rear end,
this section and the nose section 34 being ar-
ranged to rotate together as the head progresses
through the earth. The section 35 is particu-
larly shown as if formed by torsionally twisting
a bar of triangular cross-section with its edges
providing the three threads 371 having their sides
making an angle of one hundred twenty degrees
with each other, said edges being ground off in

5 planes substantially tangent to the oufline eyl-

_ inder of the head.
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As particularly shown, the nose section 24 has
its point shaped somewhat as a star-drill, and
at its rear end is provided with a threaded axial
extension 38 for engagement in a complemen-
tarily threaded axial socket at the forward end
of the section 35, a set screw 39 being operative
in the section 35 against the mounted extension
38 of the nose section 34 for releasably locking
said sections together. In this manner, nose
piece sections 34 of various designs may be pro-
vided and utilized for work in different earth
compositions and formations.

A swivel connection is provided between the
head sections 35 and 35. As particularly illus-
trated, the element 36 is provided with an inter-
mediately stepped axial bore 4i, having larger
and smaller portions 42 and 43 extending from
a shoulder 44. The bore portion 42 extends from

5 the rear end of the section 36, and the bore por-

tion 43 rotatably receives a swivel pin 45 there-
through to extend forwardly from the section 36.
A forward end portion 45 of the swivel pin 45 is
reduced and threaded for its limiting engage-
ment as a stud bolt in a complementarily
threaded socket provided in the opposed end of
the section 35. A set screw 48 is preferably
mounted in the section 35 to engage the pin por-
tion 46 for fixing the swivel pin to the section.
The rearward end portion of the pin 45 is exter-
nally threaded to mount a swivel head member
49 opposite the shoulder 44, whereby to secure
the section 36 to the section 35 in swivelled rela-
tion. As shown, the member 49 comprises &
nut, and is fixed in place on the pin after it has
been installed.

Thrust bearings are provided between the for-
ward end section 36 and the opposed end of the
section 385; as shown, bearing rings 52 of any
suitable composition and form are engaged
about the pin 45 to provide an anti-friction bear-
ing between the opposed ends of the connected
sections. In the present structure, the rings 52
have the same external diameter as the adjacent
cylindric portion of the section 36, and are en-
closed in a guard sleeve 53 which extends rear-
wardly and integrally from a centrally perfo-
rated disc 54 which is mounted between the
rings 52 and the opposed end of the section 35.
As shown, the disc 54 is locked between the rear
and sides of the section 35.and the shoulder at
the base of the threaded portion 46 of the swivel
pin whereby the sleeve comprises part of the sec-
tion 35. ‘

It will be understoed that the described swivel
connection between the head sections 35 and 36
provides for a rotation of the sections 34 and 35
together as the head is pushed through the
ground, such rotation being caused by the action

of the threads 31 in the bore being provided.
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When the head is pushed or pulled forwardly
through the ground, as in-Figure 1;.the bearing
rings 52 transmit the effort between the por-
tions 35 and 86. If the head is to be backed out
of the bore, the effort will:be transmitted from
the section 36 to.the section: 35 at the bearing
provided between the shoulder 44 and the swivel
pin head 49. .

In the use of the head 25, it will generally
be preferable that the head portion 36 and rod
26' do-not rotate in the bore provided- by the
head: While friction may generally be depend-
ed on to prevent such a rotation, the portion 36
is. preferably provided with a series of radial fins
85 extending axially of the portion for like dis>
tances therefrom. The fins 55, together with
the “relatively long and narrow head structure
are of material aid in guiding and directing the
boring head in a straight line in which it is orig-
inally started.

A member 58 is threadedly engaged in- the
outed end of the bore portion 42 in the section
36 beyond the member 58, and is provided with
a threaded axial bore 57 having the same size
and thread pitch as the nose-mounting sockets
at the forward end of the section 35. It will:now
be noted that the rod sections are each provided
with threaded studs at one end and complemen-
tary sockets at the other, and that said studs are
arranged for threaded engagement in the bore
57 or engagement in the threaded socket in the
forward end of the portion 35; in this manner
the head may be secured to a push rod 26 in the
relations shown in Figures 1 and.2-respectively,
it being understood that the nose-section 34
would not be used in drawing a pipe through a
previously provided bore therefor.

Referring to the spirally threaded head section
35, it will bz noted that the forward portion of
its thread will effect ifs threaded: and rotative
engagement in g bore being formed by the for-
ward progress of the head, and that the rear-
ward threaded portion of decreasing pitch will
operate to wedgedly smooth the bore sides so
that the bore is truly cylindrical: behind said sec-
tion. As the head advances in the bore, the fins
55, which have tapered front end portions wedged=
1y provide longitudinal grocves or flutes along
the bore sides. It will thus be understood.: that
the bore 24 is provided entirely by a: compres-
sion cf the displaced material laterally thereof,
and that the bore will thereafter tend to con-
tract about an installed pipe.

The push block 27 through which a:longitudi-
nal pushing or pulling fcrce may he exerted on
the rod 28, must be of such a structure that
it grips an engaged rcd section against its lon-
gitudinal movement therealong. By particular
reference to Figures 11 and 12, it will be noted
that the present member 27 essentially comprises
a pair of V-blocks 84 and 62 having pipe-grip-
ping faces 63 and &4 respectively which are pro-
vided with teeth 65 extending circumferentially
of a rod which they are to engage. The blocks
61 and §2 are conhected by a U-bolt €6 which
engages across the outer face of the block. 61
at a bearing socket provided therefor, and has its
legs straddling the bleck 61 and engaged freely
through lateral ears 6% of the block 62, the ex-
tremities of said legs being threaded to mount
wing nuts 68 upon the ears §7.

For installing the assembly 27, the blocks 6l
and 62 are placed against opposite sides-of the
rod portion with the plane of the U-bolt 65 sub-
stantially. perpendicular to the-rod.axis, and. the

20

25

30

40

50

b5

60

85

70

78

3

nuts 68 are applied and screwed up on the bolt
legs until' moderately tight. If, now, either block
is urged axially of the rod, a movement thereof
relative to the other block will tend to swing the
U-bolt 68 away from a perpendicular relation to
the rod and so force the teeth 55 of both blocks
into the rod by shortening the effective distance
between the blocks: The aforesaid action:is illus-
trated in Figure 11 by a dotted line showing of
the block €1 and the U-bolt in original positions
before the force is applied to an end 63 of the
block 6f. The block end 89 comprises a flat
working face against which impact and/or pres~
sure are to be applied for locking the assembly
271 to the rod. and thereafier effecting its longi-
tudinal movement,

The teeth 65 for the block &1 comprise con-
tinuous ridges extending across the angularly re-
lated working faces of the block, and are pref-
erably provided by a removable facing member
171 which fits within the block V groove. The
teeth of the member i slope forwardly with
respect to the locking and driving movement for
the block 6!, and a stop ridge 72 is provided at
the rear end of the block groove for engaging
the rear end of the member, the member being
removable and replaceable. The teeth 85 for the
block 62 are provided on the inner face of a fac-
ing member 73 which is welded or otherwise se-
cured in the V groove of its block. The facing
members 71 and 73 may be conveniently shaped
of pieces of highly tempered files to insure a
greater hardness for their teeth €8.than that of
the rod or pipe to be gripped, this type of fac-

5 ing member being particularly iliustrated.

For loosening the push block. unit 27 on the
rod 2§, it is merely necessary to move the block
€1 back on the bloek 82 to dispose the U-bolt
%6 more nearly perpendicular to the rod  axis.
When the block is loosened it may be slid along
the pipe, or the wing nuts 68 may be removed
if complete disassembly is desired. When, as at
present, the rod 26. is formed without enlarge-
ments at the section joints, the loosened block
may be slid along from section to section as the
rod is increased or decreased in length.

Recalling the general softness of copper and
lead alloy tubes or pipes which are frequently
installed in the ground in lieu of iron pipes be-
cause of their resistance to corrosion and very
much longer life, means are provided for grip-~
ping an end of such tubing for longitudinally
pulling: it through an only slightly larger bore
in the earth. The flexible pipe 2i of Pigures 1
and 2 is shown as provided on a spool 75 from
which it may be unrolled as it is pulled through
a bore 24. In general ferms, the coupling 32
comprises a device which is expended within the
leading pipe end portion to taper and back the
same within and behind a ring or sleeve 7§ in
an arrangement in which the expanding device
is attached to the rod 25 for pulling the pipe.

As particularly brought out in Figure 14, an
initially one-piece cylindrical block of uniform
cross-section is: provided with a stepped axial
bore having its smaller bore portion tapered from
its inner end and provided with threads with
a uniform pitch, the larger and unthreaded bore
portion 78 being of uniform cross-section and
having a greater diameter than the thread base
diameter of the bore portion 18. The original
diameter of the block is slightly less than the
normal bore diameter for the pipe 28, and the
sides of the block may be provided with facing
members. 18 of brass or other moderately soft
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material. At the end thereof from which the
bore portion 18 extends, a relatively short block
portion is externally threaded for engagement in
a complementarily threaded counterbore provided
at one end of a ring member 88 which has an
external diameter approximating that of the pipe
and is slidable in the sleeve 16. The block formed
as described is longitudinally split to provide
complementary section 8!, and said block may
be unitarily referred to as an expansion block
81—8lI.

With the block sections 8! held together in
mutual opposition, they are arranged to be
threadedly engaged in the counterbore of the
ring 80 and inserted in the pipe end with the
threaded end of the ring 88 close to or adjacent
the pipe extremity. With the expansion block
81—81 installed as described, the point of a lag
bolt 82 is inserted through the ring 80 and bore
portion 78 for engaging the threaded bore por-
tion 77 and having the same thread form and
pitch as provideq in the latter bore portion is
screwed into said portion. The effect of screwing
the lag bolt 82 into the expansion block 8i—8!

is to angularly separate the sections 81 about ,

their mutual anchorage in the ring 80 to stretch
the pipe within and beyond the sleeve T8 which
has been mounted on the pipe end to extend for
substantially half of the length of the block
81—=8I. 1In this manner, the screwing-in of the
bolt 82 may spread the pipe behind the sleeve
16 as may be required to firmly and wedgedly
grip the pipe between the block sections 8t and
the sleeve 18, particularly at the rear end of the
latter.

A bearing ring 83 encircles the shank of the
bolt 82 between its head 82’ and inturned flange
84’ of a coupling sleeve 84 which freely receives
the bolt head 82’ for its turning therein as by
a socket wrench (not shown), the other end of
the sleeve 64 being arranged to threadedly re-
ceive a connector block 85 which has a threaded
extension 85’ for connection with the rear noz-
zle member 36 as shown in Figure 2, or for use
in direct connection with the rod 26. The ar-
rangement is understood to provide for the re-
quired gripping of a pipe 21 in a positive manner
and by a means which is no larger than the bore
into which the pipe is arranged to be drawn. A
further feature is the swivel connection provided
between the bolt head 82’ and the flange 84’ of
the coupling sleeve 84, except when a bolt is
serewed into a limiting degree to positively clamp
the bearing ring 83 between the head and ﬁange.

In the embodiment of the invention shown In
Figures 15-19, a boring head 88 is provided fo.r
driving through the ground, as between holes 81
and 88, by means of a pneumatic hammer 8%
mounted within it. The hammer 88 has its body
91 slidably and rotatably engaged within a com-
plementary bore 92 provided in the head 86. The
head 86 has a tapered nose portion and is provided
on its exterior with spiral threads 3 which have
a uniform piteh at the forward portion of the head
and a progressively decreasing pitch for the bal-
ance of their length. The action of the threads
83 as the head 86 is pushed forwardiy to provide a
bore is similar to that of the head 25 of the previ-
ously described embodiment. At its closed for-
ward end, the cavity 92 of the boring head is more
or less reduced and provides a seat for impact
discs 94 of fiber, leather, or the like against which
the working head 85 of the hammer 88 is arranged
to strike.

The pneumatic hammer 88 is of a usual type of
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structure and includes a piston 8§ repetitively
operative within a cylinder 97 under the influence
of compressed air to strike a rod 88 which carries
the head 85 and is freely slidable and rotatable in
an axial guide bore provided at the head end of
the cylinder 91. It will be understood that the
position of the piston controls the valves of the
hammer through which the operating air is sup-
plied to the cylinder. The maximum working
stroke for the hammer head would be as required
for driving the boring head, and the hammer is
fixed to the forward end of a pipe 98, which pipe
is arranged to supply the operating air to the
hammer and also function as a push or pull rod
therefor.

The pipe 99 is connected to the hammer 89 at a
reduced and tubular rear extension 101 of its body
91 which has a radial flange 102 at said extremity.
A screw 103 or the like is mounted at a rear point
of the rotary boring head 85 and extends into the
space between the body 9! and the flange 102 as a
stop means to provide for a withdrawing of the
boring head with the hammer, while permitting
the operation of the hammer within the boring
head to drive the same. It will be understood
that the necessary swivel connection between the
rotary boring head 86 and the push pipe 99 is pro-
vided by the rotative engagement of the impact
rod 98 of the hammer 89 in the forward cylinder
end.

Means are provided for constantly urging a for-
ward movement of the hammer and boring head,
said means being pneumatic. As particularly
illustrated in Figures 15 and 18, the rear end of
the pipe 98 threadedly mounts a thrust block 104
which is provided with a seat socket 105 in the
axial line of the pipe and a duct (06 for connect-
ing the pipe passage with a hose 107 suitably con-
nected to the block at a coupling 108.

A pneumatic jack 189 is mounted in the hole 81
with its piston rod 118 extended in the axial line
of the pipe 99 and seated in the socket 105 of the
block 104, the rear end of the jack being seated
against the opposite side of the hole 81 or other-
wise held. Compressed air is supplied to the rear
end of the jack cylinder |11 behind the piston 112
through a pipe 1t3 having a relief valve 114 for
manual opening interposed therein. The hose
107 and the pipe 113 are arranged to receive com-
pressed air for operating the hammer and jack
respectively through a normally closed air dis-
tributing valve 115 which receives air through a
hose {16 which is connected with a suitable source
(not shown) of compressed air.

As shown, the distributing valve (15 is conven-
iently mounted on the jack i09 and is provided
with a handle extension {17 at the free end of
which the hose 116 is connected. A valve control
lever 118 extends opposite the handle {71 whereby
an operator gripping the handle may rock the
lever to open the valve and simultaneously effect
the operation of the hammer and jack, under the
same air pressure. When a full working stroke of
the jack piston [12 has been completed, the relief
valve 114 is opened to permit a return of the piston
112 and its rod 110 to their starting positions, and
a new section is inserted in the pipe 89 at the
thrust block. The closing of the valve {14 and
the opening of the valve {5 then permits the
driving-of the boring head 86 for the length of the
inserted pipe section.

While it will not generally be necessary to with-
draw the head 86 through the bore provided by it,
this may be accomplished by hand or by reversing
the pneumatic jack 109 to act against the installed



2,349,083

pipe 98; in the latter case the push biock assembly
21 might be utilized on the pipe in using the pneu-
matic jack 189 or a mechanical jack 33 to with-
draw the pipe and the boring head assembly.

Prom the foregoing description taken in con-
nection with the accompanying drawings, the
advantages of the construction and operation of
the present device will be readily understood by
those skilled in the art to which this invention
appertains. While I have described the features
and principles of operation of apparatus which I
now consider to comprise preferred embodiments
of my invention, I desire to have it understood
that the showing is primarily illustrative, and
that such changes may be made, when desired, as
fall within the scope of the following claim.

5

What I claim is:

A ground-piercing apparatus comprising g bor-
ing head for axial propulsion through the earih to
provide a bore by earth displacement laterally

5 thereof, and a helical thread on said head having

10

18

a forward portion of uniform pitch and a rear-
ward portion- of progressively changing pitch
whereby said forward thread portion is threadedly
engageable with the engaged earth to effect a
rotation of said head and the rear poriion is pro-
gressively operative to smooth the bore thereat by
reason of the propulsion of the head through the
earth. : ’
NATHANIEL R. ELLIOTT.




