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(54) Title of the Invention: Pipe laying apparatus

Abstract Title: Compactor mechanism for laying pipes

(57) A compactor mechanism for compacting aggregate about a pipe in a trench comprising a single powered
compacting element 3 configured to be movable in a reciprocating motion along the length of a pipe. The
mechanism is preferably rotatable from a central position about an angle of at least 90 degrees in two directions to
compact aggregate on both sides of a pipe. The mechanism may be integrated into a quick hitch coupler and
attachable to a two hose hydraulic circuit of an excavator arm 13. The element may be submerged beneath the
aggregate at all times when in use to lay a gravity sewer. Further disclosed is a method for compacting aggregate
about a pipe comprising a step of inserting a compacting element beneath an aggregate surface to compact the

aggregate.
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Pipe Laying Apparatus

Field of the Invention

The present invention relates to an apparatus for laying a pipe in a trench and in

particular to the compaction of bedding material about and under the pipe.

Background to the Invention

In conventional practice the process of laying gravity sewers in trenches involves
workers working within the confines of the trench which is a hazardous environment.
This has been achieved by workers within the trench first placing a compacted layer
of gravel on the bottom of the trench such that the uppermost surface of this gravel is
exactly aligned with the prescribed design gradient of the pipe. The pipe is then
inserted into the previously laid pipe and rested on this layer of gravel. The pipe will
then be aligned with the precise design gradient Additional gravel is then placed along
both sides of the pipe and compacted to support the pipe.

Summary of the Invention

According to an aspect of the present invention, there is provided a compactor
mechanism for compacting of aggregate material about a pipe in a trench, the pipe
having a predetermined pipe gradient, wherein the compactor mechanism comprises:
a single powered compacting element, the compacting element being configured to be
moveable in a reciprocating motion along the length of a placed pipe for
simultaneously compacting the aggregate to a pre-defined minimum density about the

bed and side of the pipe along the length of the pipe to maintain the pipe gradient.

An advantage of this arrangement is that a single integrated apparatus is provided
which provides for compaction of aggregate material about the pipe in order to
maintain the gradient of the pipe. The compactor mechanism operates to ensure that
no voids are left beneath the pipe in the bedding area which is a frequent problem
with manual compaction. Furthermore, compaction is provided about the haunch of
the pipe. In this manner, a reliably compacted bed and haunch layer is provided to
support the pipe and maintain the pipe gradient without the intervention of workers in

the trench. Maintaining a pipe gradient when laying pipe is critical in pipes for fluid
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flow. Failure to maintain a pipe gradient can lead to problems such as pipe blockage,
leakage, pressure build up and ultimately failure of the pipe and pipe network. Some
known compacting devices attempt to provide compaction about both sides of a pipe
at the same time. However, such devices can typically only provide low compaction
force. Furthermore, the compacting action provided is limited to widths of pipe that
can be accommodated between the compacting elements of such devices. A single
powered compacting element however provides for compaction about a first side of a
pipe following by compaction about a second side of a pipe. In this manner, the
compaction may be provided about pipes of any diameter. Furthermore, the
compacting force which can be provided by a single compactor can be considerably
increased compared to devices where simultaneous compaction about two sides of a

pipe is attempted.

The compactor mechanism may further comprise a rotatable element, wherein the
single powered compacting element is attached to the rotatable element. This provides

for manoeuvring and position of the compacting element.

The rotatable element may be rotatable from a central position through an angle of at
least 90 degrees in a first direction for positioning of the single powered compacting
element alongside a first side of the pipe and through an angle of at least 90 degrees in
a second direction for positioning of the single powered compacting element
alongside a second side of the pipe. This provides that the compacting element may be
placed along one side of pipe for compaction of aggregate about that side and then
rotated such that it may be placed along the second side of pipe for compaction of

aggregate about that side of the pipe.

In use, the compacting element may be submerged beneath the aggregate material at
all times when compacting the aggregate. This provides for optimal compaction. It
further provides superior compaction compared to surface compactors, such as plate

type compactors. The single compacting element may be fully or partially submerged.

The compacting elements may be elongate elements. This provides that the elements
are easily submergible beneath an aggregate surface in order to commence

reciprocating motion for compaction. This is in contrast, for example, to plate type
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compactors wherein the compacting plate surface is configured to remain on the

surface of the aggregate.

The compactor mechanism may be integrated into a quick hitch coupler. This
provides for ease of attachment to an excavator vehicle and allows that the compactor

may be readily attached and detached.

The compacter mechanism may be attachable to a hydraulic circuit of an excavator
arm. This provides that the compactor mechanism is powerable by a hydraulic system

already integrated into an excavator vehicle.

The compacter mechanism may be attachable to a hydraulic circuit of an excavator
arm via a two-hose connection. This provides for both an ease of connection to the
excavator vehicle and further provides that the full power and pressure of the
excavator vehicle hydraulic system may be transferred to the compactor mechanism.
The fact that this hydraulic pressure is not divided means that considerable additional
compacting force may be provided by a single compactor compared to a device with

multiple compacting elements.

The compacting element may have stroke reciprocating distance of about 50 mm.

The frequency of the reciprocating motion is adjustable. This is advantageous as it
provides that the frequency of the reciprocating motion may be set to correspond to a

frequency for optimal compaction of aggregate material for a particular pipe diameter.

The pipe is at least 400 mm in diameter. For pipes of this diameter and larger, the
single compactor element provides for optimum compaction of aggregate material.
This is due to the fact that larger pipes have greater mass and therefore will not move
laterally during the compaction of one side only of the pipe in the first instance. Also,
as the pipe is larger, the volume of bedding gravel deposited by an excavator bucket
either side of the pipe for compaction is also larger and therefore provides more

lateral support against the opposing compaction forces about the bed and side of the

pipe.
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According to an aspect of the present invention, there is provided a method for
compacting aggregate about a pipe having a predetermined pipe gradient; the method
comprising: inserting a single powered compacting element beneath an aggregate
surface; providing a reciprocating motion to the single powered compacting element
to compact the aggregate; extracting the single powered compacting element from
beneath the aggregate surface when the aggregate is compacted to a pre-defined

minimum density.

The method may further comprise moving the powered compacting element along the
length of the pipe about a first side of the pipe; removing the single powered
compacting element from beneath the aggregate surface; moving the powered
compacting element along the length of the pipe about a second side of the pipe.
When performing the method, the single compacting element may be submerged
beneath the aggregate material at all times when compacting the aggregate. The single
compacting element may be fully or partially submerged. The single compacting

element may be an elongate element.

Description of the Drawing

Figure 1 is a schematic representation of the compactor mechanism of the invention
in front view

Figure 2 is a schematic representation of the compactor mechanism of the invention
in side view

Figure 3 is a schematic representation of the compactor mechanism of the invention
in perspective view

Figure 4 is a schematic representation of a pipe in a trench

Figure S is a schematic representation of a pipe in a trench with non-compacted
aggregate material about the sides and under the pipe

Figure 6 is a schematic representation of the compactor mechanism of the invention
in position for compaction of aggregate about a first side of a pipe

Figure 7 is a schematic representation of the compactor mechanism of the invention
in position for compaction of aggregate about a second side of a pipe after compaction

of aggregate about a first side of the pipe
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Detailed Description of the Drawings

Figures 1 to 3 show a schematic representation of the compactor mechanism 1 of the
invention. The compactor mechanism comprises a single compacting element 2. The
compacting element is configured as an elongate element or piston rod 3, within a
housing 4 and moveable within the housing. The rod further comprises a head element
5. The rod performs a reciprocating action to strike aggregate material, such as gravel,
which has been placed about the pipe below the surface of the material. The rod 3
provides for allowing the head to be inserted into the gravel and remain submerged
during the entire compacting process. The reciprocating motion of the rod causes the
head to compact the aggregate material beneath the surface. This provides for
simultaneously compacting the aggregate to a pre-defined minimum density about the
bed and sides of the pipe along the length of the pipe to maintain the pipe gradient.
The mechanism further comprises a rotatable element or rotator 6. This provides that
the compacting element may be rotated in one direction to be placed about one side of
a pipe and further rotated in a second direction to be placed about the opposite side of
a pipe. The rotator thus has a range of motion of at least 90 degrees in each direction.
While in the examples below, it is described that the rotator is rotated through the full
90 degrees before placement of the compacting element into the aggregate, a partial
rotation through a lesser angle than 90 degrees may also be performed before

placement of the compacting element into the aggregate.

The reciprocating action may be hydraulically powered or alternatively may be

pneumatically powered. The reciprocating action may further be electrically powered.

The compactor mechanism is moveable at a predetermined speed along the length of a
pipe for compacting of the aggregate about the length of the pipe. The compactor
mechanism is moveable via an arm of an excavator vehicle (not shown). The
compactor mechanism further comprises a bracket 7 for attachment to the the arm of
the excavator. The speed of movement of the compactor mechanism along the length
of the pipe is adjustable by adjustment of the extension and retraction speed of the

arm as controlled by an operator.
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Pre-Compaction

In use for laying a pipe, the compactor mechanism is used in conjunction with other
pipe laying equipment as follows:

With reference to Figure 4, it is shown that a trench 8 is excavated below the design
bottom level of the pipe to be laid. Using an excavator (not shown) or other
equipment a pipe 9 is then lowered into the trench 8. Using the excavator controls, the
pipe may be connected to and aligned with any previously laid pipe in the trench.
With the pipe still held in aligned positon by the excavator, aggregate material, such
as gravel is then discharged along the top centre line of the pipe. With reference to
Figure §, it is shown that the aggregate 10 material falls down the sides and
underneath the pipe, thus providing partial fill of the pipe bed and haunch zones.
Furthermore, the aggregate material is delivered in sufficient volume that upon
striking the top centre line of the pipe, it is subsequently directed by the curved top
surface of the pipe into the trench about both sides of the pipe simultaneously. It can
be seen from Figure 5, that when the aggregate material is delivered, typically a void
remains beneath the pipe. This void may be filled by compaction of the aggregate as
will be described below. It is also noted that the delivered aggregate may not rise
evenly on both sides of the pipe, i.e. the surface of the aggregate on one side of the
pipe may be at a higher level than the opposite side of the pipe. Again, this highlights
a difficulty with providing compaction of material about both sides of the pipe
simultaneously, as it is not possible to submerge compactors to the same depth on

both sides of the pipe. This leads to an uneven distribution of compaction forces.

Compaction

The compactor mechanism is then attached to the arm of the excavator. The
compactor mechanism may be integrated into a quick hitch coupler to allow for ease
of connection to the excavator arm. Upon being first attached to the excavator arm 13,
the rotator 6 may be in a central position in line with the arm of the excavator. Thus,
in order to be placed in position along the side of the pipe, the rotator 6 is rotated
through 90 degrees such that it is offset from the central position. When in this
position, the compacting element 3 is inserted under the surface of the aggregate
material (Figure 6) alongside a first side 11 of the pipe 9. The reciprocating motion of
the compacting element is then activated. This pushes the aggregate material under

the pipe and compacts the material both under and on one side of the pipe. Note with
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respect to Figure 6, this also has the effect of partially filling the void beneath the
pipe. The powered compacting element may be moved along the length of the pipe
about the first side of the pipe to ensure compaction along the length of the pipe. The
compacting element is then extracted from the aggregate when the aggregate is
compacted to a pre-defined minimum density on the first side of the pipe. Once
extracted the compacting element is moved via the rotator 6 through 90 degrees to the
central position and then further through another 90 degrees so that it is again offset
from the central position but in the opposite direction. When in this position, the
compacting element 3 is inserted under the surface of the aggregate material (Figure

7) alongside the second side 12 of the pipe 9, opposite the first side.

The compacting element is now in position along the second side of the pipe, opposite
the first side (Figure 7). The compacting element is re-submerged and the
reciprocating motion of the compacting element is then activated. This again pushes
the aggregate material under the pipe and compacts the material both under and on the
second side of the pipe. Again, the powered compacting element may be moved along
the length of the pipe about the second side of the pipe to ensure compaction along the
length of the pipe. The compacting element is then extracted from the aggregate when

the aggregate is compacted to a pre-defined minimum density.

Once both sides of the pipe have had compaction of aggregate performed to a required
degree of 95% proctor density, a suitable compacted bed and haunch layer for the pipe
is provided which is at the required level for alignment with the previously laid pipe.
This provides sufficient support about the pipe sides to prevent settlement or
subsequent lateral movement of the pipe. The compacting element is extracted from
the aggregate and the pipe laying apparatus is manoeuvred away from the freshly laid
pipe. The pipe installation is now complete and the process may begin again with a
further section of pipe. The above is described in relation to a pipe being laid
subsequent to a previously laid pipe. The same process is followed for each

subsequent pipe section to be laid.

For the reasons of safety improvement, and to further increase the efficiency of pipe
laying, there is a need to remove the requirement for workers to be in the trench at any

time during the pipe installation. There exists devices which attach to an excavator
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arm and which can place and connect a gravity pipe such that it may be aligned to a
gradient without workers being in the trench. However, while such devices may
provide for placement of a pipe, they do not provide for subsequent compaction of
material to support the pipe. To remove the need for workers to be in the trench
during compaction of the gravel around the pipe there is a need for a device to
remotely compact the pipe bedding and side fill gravel simultaneously to a high
density in order to structurally support the pipe and to maintain the pipe at the precise

gradient after the trench has been infilled.

A single compacting element as described provides a number of advantages over
devices with pairs or other amounts of compactors. For smaller pipes (for example
from 150mm to 375mm in diameter) it is desirable to compact the pipe bedding gravel
simultaneously on either side of the pipe. The volume of pipe bedding gravel required
to fill the bed underneath and the along the sides of these smaller pipes is relatively
small and requires a low compaction force to compact the gravel to a high density.

Such a low compaction force may be provided by a multiple compactor type device.

However, for larger pipes (for example, of 400mm diameter and greater and
especially gravity flow pipes) a single compactor is more desirable for a number of
reasons. Without workers being in the trench it is not possible to place the compacted
gravel beneath the pipe such that the resulting top surface is precisely aligned with the
prescribed design pipe gradient. Therefore it is not possible to rest a pipe on this
gravel top surface so that the pipe will be set on the desired pipe gradient.

As such, to remove the need for workers to be in the trench it is therefore necessary to
remotely place the gravel underneath and about the sides of a pipe simultaneously
after the pipe has been installed and held along the precise line and design gradient
This gravel is then compacted about the underneath and sides of the pipe
simultaneously to provide that the pipe will remain held along the correct line and

gradient.

To achieve this compaction it is necessary to insert a single powered compacting
element into the placed gravel. This will strike the gravel beneath the surface to
simultaneously compact both beneath and along the sides of the installed pipe. It is

found that the optimum depth of submergence of the reciprocating compactor is 150
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mm. Note that this device differs from plate type compactors which deliver blows to
the top surface of material over a large surface area. Therefore these compaction
forces will have no compaction effect beyond circa 200mm depth below the surface of
the gravel and will not compact the gravel underneath the pipe.

Some known compacting devices attempt to provide compaction of gravel about both
sides of the gravity pipe at the same time but these devices are not effective for pipe
diameters of 400mm diameter and greater. For pipes of 400mm diameter and upwards
the use of a single compactor, which compacts the gravel one side of the pipe at a
time, is more desirable than a pair of compactors compacting both sides of the pipe at

the same time as set out below.

Larger pipes have greater mass and therefore will not move laterally during the
compaction of only one side of the pipe. Also, as the pipe is larger, the volume of
bedding gravel deposited by the excavator bucket either side of the pipe is larger and

therefore provides more lateral support against the opposing compaction forces.

In order to achieve optimum compaction, the outer end/head element 5 of the
reciprocating compactor must be submerged beneath the top surface of the gravel, at
all times (during compaction). If the reciprocating head 5 is resting on the gravel
surface, or above it, then no compaction will take place. It has been found that the
optimum depth of submergence was circa 150mm below the surface. When placing
the large volume of aggregate, such as gravel, either side of the pipe with an excavator
bucket it is not possible to provide a uniform top surface level of deposited gravel (as
per Figure 5). As such, it is not possible to maintain the correct submergence level for
a pair of compactors working simultaneously. Many times this results in a first
compactor being submerged by the optimum amount of circa 150 mm and the second
compactor being above the gravel surface and thereby delivering no compaction force
to the gravel. This deposited gravel top surface level varies along the length of the
pipe in a wave like form and from one side of the pipe to the other. It was found that
simultaneous equivalent depth of submergence for a pair of compactors was not
possible to achieve with any degree of reliability. Thus, sub optimal compaction

would result.
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Furthermore, for larger pipes of 400 mm diameter and greater, the volume of
aggregate to be compacted is larger than for smaller diameter pipes and thus must be
moved further to reach the middle bottom of the pipe. It was found in experimentation
that high compaction forces were required to achieve this compaction, resulting in
high reaction forces occurring in the compacting members and attached mounting
frame. It was found that, on larger pipes, when using a pair of compactors
simultaneously that full compaction on one side of the pipe may occur before the
other side. Therefore, the resulting reaction forces in the compactor on the compacted
side were suddenly much higher than the side where full compaction had not yet been
achieved. This resulted in a torsional moment being induced into the compactor
mounting frame and causing both compactors and the excavator arm to vibrate. This
vibration is undesirable from a structural viewpoint but can also cause the compactor
drive mechanism, for example a reciprocating oil switching valve, to vibrate. This can

cause the compactor mechanism to misfire on a number of reciprocating strokes.

Another advantage of the operating a single compactor is in relation to the hydraulic
oil hose connections on an excavator. The compactor mechanism is attachable to a
hydraulic circuit of an excavator arm. More commonly an excavator will be fitted
with a hydraulic circuit to operate an attachment such as a rock breaker. A single
compactor may be connected via a simple two hose connection to this circuit at the
base of the excavator dipper arm. However with the simultaneous operation of a pair
of separate compactors, oil from the circuit must be divided between the two
compactors. As pointed out above, the compaction reaction forces induced in the
compactors can simultaneously vary. This can cause “rough running” of the
compaction reciprocation motion because the oil flow and pressure is being shared
from a single excavator hydraulic rock breaker circuit. It should be noted that rough
running of a compactor results in poor a compaction effect being delivered. Attempts
to use pressure compensated hydraulic oil flow dividers to solve this problem proved
to be inconsistent and unreliable due to the unpredictable variation in the induced

reaction forces within the pair of compactors.

The words “comprises/comprising” and the words “having/including” when used

herein with reference to the present invention are used to specify the presence of
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stated features, integers, steps or components but do not preclude the presence or

addition of one or more other features, integers, steps, components or groups thereof.

It is appreciated that certain features of the invention, which are, for clarity, described
in the context of separate embodiments, may also be provided in combination in a
single embodiment. Conversely, various features of the invention which are, for
brevity, described in the context of a single embodiment, may also be provided

separately or in any suitable sub-combination.
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CLAIMS

5.

A compactor mechanism for compacting of aggregate material about a pipe in
a trench, the pipe having a predetermined pipe gradient, wherein the
compactor mechanism comprises:

a single powered compacting element, the compacting element being
configured to be moveable in a reciprocating motion along the length of a
placed pipe for simultaneously compacting the aggregate to a pre-defined
minimum density about the bed and sides of the pipe along the length of the

pipe to maintain the pipe gradient.

The compactor mechanism of claim 1 further comprising a rotatable element,
wherein the single powered compacting element is attached to the rotatable

element.

The compactor mechanism of claim 2 wherein the rotatable element is
rotatable from a central position through an angle of at least 90 degrees in a
first direction for positioning of the single powered compacting element
alongside a first side of the pipe and through an angle of at least 90 degrees in
a second direction for positioning of the single powered compacting element

alongside a second side of the pipe.

The compactor mechanism of any of claims 1 to 3 wherein, in use, the
compacting element is submerged beneath the aggregate material at all times

when compacting the aggregate.

The compactor mechanism of any of claims 1 to 4, wherein the compacting

element is an elongate element.

6.

The compactor mechanism of any of claims 1 to 5, the

compactor mechanism being integrated into a quick hitch coupler.

7. The compacter mechanism of any preceding claim wherein the compactor

mechanism is attachable to a hydraulic circuit of an excavator arm.
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8.

9.

13

The compacter mechanism of claim 7 wherein the compactor mechanism is
attachable to a hydraulic circuit of an excavator arm via a two hose

connection.

The compactor mechanism of any preceding claim wherein the compacting

element has stroke reciprocating distance of about 50 mm.

10.

11.

12.

13.

The compactor mechanism of any of any preceding claim, wherein the

frequency of the reciprocating motion is adjustable.

The compactor mechanism of any preceding claims for compacting of

aggregate material about a pipe of at least 400 mm in diameter.

A method for compacting aggregate about a pipe having a predetermined pipe
gradient; the method comprising:

inserting a single powered compacting element beneath an aggregate
surface;

providing a reciprocating motion to the single powered compacting
element to compact the aggregate;

extracting the single powered compacting element from beneath the
aggregate surface when the aggregate is compacted to a pre-defined minimum

density.

The method of claim 12, further comprising:

moving the single powered compacting element along the length of the
pipe about a first side of the pipe;

extracting the single powered compacting element from beneath the
aggregate surface;

moving the single powered compacting element along the length of the

pipe about a second side of the pipe.
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14. The method of claim 12 or 13 wherein the single compacting element is
submerged beneath the aggregate material at all times when compacting the

aggregate.

15. The method of any of claims 12 to 14, wherein the single compacting element

is an elongate element.
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