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positions a replacement pipe of the same dimension or larger dimension in place of the existing pipeline. A
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SPECIFICATION

Method and apparatus for replacmg buried
pipe

FIELD OF THE INVENTION

This invention relates generally to a method
and apparatus for replacement of buried pipe
and more specifically concerns a method for
in situ fracturing of existing buried pipe and
for replacing the buried pipe with a replace-
ment pipe of the same or larger internal dia-
meter as compared to the buried pipe being
replaced. Even more specifically, the present
invention relates to apparatus that may be
pushed, pulled or both pushed and pulled
through existing buried pipe and which causes
the buried pipe to be fractured and forces the
resulting pipe fragments radially outwardly into
the surrounding earth. Simultaneously, the
apparatus moves a replacement pipe into the
void or passage remaining as the buried pipe
is traversed by a combination pipe fracturing,
expansion and replacement pipe Iaylng man-
drel of the apparatus.

BACKGROUND OF THE INVENTION

Although the present invention is related to
pipe replacement in general, for purposes of
simplicity, the invention is discussed herein
particularly as it applies to replacement of
conventional sewer pipe which is employed in
typical municipal environments. Typically,
sewer pipe is composed of interconnected
joints of pipe composed of concrete, clay tile
or metal, including cast iron, steel or ductile
iron. Sections of utility pipe are typically pro-
vided with enlarged bells at one end and a
straight joining portion at the opposite end.
Sections of utility pipe are placed in end-to-
end relation with the straight portions thereof
entering the enlarged bell of the adjacent pipe
section. In the past, it has been considered
unnecessary to establish absolutely sealed
joints when utility pipes are laid. Thus, a small
amount of leakage is typical. Moreover, utility
pipes such as sewer pipes are seldom main-
tained under any pressure and therefore leak-
age is restricted only to a small amount of
seepage at the pipe connections.

It has been found that utility pipes become
deteriorated after having been buried for sev-
eral years. It is now known that sewer gases
cause deterioration of concrete material and
also have an adverse effect on clay tile.ma-
terial and metal pipes. Upon deterioration of
the pipe materials, the pipes can become frac-
tured due to shifting or settling of the earth
and in some cases the joints are pulled apart
thereby allowmg substantial leakage to occur
at the pipe joints. It is desirable therefore to
provide means for accomplishing replacement
of utility pipes and to thereby restore the util-
ity piping system to substantially new condi-
tion.
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In many cases, the utility piping system of a
municipality may have been initially established
with relatively small diameter utility pipes. Ad-
ditional fluid flow capacity may now be de-
sired, such as to accommodate increased
water usage or to provide for conversion of
residential municipal areas to a large capacity
commercial environment such as when large
bu:ldmg structures or other commercialization
is developed. To provide the additional flow
capacity needed for commercial sewer sys-
tems, it is frequently necessary to replace the
entire piping system with larger pipe or to
install pipes in parallel relation to existing
sewer systems. In such case, excavation is
usually required. Sections of utility pipe are
often located under roadways, sidewalks and
other surface structures. Typical utility pipe re-
placement requires trenching to expose the
pipe to be replaced which consequently re-
quires replacement or renovation of sections
of roadway, sidewalks, etc. It is desirable
therefore to provide a system for replacement
of utility pipes wherein surface utilities remain
relatively undisturbed. In circumstances where
higher volume liquid flow is required, it is de-
sirable to provide for sewer line rehabilitation
where the replacement pipe may have an in-
ternal diameter exceeding that of the pipe be-
ing replaced.

Another disadvantage of conventional muni-
cipal utility systems is that the various pipe
sections there employed interfere with efficient
flow of liquid. Each of the joints of the utility
pipe in many cases constitute voids for de-
posit of sediment and create turbulence that
inteferes with efficient fluid flow. It is there-
fore desirable to provide a system for utility
pipe replacement wherein the insidé surface of
the replacement pipe will be substantially free
from surface discontinuities such as typically
occur in jointed utility pipe.

It has also been determined that leakage of
sewage including liquid and gaseous materials
into the surface earth formation can constitute
severe health hazards such as pollution of sur-
face water and shallow underground water.
Leaked sewer gases can penetrate through the
surface soil and collect in the residences and
building structure to such extent that a health
hazard becomes present. It is also desirable to
provide a utility pipe replacement system
wherein leak free replacement pipe is installed.

THE PRIOR ART

Utility line rehabilitation has long been a
problem for municipalities. When a sewer line
is in need of replacement or repair to prevent
leakage of gas and liquid constituents, one
convenient method for in-place type rehabilita-
tion has been a process typically known as
“slip lining”". Slip lining is typically accom-
plished simply by pushing or puliing a plastic
pipe through an existing sewer line. In the
event the sewer line is fractured or deviates
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from its normal grade, slip lining becomes a utility pipe rehabilitation wherein pipe rehabili-
difficult task. Further, since plastic pipe is in- tation is achieved with minimum labor and low
serted into existing sewer line, the logical con- cost. . _ ’ .
sequence is a reduction in the inside diameter Other and further objects, adavantages and

5 of the pipe. Under circumstances where ex- 70 features of the present invention will become
pansion of sewer line capacity is desired, the apparent to one skilled in the art upon con-
process of slip lining is ineffective. Apparatus sideration of this entire disclosure. The form
for slip lining type pipe rehabilitation is dis- of the invention which will now be described
closed in a brochure relating to polyethylene in detail illustrates the general principles of the

10 pipe manufactured by Nipak, Inc., P. 0. Box 75 invention, but it is to be understood that this
2820, Dallas, Texas 75221. detailed description is not to be taken as limit-

A number of mechanisms have been pa- ing the scope of the present invention.
tented for line rehabilitation and new line in- Briefly, the novel aspects of the present in-
stallation. U.S. Patents 4,020,641 and vention are achieved by means of a jacking,

15 4,024,721 disclose a method of laying small 80 boring and pipe replacement operation that
diameter pipes wherein a pipe passage is occurs all in a single, integral process. To ac-
formed by a pilot head followed by a multi- complish utility line rehabilitation, all sewer
stage head. U.S. Patent 4,322,180 discloses services are located and excavated. A pit is
pipe laying by an advancing jack arrangement dug so that a boring and jacking machine can

20 that forces pipe through the earth formation. 85 be positioned at to the flow line grade of the
Fipes are also installed by pushing them existing sewer line. An expanding head is at-
through the earth as set forth in U.S. Patents tached to 4”drill pipe (similar to pipe utilized in
4,297,055; 3,881,558; 4,124,082; and oil drilling operations}. The drill pipe carries all
3,874,463. In some cases, a pilot hole is of the load developed during jacking oper-

25 formed and expansion means is extended 90 ations. Attached to the rear of the expanding
through the pilot hole to extend it to desirable head is a replacement pipe, which is typically
size. U.S. Patents 3,482,641 and 4,249,620 formed of plastic material and is 1-1/4” smal-
exemplify such apparatus. Pipes are extended ler than the expanding head. The replacement
under or natural or manmade surface struc- pipe is mounted on a swivel secured to- the

30 tures such as rivers, road beds, etc., as 95 expanding head and does not rotate but
shown by U.S. Patents 3,132,701; merely moves linearly as the expanding head
3,656,663; and 4,319,648. Other patents of is both rotated and moved linearly through the
general interest are U.S. Patent 3,529,682; existing pipe. For efficiency of operations, the
4,006,521; and 4,117,895. drill pipe and replacement pipe is provided in

35 100 long sections (for example, 20’-sections) to
SUMMARY OF THE INVENTION thus minimize labor requirements as the re-

It is a primary feature of the present inven- placement pipe is installed.
tion to provide a novel method and apparatus An engine-powered hydraulic jacking ma-
for sewer pipe rehabilitation wherein existing chine is employed which rotates the expanding

40 sewer pipe is fractured and expanded, thereby 105 head while simultaneously moving it linearly
permitting its replacement by means of a pipe through the existing sewer pipe. As the ex-
having a larger internal diameter than that of panding head is thus moved linearly and rota-
the pipe being replaced. tably through the sewer pipe, the material

It is another feature of this invention to pro- from which the sewer pipe is composed is

45 vide a novel method and apparatus for pipel- 110 fractured and the fragments are forced radially
ine rehabilitation wherein pipe fracturing and outwardly into the surrounding earth thereby
replacement occurs in a single pass as appara- forming a passage which is of larger dimen-
tus traverses the line being replaced. sion than the internal dimension of the sewer

It is an even further feature of this invention pipe being replaced. This pipe fracturing and

50 to provide a novel method and apparatus for 115 expansion activity forms a compacted earth
pipeline rehabilitation wherein line replacement - arch around the replacement pipe thereby pro-
operations may occur under road beds, side- viding protection for the replacement pipe.
walks and other surface structures without The jacking machine is mounted on a track
damaging them in any way. that is located in the pit in generally paraliel

bb It is also a feature of this-invention to pro- 120 relation with the grade of the existing pipe.
vide a novel method and apparatus for pipel- The track forms a plurality of spaced anchor
ine rehabilitation wherein apparatus for pipe abutments which receive anchor devices that
replacement may be pushed, pulled or both are extendable from a pusher block of the
pushed and pulled through the existing pipe jacking machine. The jacking machine is

60 by single pass activities, thus resulting in loca- 125 capable of being anchored at various positions
tion of long lengths of smooth bore pipe in along the length of the track by the anchor
place of utility pipe making up the line being means and functions to force the expanding
rehabilitated. head through the pipe being replaced by sev-

It is an even further feature of this invention eral increments of jacking movement. The
65 to provide a novel method and apparatus for 130 cooperative relationship of the jacking machine
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and the track on which is moves enables long
lengths of pipe to be inserted through the
existing pipe by several short increments of
jacking movement. After a pipe has been fully
inserted, the jacking machine is released from
the track, moved rearwardly to the initial jack-
ing position thereof and new joints of drill
pipe and replacement pipe are attached to
again facilitate further jacking operations. In
this manner, long lengths, up to 400’, of re-
placement pipe may be installed depending
upon the characteristics of the soil in which
the line being rehabilitated is buried. Depend-
ing upon soil conditions and the presence of
obstacles in the line, there is a possibility of
sewer line rehabilitation on the order of 100’
per hour through the use of the method and
apparatus of this invention.

As mentioned above, the expanding head
may be forced through the earth formation by
pushing operations, pulling or by both pushing
and pulling. It is convenient to provide a swi-
vel at the leading portion of the expanding
head to which a towing cable may be at-
tached. A towing cable may be connected to
the power apparatus of a winch truck to thus
apply a pulling force on the expanding head as
it traverses the pipe being rehabilitated. This
pulling force may be provided simply for the
purpose of guiding the expanding head
through the existing pipe so that the replace-
ment pipe is located at accurate grade ‘with
respect to the existing pipe. The towing force
thereby provides a guiding function to prevent
the expanding head from ‘deviating from the
proper grade or direction as it traverses the
existing pipe.

After replacement line installation has been
completed in one direction, the jacking ma-
chine may be reversed on the track to thereby
accomplish line rehabilitation in the opposite
direction. Thus, extremely long lengths of re-
placement pipe may be installed from a single
excavated pit. This feature also minimizes la-
bor and expense during pipe line rehabilitation.

Various existing line materials, such as con-
crete, clay tile and cast iron, may be replaced
in accordance with the principles set forth
herein. In fact, any pipe material may be effec-
tively replaced so long as the material is
capable of being fractured by the expanding
head as it traverses the line being replaced.
There is no need to clear the pipe line ease-
ment of fences, trees and other surface fea-
tures that have been located there during the
span of years. In application, where well-point-
ing and trench support is necessary for re-
placement, the expense is held to a minimum
with only points of excavation needed for this
work. Where the lines are under pavement,
the cost of line rehabilitation will be main-
tained at a minimum since the surface features
will not be disturbed.

The apparatus of this invention is also
capable of injecting pipe stabilizing material,
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such as driling mud, into the earth formation
as the rehabilitated pipe is fractured and ex-
panded. This feature further permits the devel-
opment of an earth and pipe fragment arch
that provides protection for the replacement
pipe being installed.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above re-
cited features, advantages and objects of the
present invention re attained and can be un-
derstood in detail, more particular description
of the invention briefly summarized above,
may be had by reference to the embodiments
thereof which are illustrated in the appended
drawings, which drawings form a part of this
specification. It is to be noted, however, that
the appended drawings illustrate only typical
embodiments of the invention and are there-

‘fore not to be considered limiting of its

scope, for the invention may admit to other
equally effective embodiments.

In the Drawings:

The present invention both as to its organi-
zation and manner of operation together with
further objects and advantages thereof, may
best be understood by way of illustration and
example of certain embodiments when taken
in conjunction with the accompanying draw-
ings in which:

Fig. 1 is a sectional view of a utility pipe
system buried in the earth’s surface and illus-
trating a mechanism constructed in accordance
with the present invention for replacing the
utility pipe with a replacement pipe of larger
dimension.

Fig. 2 is a sectional view similar to that of
Fig. 1 illustrating disconnection of the jacking
machine from the drill pipe and movement of
the jacking machine to the rear of its track to
permit connection of an additional joint of dfrill
pipe for continuing pipe replacement oper-
ations.

Fig. 3 is a sectional view of a pipe fractur-
ing and replacement mandrel constructed in
accordance with the present invention.

Fig. 4 is a sectional view similar to that of
Fig. 3 and showing movement of the drill pipe
in a reverse direction while maintaining the ro-
tational driving connection thereof with the
mandrel.

Fig. 5 is a sectional view of a line expand-
ing mandrel constructed in accordance ‘with
the present invention and representing a modi-
fied embodiment of this invention wherein soil
stabilizing liquid is injected through the man-
drel into the soil during line expansion oper-
ations to thus stabilize the soil about the re-
placement pipe.

Fig. 6 is a transverse sectional view taken
along line 6-6 of Fig. 5.

Fig. 7 is a bottom view of the jacking ma-
chine support track taken along line 7-7 of
Fig. 1.
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Fig. 8 is a sectional view of the jacking
machine support track taken along line 8-8 of
Fig. 1. :

Fig. 9 is a sectional view of a portion of the
earth’s surface illustrating a conventional utility
line in place and further illustrating a line ex-
pansion and replacement system constructed
in accordance with the present invention and
representing a further modified embodiment of
this invention wherein the line being replaced
is expanded by a mandrel system solely

through application of a pulling force.

Fig. 10 is a sectional view illustrating the
structural details of the line expansion and re-
placement mandrel of Fig. 9 and further illus-
trating a system for injecting soil stabilizing
liquid such as drilling fluid into the earth for-
mation surrounding the line being replaced.

DETAILED DESCRIPTION OF PREFERRED EM-
BODIMENT

Referring now to the drawings and first to
Figs. 1 and 2, a pictorial representation of the
earth’s upper surface is shown illustrating a

line replacement system generally at 10 which-

is operative to replace a conventional utility
line 12 with a replacement line 14 which may

. be of smaller, the same or of larger internal

dimension as compared to the dimension of
the line 12 being replaced. Moreover, the line
replacement system 10 is provided to accom-
plish line replacement without necessitating
excavation and removal of the line 12 being
replaced. In order to accomplish line replace-
ment, a pit is dug as shown at 16 and a
jacking machine support track shown generally
at 18 is installed at the bottom of the pit in
structurally secured relation to the earth 20.
As shown in the bottom view of Fig. 7, the
jacking machine support track comprises paral-
le! elongated structural members 22 and 24
having transverse braces 26 and 28 intercon-
necting the ends of the structural members.
The support track 18 may also incorporate a
plurality of intermediate structure members if
desired to enhance the structural integrity
thereof. As shown in Fig. 1, a plurality of
transverse support members 30 are located at
the bottom of the pit in order to support the
track 18 in substantially parallel relation with
the grade of the pipe 12 being replaced. Inter-
mediate abutment members are arranged in
substantially equally spaced pairs along the
length of the structural members 22 and 24,
one abutment pair being shown at 32 and 34

- in Figs. 7 and 8.

60

65

A jacking machine is illustrated generally at
36 in Fig. 1 which is movably supported on
the track 18. The jacking machine includes a
pusher block 38 which is disposed between
the structural members 22 and 24 and which
defines an internal transverse passage 40 re-
ceiving a pair of transversely movable locking
members 42 and 44. ‘A lock operating mecha-

nism is shown at 46 having an operating shaft -

" 48 and handle 50 as shown in Fig. 8 enablihg

70

75

80

85

20

95

100

105

110

115

120

125

130

the locking mechanism to be manually manipu-
lated thereby moving the locking elements 42
and 44 to the retracted and extended posi-
tions thereof. As shown in Fig. 8, the locking
elements 42 and 44 are extended such that
the outer extremities thereof are disposed for
force transmitting engagement with the re-
spective abutment members 32 and 34. The
pusher block is thereby adapted to be main-
tained in static, force transmitting engagement
with the abutment members thereby transmitt-
ing pushing forces from the jacking machine
36 to the track 18.

A pair of hydraulic pusher cylinders 52 and
54 are secured to the lower portion of the
jacking machine 36 and include internal pis-

tons that impart linear movement to respective

drive shafts 56 and 58. Clevis members 60
and 62 are secured at the extremities of the
drive shafts and are connected by pins 64
and 66 to drive projections that extend from
the pusher block 38. As the hydraulic cylin-
ders 52 and 54 are simuitaneously energized
by means of a hydraulic system driven by an
engine contained within the jacking mechanism
36, the drive shafts 56 and 58 will be ex-
tended with the locking elements 42 and and
44 in engaging relation with the track abut-
ment members 32 and 34. When this occurs,
the jacking machine 36 is propelled in a for-
ward direction to impart thrust forces to a
pipe expansion and replacement mandrel to be
discussed hereinbelow. After the drive shafts
56 and 58 of the cylinders have been driven
to the maximum extent thereof (for example,
30” or so, depending upon the design charac-
teristics of the mechanism), the hydraulic cyl-
inders will be deenergized. The locking mem-
bers 42 and 44 will then be retracted by the
mechanism 46. Thereafter, the hydraulic cylin-
ders will be reversed, driving the shafts 56
and 58 in the opposite direction, thus moving
the pusher block 38 toward the jacking
mechanism 36. After the drive shafts 56 and
58 have been fully retracted, the pusher block
38 will be in the position shown in Fig. 2.
The lock actuating mechanism 46 then will be
again manipulated to shift the locking ele-
ments 42 and 44 to the extended positions
thereof as shown in Fig. 8 for engagement
with another opposed pair of abutment mem-
bers 32 and 34. The jacking machine there-
fore has the capability of moving incrementally
along the track 18 and to thus drive the pipe
expanding and replacement mandrel incremen-
tally through the pipe being replaced.
Referring now to Figs. 3 and 4, the pipe
expansion and replacement mandrel is shown
generally at 70 with a section of replacement

“pipe 14 secured thereto. The mandrel 70 is of

elongated form having a front guide portion
72 which includes a generally conical nose
portion 74 and a swivel type traction projec-
tion 76. A connector passage 78 is formed in
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the traction projection and provides for con-
nection of a traction cable 80 thereto in the
manner shown in Fig. 1. If desired, the guide
portion 72 may be of soild, integral form, ma-
chined from a single section of bar stock. The
swivel 76 includes thrust bearings of any suit-
able form. At the rear portion of the guide
section, an externally threaded projection 82 is
provided which is received by internal threads
84 formed in an elongated tapered pipe ex-
pansion section 86. The pipe expansion sec-
tion is of generally conical configuration taper-
ing from a small dimension at 88 which is of
smaller dimension or corresponding dimension
as compared to the inner dimension of the
pipe 12 being replaced. The conical pipe ex-
pansion section 86 tapers to a large dimen-
sion 90 at its opposite extremity which is typ-
ically of greater diameter as compared to the
internal diameter of the pipe 12 being res
placed. In fact, the large dimension 90 may be
substantially larger than the internal and exter-
nal dimension of the pipe being replaced if
desired. A number of hard metal boring but-
tons 92 are embedded within the conical sur-
face of the pipe expansion section 86 and
project therefrom ta a desired extent. The
buttons 92 are composed of any suitable hard
material such as tungsten carbide, for
example, and function to engage the internal
surface of the pipe being replaced and to
cause a scoring or boring activity as the pipe
expansion section is moved linearly and rota-
tably through the pipe. This boring activity as-
sists in accomplishing fracturing of the pipe
being replaced whether the pipe be composed
of concrete, clay tile, cast iron, etc. The pipe
expansion section 86 defines an internal pas-
sage or receptacle 94 which receives an elon-
gated non-circular drive element 96 in teles-
coping relation_therein. The pipe expansion
section also defines internal threads 98 at the
opposite extremity thereof of which receive
the externally threaded portion 100 of a com-
bination thrust transmitting and swivel support
member 102. Member 102 defines an inter-
mediate support flange 104 which functions
as a retainer flange for a swivel member 106.
The swivel member is adapted to receive a
plurality of attachment bolts 108 which secure
one extremity of the replacement pipe 14 to
the swivel element.

The thrust transmitting and swivel support
member also provides the function of impart-
ing rotation to the pipe expansion and guide
sections of the mandrel. Member 102 is
formed internally to define a non-circular drive
opening 110 which receives the non-circular
drive element or kelly 96 in non-rotatable but
linearly movable relation. The drive element 96
defines a conventional internally threaded box
connection 112 at one extremity thereof
which is adapted to receive the externally
threaded pin connection 114 of a section of
drill pipe 116 which may be of the same gen-
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eral nature as the drill pipe utilized for well
drilling operations for petroleum products. At
its opposite extremity the drive member 96 is
provided with an enlarged abutment member
118 which is secured thereto by means of a
bolt 120. The enlarged head 118 is adapted
to engage a stop shoulder 122 defined at one
end of member 102 to thus prevent the drive
member 96 from being separated from its
connection with the member 102. The drive
member thus has a lost-motion connection
with the mandrel and is movable between lim-
its permitted by the box connection 112 and
enlarged head 118. Fig. 4 illustrates the lost-
motion connection moved to the maximum ex-
tent of its movement in the direction shown
by the force arrow. Fig. 3 illustrates thrust
forces being applied through the drill pipe 116
to the mandrel 70.

~ Referring now again to Figs. 1 and 2, the
jacking machine 36 is provided with a rotata-
ble drive member 118 having a conventional
externally threaded pin connection 120 which
is adapted to be received by the internally
threaded box connection 122 of the drill pipe
116. As the jacking machine is moved for-
wardly through energization of the hydraulic
cylinders 52 and 54, a forward thrust force
will be applied through the drill pipe 116 to
the pin connection 112 and thence to the
thrust transmitting member 102 to the pipe
expansion section 86. The pipe expansion
section is thus driven by this thrust force
through the pipe 12 being replaced. Aithough
such is not intended to be limiting as regards
the spirit and scope of the present invention,
thrust forces in the order of 160,000 ibs. to
300,000 Ibs. can be transmitted by the jack-
ing machine 36 to the pipe expansion section
86. A winch truck 124 or other suitable cable
winching mechanism may be employed as
shown in Fig. 1 for application of a pulling
force to the cable 80 through the swivel ele-
ment 76 of the mandrel. This pulling force
may be applied solely for the purpose of
achieving guidance of the nose portion of the
mandrel or, in the alternative, such pulling
force may also assist in movement of the
mandrel through the pipe being replaced. As
shown in Fig. 1, a pulley 126 is located at the
lower portion of a utility access pit 128 by
means of an elongated pulley support member
130. The pulley incorporates a thrust member
132 which bears against a wall of the pit 128
and thus functions to restrain movement of
the pulley as a pulling force is applied to the
cable 80 by the winch system of the truck
124. When the pulling force is utilized solely
for the purpose of ensuring accurate tracking
of the mandrel through the pipe being re-
placed, the pulling force may be in the order
of 5,000 Ibs. more or less. This particular
pulling force, however, is not intended to be
limiting of the present invention, it being obvi-
ous that the pulling force is determined by the
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design characteristics to be accomplished.
Referring now again to Figs. 1 and 2, the
jacking machine 36 is shown in Fig. 1 in its
full forward position, after having driven the
mandrel 70 through the pipe 12 to the maxi-
mum extent allowed by the length of the drill
pipe 116. As shown in Fig. 2, the rotatable
drive element 117 of the jacking machine has
been disconnected from the box connection
122 of the drill pipe and the jacking machine
has been moved rearwardly to its maximum
extent on the track 18. Thereafter, another
section of replacement pipe will be secured to
the replacement pipe 14 and another section
of drill pipe will be interposed between the
drill pipe section 116 and the rotatable drive
portion 118 of the jacking machine. Typically,
a section of plastic replacement pipe with a
section of drill pipe inside will be positioned in

the pit in general alignment with the grade and -

direction of the existing utlity pipe. The plastic
pipe will then be bonded to the adjacent plas-
tic pipe section. The drill pipe section will
then be threaded to the adjacent drill pipe
section, connected to the drive element 117
of the machine. Jacking and simultaneous pipe
rotation operations will then continue in the
manner described above thereby inducing si-
multaneous rotation and linear movement to
the mandrel 70 to continue its passage
through the existing pipe 12. Continued pipe
rehabilitation operations may Occur in the
same manner with as many sections of drill
pipe and replacement pipe being added as is
necessary to force the mandrel 70 through a
desired length of the original pipe 12. It has
been determined, depending upon soil condi-
tions, pipe size and other limiting factors, that
sections of replacement pipe in the order of
400’ in length may be installed in accordance .
with the teachings of the invention. In accor-
dance with the utility design characteristics set
forth in Fig. 1, pipe rehabilitation pits such as
shown at 16 may be located at 400’ intervals
on either side of the utility access pit 128,
thereby providing for efficient pipe rehabilita-
tion in the order of 800’ in length between
the pipe rehabilitation pits. Moreover, such
pipe rehabilitation may be accomplished be-
neath roadways, sidewalks, and through utility
easements without disturbing the surface fea-
tures thereof.

As mentioned above, at times it is desirable
to accomplish replacement of a utility piping
system with a replacement piping system of
larger fluid carrying capacity. It is also desir-
able to provide a replacement piping system
having smooth internal wall surfaces to
thereby eliminate internal fluid turbulence and
thereby permit more efficient flow. through the
utility system. These features may be effec-
tively accomplished in accordance with the
teachings of the present invention. For installa-
tion of a replacement pipeline of larger dimen-
sion than the original utility line 12, the large
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dimension 90 of the pipe expansion section
86 may simply be of significantly larger dia-
meter than the internal diameter of the original
pipe. As the mandrel 70 is forced through the
original pipe, the combined effects of thrust
force applied by the jacking machine through
the drili pipe to the mandrel and rotation of
the mandrel causes the original pipe to be
fractured into many fragments. This fracturing
effect is enhanced by internal scoring of the
original pipe which occurs as the carbide but-
tons 92 are both rotated and driven linearly
within the original pipe. As the pipe is frac-
tured, the outer tapered surface 87 of the
pipe expansion section functions in camming
relation with the pipe fragments thereby forc-
ing them radially outwardly into the earth sur-
rounding the original pipe. When this occurs,
the earth surrounding the pipe is compacted,
thereby providing a consolidated earth arch
around the replacement pipe 14. This earth
arch is strengthened by the pipe fragments
that are forced into it by the camming activity
of the mandrel.

It may also be desirable to inject a stabiliz-
ing liquid such as conventional well drilling
fluid into the earth during pipe expansion op-
erations to thus enhance consolidation of the
earth about the replacement pipe. Further, a
fluid may be injected through the mandrel for
the purpose of providing a lubrication quality
to thus minimize force requirements as the
mandrel is being forced linearly and rotatably
through the pipe. Accordingly, a modified em-
bodiment of the invention may take the form
illustrated in Figs. 5 and 6 where a mandrel
structure illustrated generally at 140 is shown.
The mandre! 140 incorporates a guide portion
142 having a swivel element 144 connected
to the tapered nose portion 146 thereof. The
guide portion may be connected by threads in
similar manner to a tapered pipe expansion
section 148 defining an internal receptacle
160 which receives an elongated non-circular
drive element 152. The drive element 152 ex-
tends through a non-circular mating opening
164 of a combination thrust and torque
transmitting element 156 which also provides
support for a replacement pipe swivel 1568.
The elongated non-circular drive element 152
defines an internal axial flow passage 160
which is in communication with a flow pas-
sage 162 of drill pipe 164. Passage 160 is
intersected by a transverse passage 166
which permits fluid from passage 160 to flow
into the receptacle 150 of the pipe expansion
section 148. Directionally oriented injection
passages 168 and 170 are formed in the pipe
expansion section 148 and communicate with
the receptacle 150. Drilling fluid or other suit-
able soil consolidation and lubrication fluid will
flow from the receptacle 150 through injection
passages 168 and 170. As the mandrel is
rotated through rotation of the drill pipe 164,

the fluid being ejected from passages 168 and
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170 will be evenly distributed in the soil
through the fractures formed in the pipe being
replaced. This fluid will thereby consolidate
the soil, further enhancing the compacted soil
arch that is formed as the mandrel is forced
through the pipe. The injected fluid will also
function to reduce friction and permit ease of
installation. An internal seal member is pro-
vided as shown at 172 for the purpose of
containing the fluid within the receptacle 150
and thereby ensuring that the fluid is ejected
through the angulated passages 168 and 170.
It may be desirable to accomplish pipe reha-
bilitation operations solely through application
of a pulling force rather than through applica-
tion of a pushing force or combination pushing
and pulling forces. Accordingly, a pipe rehabili-

~ tation mechanism may take the form illus-
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trated generally at 180 in Fig. 9 wherein a
track 182 is employed which is similar in con-
struction and function to the track 18 of Figs.
1, 2 and 7. A machine may be provided as
shown at 184 having a rotational drive mecha-
nism imparting rotation to a drive member
186 which is capable of threaded connection
to a section of drill pipe 188. The machine
184 may incorporate a similar jacking mechan-
sim having a pulling block similar to that
shown at 138 and hydraulic cylinders similar
to those shown at 52 and 54 in Fig. 7. The
machine 184 therefore imparts rotation to the
drill pipe 188 simultaneously with imparting
pulling movement to the drill pipe moving it in
a direction away from the pipe 190 being re-
placed. '

A mandrel illustrated generally at 192 in Fig.
9 and shown in greater detail in Fig. 10, is
adapted to be pulled through the pipe 190
causing fracturing of the pipe and forcing the
fractured fragments radially outwardly into the
earth surrounding the pipe thereby consolidat-
ing the earth and forming a passage for a
replacement pipe 194 which may be of
greater diameter as compared to the diameter
of the pipe being replaced. The mandrel 192
incorporates a connector sectiort 196 having
an internally threaded box connection 198
adapted to receive the standard externally
threaded pin connection 200 of the drill pipe
188. The connector section 196 is secured by
an externally threaded projection 202 to the
internal threads 204 of a tapered pipe expan-

sion section 206. The pipe expansion section

may, if desired, be formed to define an inter-
nal fluid passage 208 conducting soil consoli-
dating and lubricating fluid to injection pas-
sages 210 and 212. The passage 208 will be
in communication with an internal flow pas-
sage 214 formed through the connection sec-
tion 196. Fluid such as conventional well drill-
ing fluid will be pumped through the drill pipe
188 to the injection passages 210 and 212 .
through the flow passages 208 and 214. The
pipe expansion section 206 defines a generally
conical tapered surface 216 having a plurality
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of hardened boring buttons 218 embedded
therein to provide for internal pipe scoring and
boring as the mandrel 192 is moved linearly
and rotatably to traverse the pipe being re-
placed.

For the provision of a pipe replacement
function, the tapered pipe expansion section
206 of the mandrel defines an internally
threaded opening 220 which is adapted to re~
ceive an externally threaded connector element
222 having a swivel support flange 224 pro-
vided thereon. The support flange 224 re-
ceives a swivel element 226 to which the re-
placement pipe 194 is connected by means of
bolts 228.

Utilization of the apparatus 180 shown in
Figs. 9 and 10 is accomplished by first ex-
tending connected sections of drill pipe 188
through the pipe 190 to be replaced. After
the drill pipe has been extended through the
buried pipe, the mandrel 192 will be attached
to the pin connection 200 at the free extre-
mity thereof. The jacking machine 184 will
then be located at the right side portion of the
track as shown in Fig. 9 and a length of re-
placement pipe 194 will be secured by the
bolts 228 to the swivel 226. The machine
184 will then be energized to accomplish rota-
tion of the drive member 186 thereby rotating
the drill pipe 188. Simultaneously, the hydrau-
lic cylinders of the machine will be energized
thereby driving the machine to the left to
thereby impart a pulling force through the drill
pipe 188 to the mandrel 192. The mandrel
192 is thereby simultaneously moved linearly
through the pipe being replaced and is moved
rotatably to thereby cause the boring buttons
218 to score the internal surface of the pipe
during linear and rotatable movement. Because
the replacement pipe 194 is connected to the
mandrel by means of a swivel connection it
will not rotate and will be simply moved lin-
early into the passage that is formed as the
pipe fragments are forced radially outwardly
by the camming activity of surface 216. This
camming activity forces the fragments of the
broken pipe into the earth and thereby func-
tions to compact the earth and form a con-
solidated earth arch about the replacement
pipe. In the event a fluid substance such as
drilling mud is desired for further consolidation
of the soil or for the purpose of lubrication, it
is injected through the drill pipe and is ejected
into the soil through passages 210 and 212.

If desired, the mandrels 70, 140 and 192
may be moved linearly without simuitaneous
rotation to accomplish line rehabilitation oper-
ations.

In view of the foregoing, it is evident that
the present invention is one well adapted to
attain all of the objects and features hereina-
bove set forth, together with other objects
and features that are inherent from the
method and apparatus described hereinabove.
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1. A method of replacing buried pipe with

_ replacement pipe comprising:
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(a) locating pipe fracturing and replacement
apparatus in axial registry with the centerline
of the pipe to be replaced;

(b) reducing the pipe to be replaced to a
fractured form; .

(c) forcing the pipe fragments of the frac-
tured pipe radially outwardly into the surround-
ing earth formation thus forming a passage of
a dimension exceeding the dimension of the
replacement pipe; and .

(d) extending a replacement pipe into the
passage.

2. A method as recited in Claim 1, wherein:

said method steps of paragraphs (b), (c) and
(d) are accomplished in a single pass with said
pipe fracturing and replacement apparatus.

3. A method as recited in Claim 1, wherein:

said method steps (b) and (c) are s1multane-
ously accomplished by forcing an elongated
mandrel having a tapered portion through the
pipe to be replaced said tapered portion ex-
panding said pipe to cause fracturing thereof
and forcing the resulting pipe fragments radi-
ally outwardly into the earth surrounding the
pipe.

4. method as recited in Claim 3, wherein:

said mandre! is forcibly moved through the
pipe by simultaneous linear and rotatational
components of movement.

5. method as recited in Claim 3, wherein:

said mandrel is moved through said plpe by
a pushing force.

6. method as recited in Claim 3, wherein:

- said mandre!l is moved through said pipe by
a pulling force.

7. method as recited in Claim 3, wherein:

said mandrel is moved through said pipe by
both pushing and pulling forces.

8. Apparatus for replacing buried pipe with
replacement pipe, comprising:

(a) an elongated mandrel having a pipe ex-
panding portion having a large ‘extremity ex-
ceeding the internal dimension of the pipe be-
ing replaced;

(b) means for moving said mandrel through
said pipe;

(c) connector means mounted on said man-
drel, said connector means adapted for con-
nection to one end of replacement pipe
whereby replacement pipe is moved linearly
into the passage occupied by said pipe before
expansion thereof.

9. Apparatus as recited in Claim 8, wherein:

. said means for moving said mandrel through

said pipe comprises means for applying a
pushing force to said mandrel.

10. Apparatus as recited in Claim 8,
wherein:

said means for moving said mandrel through
said pipe comprises means for applying a pull-
ing force to said mandrel.

11. Apparatus as recited in Claim 8,
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_ wherein:
said means for moving said mandrel through

said pipe comprises means applying simulta-
neous pushing and pulling forces to said man-
drel.
12. Apparatus as recited in Claim 8,
wherein:
said means for moving said mandrel through
said pipe induces simultaneous linear and ro-
tary movement to said mandrel.
13. Apparatus as recited in Claim 8,
wherein:
said pipe expanding portion is of elongated
conical configuration, said small extremity is of
smaller diameter than the internal diameter of
said pipe and said large extremity is of a lar-

ger diameter than the internal diameter of sald'

pipe.

14. Apparatus as recited in Claim 13,
wherein: ,

a plurality of hard boring projections are em-
bedded within said pipe expanding portion, -
said hard projections extending radially out-
wardly from said pipe expanding portion for
engagement with said pipe.

.15. Apparatus as recited in Claim 8,
wherein said means for moving said mandrel
through said pipe comprises:

(a) elongated support track means adapted
for location in substantially parallel relation
with the grade of said pipe, said track means
defining spaced abutment means;

(b) jacking means being suported by said
track means and having force transmitting re-
lation with said abutment means; and

(c) elongated rigid force transmitting means
interconnecting said jacking means and said
mandrel.

16. Apparatus as recited in Claim 15,
wherein said jacking machine comprises:

(a) a power system driven by engine means,
said power system imparting rotary movement
to said rigid force transmitting means and said
mandrel; )

(b) block means having abutment engage-
ment means; and

{c) linear hydraulic motor means intercon-
necting said power system and said block
means and, when energized, imparting linear
movement to said power system relative to
said track means and thus imparting linear
movement to said rigid force transmitting
means and said mandrel.

17. Apparatus as recited in Claim 16,
wherein:

said hydraulic motor means lmparts a push-
ing movement to move said power system
relative to said track means.

18. Apparatus as recited in Claim 16,
wherein:

said hydraulic motor means imparts a pulling
movement to move said power system rela-
tive to said track means.

CLAIMS
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New claims or amendments to claims filed on
27/6/85

Superseded claims 1-18

New or amended claims:

1. A method of replacing buried pipe with
replacement pipe comprising:

(a) locating pipe fracturing and replacement
apparatus in axial registry with the centerline
of the pipe to be replaced, said pipe fracturing
and replacement apparatus having a pipe frac-
turing mandrel of generally frustoconical confi-
guration and having a diameter at its leading
extremity not greater than the interal diameter
of said buried pipe and a diameter at its trail-

ing extremity which is greater than the outer

~ diameter of said replacement pipe;
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(b) simultaneously forcing said pipe fractur-

{ing mandrel through said buried pipe by apply-

ing force to the mandrel, this force being gen-
erated and transmitted thereto from beyond
one end of the pipe to be replaced, reducing
the pipe to be replaced to a fractured form,
forcing each of the pipe fragments of the frac-
tured pipe radially outwardly into the surround-
ing earth formation thus forming a replace-
ment pipe passage of a dimension exceeding
the external dimension of the replacement
pipe; and

(c) extending a replacement pipe into the
passage simultaneously with passage of said
pipe fracturing mandrel through said buried
pipe.

2. A method according to claim 1, wherein
said method steps of paragraphs (b) and (c)
are accomplished in a single pass with said
pipe fracturing and replacement apparatus.

3. A method according to claim 1 or 2,
wherein said mandrel is forcibly moved
through the buried pipe by simultaneous linear
and rotational components of movement.

4. A method according to claim 1, 2 or 3,
wherein said mandrel is moved through said
pipe by a pushing force.

5. A method according to claim 1, 2 or 3,
wherein said mandrel is moved through said
pipe by a pulling force.

6. A method according to claim 1, 2 or 3,
wherein said mandrel is moved through said
pipe by both pushing and pulling forces.

7. A method of replacing buried pipe with
replacement pipe, substantially as hereinbefore
described with reference to the accompanying
drawings.

8. Apparatus for fracturing and expanding
buried pipe and positioning a replacement pipe
with its centre line substantially coincident
with said buried pipe, comprising:

(a) an elongate pipe fracturing and displace-
ment mandrel having a generally frusto-conical
pipe fracturing and expanding portion having a
leading extremity intended to be not greater
than the internal diameter of said buried pipe
and a trailing extremity intended not to exceed
the internal dimension of the buried pipe, said
pipe fracturing and expanding portion, upon
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being forced through said buried pipe, being
able to reduce said buried pipe to pipe frag-
ments and forcing said pipe fragments sub-
stantially radially outwardly into the soil within
which said pipe is buried;

(b) means for applying force to the mandrel,
this means being for generating and transmitt-
ing force to the mandrel from beyond one end
of the pipe to be replaced to force said man-
drel through said buried pipe; and

(c) connector means mounted on said man-
drel for connection to the leading end of said
replacement pipe whereby said replacement
pipe can be moved linearly into the passage
occupied by said buried pipe after fracturing.
thereof.

9. Apparatus according to claim 8, wherein
said means for forcing said mandrel through
said buried pipe includes means for applying a
pushing force to said mandrel.

" 10. Apparatus according to claim 8 or 9,
wherein said means for forcing said’ mandrel
through said buried pipe includes means for
applying a pulling force to said mandrel.

11. Apparatus for fracturing and expanding
buried pipe and positioning a replacement pipe
therein, substantially as hereinbefore described
with reference to the accompanying drawings.
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