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THIS INVENTION relates to a mandrel shoe and more
particularly to a mandrel shoe for use in installing
vertical drains.

Vertical drains are used as one of a number of
methods to drain and consolidate ground upon which
.construction is to take place. A vertical drain comprises
an elongate pre-fabricated plastics corrugated core
surrounded by a filter cloth. Water is free to pass
through the filter cloth into the corrugations of the
plastics core. The corrugations define a series of
elongate channels in the core. Water in the vertical drain
is forced up through the channels to the surface by the

pressure of a surcharge load placed on the ground being
consolidated.

Vertical drains are installed in an array covering
the area to be consolidated. The drains are spaced 1 to
1.5 metres apart from one another. Thus, many hundreds or
thousands of vertical drains need to be installed in a
large site. The drains are installed to a depth which
varies from 5 to 80 metres and typically to a depth in the
range of 10 to 40 metres. '

A conventional method of installing vertical drains
is by wusing an installation rig, which is termed a
stitcher, such as the one shown in Figure 1 of the
accompanying drawings. The stitcher is attached to a
standard excavator or crane. A mast in the stitcher is
operable to drive a hollow mandrel, through which the.
vertical drain runs, into the ground to be consolidated.



through the filter cloth into the corrugations of the plastics core. The
*corrugations define a series of elongate channels in the core. Water in the
vertical drain is forced up through the channels to the surface by the
pressure of a surcharge | oad placed on the ground bei ng consoli dat ed.
Vertical drains are installed in an array covering the area to be
consolidated. The drains are spaced 1 to 1.5 netres apart from one
anot her. Thus, many hundreds or thousands of vertical drains need to be
installed in a large site. The drains are installed to a depth which
varies from5 to 80 netres and typically2to a depth in the range of 10 to

40 netres. A conventi onal _ met hod of |nstalllnq1vert1cal drains is
by using an i nst al | &0 3pchey PIRFRnlf uged neR anChoY grsrh AR At tHhe one

shown in Figeteok 6f the @ﬁaaﬁaaaw Bg dbAolddateBe hid GlRhds. plidtehed

L0, 2 oL I ERaNOf 0y €T A% ARl LG L IS oy ahpr bl e L0

ground to beeingsopullaedd. out from the so0il when the mandrel is
withdrawn. Typically, a worker will fit a new anchor plate
to a portion of the drain projecting out of the bottom of
the hollow mandrel. Once the anchor plate is fitted to the
drain, installation can commence and the anchor plate which
is seated at the bottom the end of the hollow mandrel is
driven into the ground. Once the desired depth has been
reached, the mandrel is withdrawn and the anchor plate
remains in the ground to be consolidated thereby also
leaving the vertical drain anchored in place in the ground.

When the mandrel has been fully withdrawn from the
ground, a portion of the drain still projects from the
ground and this portion is cut to leave a stub of drain
projecting from the ground.

The worker must then attach another anchor plate to
the end of the drain projecting from the mandrel. In a
site in which one million metres of vertical drains are to
be installed at an average depth of 20 metres,
approximately 50,000 installations will need to be carried
out which would require 50,000 anchor plates and 50,000
drain cutting operations and 50;000 fittings of new anchor
plates. <Clearly, the conventional installation is time-

consuming, labour intensive and requires a new anchor plate
for each installation.

Another disadvantage of the use of anchor plates is
that the anchor plates present a planar surface to the
ground when being driven into the ground which creates

significant resistance to the passage of the mandrel
through the ground.



2 An anchor plate is used to anchor each drain at the bottom of the
‘ground to be consolidated. The anchor plate nust enbed itself in the soi

to prevent the vertical drain being pulled out fromthe soil when the
mandrel is withdrawn. Typically, a worker will fit a new anchor plate to a
portion of the drain projecting out of the bottomof the hollow nmandrel.
Once the anchor plate is fitted to the drain, installation can comrence and
the anchor plate which is seated at the bottomthe end of the holl ow
mandrel is driven into the ground. Once the desired depth has been reached,
the mandrel is w thdrawn and the anchor:blate remains in the ground to be

al rain anchored in place in
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provide a mandrel shoe and method of installing vertical
drains which do not suffer from the above disadvantages.

Accordingly, one aspect of the present invention
provides a mandrel shoe for the installation of vertical
drains, the mandrel shoe comprising : a 'guide channel
extending from an upper end of the mandrel shoe to a side
opening formed in .a lower end of the mandrel shoe, the
guide channel being adapted to. direct a length of drain
from an upper end of the mandrel shoe towards and out of
the side opening, such that an anchoring length of drain

projects from the side opening to anchor the drain within
the ground.

Another aspect of the present invention provides a
mandrel shoe for use with a mandrel for the installation of
vertical drains, an upper end of the mandrel shoe being
securable to the bottom of the mandrel, the mahdrel shoe
comprising: a guide channel extending from an aperture in
the upper end of the mandrel shoe to an opening formed in
the ldwer end of the mandrel shoe, the guide channel being
adapted to direct a length of drain from the mandrel
towards and out of the opening; feed means actuable to pay
out a predetermined length of drain through the opening as
the mandrel shoe is lowered from a position above the
ground towards the ground; and cutting means actuable to
cut through the drain as the mandrel shoe is withdrawn
completely from the ground.

A further aspect of the present invention provides
a method of installing vertical drains comprising the
steps of: priming a mandrel shoe with a length of drain
such that an anchoring 1length of drain projects
substantially sideways from the mandrel shoe; driving the



When the mandrel has been fully withdrawn fromthe ground, a portion of the
< drain still projects fromthe ground and this portion iis cut to | eave a
stub of drain projecting fromthe ground. The worker rmnust then
attach anot her anchor plate to the end of the drain projecting fromthe
mandr el . In a site in which one mllion netres of vertical drains are to
be installed at an average depth of 20 netres, approximately 50, 000
installations will need to be carried out which would require 50,000 anchor
pl ates and 50,000 drain cutting operations and 50,000 fittings of new
anchor plates. Cearly, the conventiond#t installation is tine- consumng,
| abour intensive and requires a new anchor plate for egch installation.
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whi ch creates significant r%§|?}ance(§o fhﬁhgassag% of th%ln%pdrel t hrough
t he groundagaln a side of the mandrel shoe as“the mandrel shoe 1is
driven into the ground; releasing the anchoring length from
the side of the mandrel shoe to entrap the anchoring length
in the ground such that the vertical drain is anchored in
place by the protruding anchoring length; and subsequently

withdrawing the mandrel shoe from the ground.

Another aspect of the present invention provides
a method of installing vertical drains comprising the steps
of : priming a mandrel shoe with a length of drain; paying
out a predetermined length of drain through an opening in
the mandrel shoe as the mandrel shoe is lowered from a
position above the ground towards the ground; driving the
mandrel shoe into the ground to a predetermined depth;
subsequently withdrawing the mandrel shoe from the ground
to leave the vertical drain embedded in the ground; and

cutting the drain once the mandrel shoe has been fully
withdrawn from the ground.

A further aspect of the presenﬁ invention provides
a mandrel shoe for use with a mandrel for the installation
of vertical drains, an upper end of the mandrel shoe being
securable to the bottom of the mandrel, the mandrel shoe
comprising: a guide channel extending from an aperture in
the upper end of the mandrel shoe to an opening formed in
the lower end of the mandrel shoe, the guide channel being
adapted to direct a 1length of drain from the mandrel
towards and out of the opening; and feed means actuable to
pay out a predetermined length of drain through the opening

as the mandrel shoe is lowered from a position above the
ground towards the ground.



3 It is an object of the present invention to seek to provide a

< mandrel shoe and nethod of installing vertical drains which do not suffer
fromthe above di sadvant ages. Accordi ngly, one aspect of the
present invention provides a nmandrel shoe for the installation of verti cal
drains, the mandrel shoe conprising : a guide channel extending from an
upper end of the mandrel shoe to a side opening forned in a | ower end of
t he mandrel shoe, the guide channel being adapted to direct a | ength of
drain froman upper end of the mandrel shoe towards and out of the side
openi ng, such that an anchoring | ength A drain projects fromthe side

opening to anchor tﬂefgégﬂgrmgégégttgf‘éﬁéngggsent invention provides

a method of installing vertical drains comprising the steps
-of: priming a mandrel shoe with a length of drain; paying
out a predetermined length of drain through an opening in
the mandrel shoe as the mandrel shoe is lowered from a
position above the ground towards the ground; driving the
mandrel shoe into the ground to a predetermined depth;
subsequently withdrawing the mandrel shoe from the ground
to leave the vertical drain embedded in the grouhd.

Another aspect of the present invention provides

a method of installing vertical drains using a mandrel shoe
having cutting means associated therewith, which method
comprises the steps of : priming a mandrel shoe with a
length of drain; driving the mandrel shoe into the ground
to a predetermined depth; subsequently withdrawing the
‘mandrel shoe from the ground to leave the vertical drain
embedded in the ground; and cutting the drain once the
mandrel shoe has been fully withdrawn from the ground, said
cutting means being operable to cut the drain automatically
when the mandrel shoe is clear of the ground.

In order that the present invention may be more
readily understood, embodiments thereof will now be
described, by way of example, with reference to the
accompanying drawings, in which:

FIG. 1 is a schematic side view of a standard
excavator or crane fitted with a stitcher rig for
installing vertical drains; and

FIG. 2 is a cross-sectional side view of a mandrel
shoe embodying the present invention fitted to one
end of a mandrel.



Anot her aspect of the present invention provides a mandrel shoe for use

s Wwth a mandrel for the installation of vertical drains, an upper end of the
mandr el shoe being securable to the bottom of the mandrel, the mandrel shoe
conprising: a guide channel extending froman aperture in the upper end of
t he mandrel shoe to an opening formed in the |l ower end of the nandrel shoe,
t he gui de channel being adapted to direct a |length of drain fromthe
mandrel towards and out of the opening; feed neans actuable to pay out a
predeterm ned | ength of drain through the opening as the mandrel shoe is
| onered froma position above the groundtowards the ground; and cutting
means actuable to cut through the drain as the nandrel shoe is wthdrawn
conpl etely from t heRgPgnggel shoe 1 enbedyingrtheppresent HOvRsRR,

i nvention psgviHenainMHikRee0f2 | Nisd af 11663 VEb! thal ofedl Botawipdrsd NGEt he

anchor i ng TRERRRAEeh 3. qrthe Teperel 2 RTHIRY 419 SRS 1 IToE

mandr el shoef derticglt deain which is to be installed in ground to be
consolidated. The bottom end 3 of the mandrel 2 is fitted
with an internal collar 4 which tapers the inner surface of
the mandrel 2 towards a central aperture 5.

The mandrel shoe 1 comprises an elongate
rectangular housing 6. The top end of the housing 6 is
attached to the bottom end 3 of the mandrel 2. The bottom
end of the housing 6 is fitted with a pointed driving head

7 having a knife edge 8 suitable for cutting through ground
to be consolidated.

The driving head 7 is securely bolted to the
housing 6 by bolts 9.

In the embodiment of the mandrel shoe 1 shown in
Figure 2, the mandrel shoe is slightly wider than the
mandrel 2. To assist in easy withdrawal of the mandrel
shoe 1 and mandrel 2 from the ground to be consolidated
once a vertical drain has been installed, the upper surface
of the housing 6 which is stepped out from the mandrel 2 is
provided with a downwardly and outwardly sloped surface 6A
so as to nminimise soil resistance during removal of the
mandrel shoe from the ground to be consolidated. As will
be described in more detail hereinafter, wedge surface 6A
also assists in anchoring a vertical drain in the ground.

The housing 6 is formed with a guide channel 10 .
which is a passageway extending from an aperture 11 in the
top end of the shoe 1, aligned with the central aperture 5
in the bottom end 3 of the mandrel 2. The guide channel 10
terminates in a side opening 12 in the region of the



4 mandrel shoe into the ground to a predeterm ned depth, the anchoring
“length of drain being urged into a position against a side of the mandrel
shoe as the nandrel shoe is driven into the ground; releasing the anchoring
| ength fromthe side of the mandrel shoe to entrap the anchoring length in
the ground such that the vertical drain is anchored in place by the
protrudi ng anchoring | ength; and subsequently w thdrawi ng the mandrel shoe
fromthe ground. Anot her aspect of the present invention provides
a method of installing vertical drains conprising the steps of : primng a
mandrel shoe with a length of drain; paying out a predetermned |ength of
drai n through, an openiggéin t he mandrel shoe as the mandrel shoe is | owered
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toward the side opening 12. In the region of the driving

"head 7, the guide channel 10 is provided with two bends,
each in the same sense, which direct the guide channel 10
toward the side opening at an angle of approximately 65° to
a vertical surface of the side walls of the housihg 6.

The side opening 12 has an upper surface 13 and a
lower surface 14. The upper surface 13 is contiguous with
the inner surface of the guide channel 10 and curves round
from the guide channel 10 to be flush with the outer
surface of the housing 6. Preferably, the lower surface 14
of the side opening 12 is also contiguous with the inner
surface of the guide channel 10 and is flush with the side
wall of the housing 6. |

The upper surface 13 has a high co-efficient of
friction. Thus, the upper surface 13 may be pitted or have
some form of corrugation transverse to the guide channel 10
thereon. As will be described in more detail hereinafter,
the side opening 12, thus configured, serves as a
releasable retaining means to prevent release of the drain
or withdrawal of a length of drain into the mandrel shoe as
it is driven into the ground.

A substantially vertical shaft 15 is slidably
mounted on the housing 6. One end of the shaft 15 projects
from the top of the housing 6 adjacent to and substantially
parallel with the mandrel 2. The other end of the shaft 16
is located within the housing 6. The end of the shaft 15
inside the housing 6 is formed with a side arm 16, which
extends substantially horizontally from the shaft and

terminates at a position substantially above the side
opening 12. '



subsequently w thdrawi ng the mandrel shoe fromthe ground to | eave the
- vertical drain enbedded in the ground; and cutting the drain once the
mandr el shoe has been fully w thdrawn fromthe ground. . A further
aspect of the present invention provides a mandrel shoe for use with a
mandrel for the installation of vertical drains, an upper end of the
mandr el shoe being securable to the bottom of the mandrel, the nmandrel shoe
conprising: a guide channel extending froman aperture in the upper end of
t he mandrel shoe to an opening forned in the | ower end of the mandrel shoe,
t he gui de channel being adapted to direc8 a length of drain fromthe
mandrel towards and out_  of the opening; and feed neans actuable fo gﬂ% out
e

a predeterm ned | endt WA &% 2fr obFef hdDpaRfngdeRehfE ek EFa is
| over ed frogdwnpasalyofrafovRet 8£46r &A1 6 Oy@cKStHaE €I Dddakle movement

of the shaft 15 within the housing 6 moves the blade 17
relative to the housing 6 towards or away from the side
opening 12. At its extreme of downward movement, the shaft
15 causes a cutting edgé 18 of the blade 17 to pass
completelylover the side opening 12. In this way, the
shaft 15 and associated blade 17 may operate as cutting
means to cut through the drain. The shaft 15 is spring
loaded so as to be biased towards a position in which the
blade 17 is in its uppermost position and the maximum
distance away from the side opening 12.

The shaft 15 is spring loaded by a tension spring
25 which surrounds a portion of the shaft 15 with
respective ends of the spring 25 being secured to an inner
surface of a top plate of the housing 6 and a stop 25
formed on the shaft 15, to bias the shaft 15 upwardly.

Inside the housing 6, the side of the shaft 15
makes contact with a drive roller 19. The sliding movement
of the shaft 15 causes the drive roller 19 to rotate. The

- drive roller 19 is connected to a larger feed roller 20 by
a one-way gear mechanism (not shown) which operates as a
releasable coupling'means. The one-way gear mechanism de-
couples the  driving force of the drive roller 19 from the
feed roller 20 when the shaft is moved downwards with
respect to the housing 6, causing the drive roller 19 to
rotate in an anti-clockwise direction. When the shaft 15
slides upwardly with respect to the housing 6, moving the
blade 17 away from the side opening 12, the drive roller 19
is rotated in a clockwise direction, and the one-way gear
mechanism couples the drive roller 19 to the feed roller 20
causing the feed roller 20 to rotate in a clockwise
direction. An outer surface of the feed roller 20 projects



5 A further aspect of the present invention provides a nethod of
<installing vertical drains conprising the steps of: primng a mandrel shoe
with a length of drain; paying out a predeterm ned | ength of drain through
an opening in the mandrel shoe as the mandrel shoe is |lowered froma
positi on above the ground towards the ground; driving the mandrel shoe into
the ground to a predeterm ned depth; subsequently w thdraw ng the mandrel
shoe fromthe ground to | eave the vertical drain enbedded in the ground.
Anot her aspect of the present invention rovides a method of installing
vertical drains using a mandrel shoe I ng cuttlng means associ at ed
theremﬁth whi ch et hod
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A smaller window 22 is situated directly opposite
the roller window 21. A small idler roller 23 projects
through the smaller window 22 into the guide channel 10.
The idler roller 23 is freely rotatable, As will
subsequently became apparent, the shaft 15, drive roller
19, feed roller 20, idler roller 23, and the one-way gear
mechanism operate as a feed means.

The rig upon which the mandrel 2 and mandrel shoe
1 are mounted is provided with a horizontally projecting
plate 30. The plate 30 abuts the mandrel 2 and is located
directly above the top end of the shaft 15 projecting from
the mandrel shoe housing 6 such that the plate 30 can come
into contact with the end of the shaft 15 as the mandrel
shoe 1 is raised, (as will be described hereinafter), so as
to push the shaft 15 downwardly relative to the housing 6,
and cause the blade 17 to move towards the side opening 12.

In operation, a vertical drain which comprises a
plastics corrugated core and a synthetic filter is provided
on a reel held on the crane or rig. The drain is fed from
the rig into the top of the hollow mandrel 2 and down along.
the length of the mandrel 2 to the bottom end 3 of the
mandrel. The drain is fed through the internal collar 4
and out of the mandrel. Since the mandrel shoe abuts the
bottom end 3 of the mandrel 2 and the apertures 5 and 11
are co-aligned, the vertical drain also passes into the
mandrel shoe housing 6 and into the guide channel 10. The
drain comes into contact with the feed roller 20 and the



In order that the present invention nmay be nore readily understood,

enbodi nents thereof will now be described, by way of exanple, with
reference to the acconpanying draw ngs, in which: FIG 1is a
schematic side view of a standard excavator or crane fitted with a
stitcher rig for installing vertical drains; and ' FIG 2
IS a cross-sectional side view of a nmandrel shoe enbodyi ng the
present invention fitted to one end of a mandrel
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idler roller 23 projecting into the guide channel through
respective windows 21,22 and is pushed through the
remainder of the guide channel 10 until the drain projects
from the side opening 12. A length of drain, termed the
anchoring length, in the region of 200 mm, is pulled out of
the mandrel shoe 1. It is preferable for the anchoring
length to exceed the vertical distance between the side
opening 12 and the wedge surface 6A. Having primed the
mandrel shoe 1 in this manner, the mandrel 2 is driven into
the ground by the rig. Because the driving head 7 of the
mandrel shoe 1 is pointed, the mandrel shoe 1 cuts easily
through the soil, certainly more easily than conventional
flat plated mandrels fitted with anchor plates.

As the mandrel shoe 1 is driven into the soil, the
anchoring length of drain projecting from the side opening
12 is urged into a position against the outer surface of
the mandrel shoe 1, such that a section of the anchoring
length extends past the wedge surface IGA. The high .
friction present between the drain and the upper surface 13
of the side opening 12 prevents release of the drain during
the downward motion of the mandrel. The friction also

prevents the drain from slipping back into the mandrel shoe
1.

When the required depth has been reached, the
mandrel 2 is drawn back up by the rig. Upward vertical
movement of the wedge surface 6A urges earth (typically
soil or soft clay) between the anchoring length of drain
and the housing 6, such that the anchoring 1length
projecting from the mandrel shoe, is forced away from the
mandrel shoe 1 and becomes entrapped by the surrounding
soil and is pulled away from the high friction surface 13
by this initial movement of the mandrel -2 back up through
the soil. Since there is no longer a high degree of



6 A mandrel shoe 1 enbodying the present invention, as shown in

- Figure 2, is fitted to the open bottomend of a mandrel 2. The mandrel 2 is
hol | ow and contains a |length of vertical drain which is to be installed in
ground to be consolidated. The bottomend 3 of the mandrel 2 is fitted with
an internal collar 4 which tapers the inner surface of the mandrel 2
towards a central aperture 5. The mandrel shoe 1 conprises

an elongate rectangul ar housing 6. The top end of the housing 6 is
attached to the bottomend 3 of the hanqﬁgl 2. The bottom end of the
housing 6 is fitted with a pointed drivi head 7 having a knife edge 8

il table, b SULLE0 LGRS BEBUALLIA DEndOBRE Rl Capening 12, B |,

t he enbodi rrdnamf ishefeﬂndf:eéekho&hrosigmnthe mandre R, shibe nhnaisel théoe i s

slightly “‘ﬂ%ha&%ﬁ“éﬂﬁé 1 is drawn back up through the soil. The
anchoring length of the drain initially projecting from the
mandrel shoe 1 thereby acts as an anchor means.

When the mandrel shoe is withdrawn fully from the
soil, the shaft 15 is brought into contact with the plate
30 projecting from the rig. As the mandrel shoe 1
continues to rise, the plate 30 depresses the shaft 15 into
the housing 6 causing the blade 17 to move towards the side
opening 12 and eventually causing the cutting edge 18 to
cut through the drain at the side opening 12. This action
cuts through the drain at a position above ground level to
leave a portion of the installed drain projecting from the
soil, and an exposed end of un-installed drain located in
the mandrel shoe at the side opening 12. In this way, the
shoe drain is cut automatically when the mandrel is clear
of the ground.

The rig can now be moved to the next point at which
a vertical drain is to be installed. The vertical drain is
located above the appropriate point and the mandrel shoe 6
is lowered. As the mandrel shoe 1 is lowered, the shaft
15, which is spring loaded, initially remains in contact
with the plate 30 such that the blade 17 moves back away
from the side opening 12 toward the top of the mandrel shoe
1. As the mandrel shoe 1 moves relative to the initially
stationary shaft 15, the shaft causes rotation of the drive
roller 19 in a- clockwise direction and, since the feed
roller 20 is coupled to the drive 19 by the one-way gear
mechanism, also causes rotation of the feed roller 20. The
surface of the feed roller 20 projecting through the window
21 is in contact with the vertical drain remaining in the
guide channel 10. The clockwise rotation of the feed



mandrel 2. To assist in easy withdrawal of the mandrel shoe 1 and mandrel
- 2 fromthe ground to be consolidated once a vertical drain has been

i nstall ed, the upper surface of the housing 6 which is stepped out fromthe
mandrel 2 is provided with a downwardly and outwardly sl oped surface 6A so
as to mnimse soil resistance during renoval of the mandrel shoe fromthe
ground to be consolidated. As will be described in nore detail hereinafter,
wedge surface 6A also assists in anchoring a vertical drain in the ground.
The housing 6 is formed with a guide channel 10 which is a passageway
‘extending froman aperture 11 in the top2end of the shoe 1, aligned with

the central aperture 5 in the bottomend 3 of the ndrel 2. ,The gui de
channel'10qﬂ%#ﬁ?mﬁ%sf?ﬁcﬁssPH@tﬁﬁénﬂﬂfnﬁfﬁqgt}ﬁpggﬁl ﬁ gradpe out of

the guide channel 10 as the mandrel shoe 1 moves downwardly
with the shaft 15 still stationary and in engagement with
the plate 30. The length of the shaft and the gear ratio
between the drive roller 19 and the feed roller 20 result
in a length of drain in the order of 200 mm being fed out
of the mandrel shoe 1 as the shaft 15 moves back relative
to the housing 6 until such time as the shaft 15 is in its
uppérmost position relative to the housing and disengages
from the plate 30:. This automatic action thereby provides
the mandrel shoe 1 with the next anchoring length of drain

for use as the anchoring means for the next installation of
vertical drain.

In preferred embodiments of the mandrel shoe, the
side opening 12 is provided with a membrane sheath or other
sealing means to ensure that the internal workings of the
mandrel shoe 1 are fully sealed from the soil to prevent

water or the like from penetrating through the side opening
12 into the housing 6.

The flush jointing system between the mandrel shoe
1 and the mandrel 2 creates minimum soil resistance during
penetration and withdrawal.

One of the side walls of the housing 6 can be

opened to allow easy access to the internal workings of the
mandrel shoe.

It should be noted that the preferred embodiment of
the mandrel shoe is entirely self contained and does not
require any electrical or hydraulic power to carry out the
steps of cutting the drain and feeding an appropriate
length of drain out of the mandrel shoe. Of course, it is
envisaged that separate means for cutting the drain or



7 driving head 7. Fromthe aperture 11, the guide channel 10 is directed

- substantially dowwardly -al though slightly toward the side opening 12. In
the region of the driving head 7, the guide channel 10 is provided with two
bends, each in the sanme sense, which direct the guide channel 10 toward the
si de opening at an angle of approximately 65[err] to a vertical surface of
the side walls of the housing 6. ' The side opening 12 has an upper
surface 13 and a | ower surface 14. The upper surface 13 is contiguous with
the inner surface of the guide channel %8 and curves round fromthe guide

. channel 10 to be flush with the outer sdarface of the housing 6. Preferably,
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described i WefAbapigalameans sWaltt @F, spring powered, magnetic or the

like.

It is to be appreciated that whilst the invention
has been described with reference to one specific
embodiment, various modifications could be effected without
departing from the scope of the invention. For example, it
is envisaged that a locking mechanism may be provided to
lock the shaft 15 relative to the mandrel shoe housing 6 to
prevent movement of the blade 17 towards the opening 12 as

“the mandrel is withdrawn from the ground. Such a locking
mechanism may be disengaged once the tip of the shaft 15
emerges from the ground.

It is also envisaged that the side opening may be
located in a sloped face of the pointed driving head of the
mandrel shoe.

Furthermore, it is also envisaged that the
automatic feeding and cutting mechanism of the present
invention may be used on conventional apparatus, in
conjunction with conventional anchor plates. 1In such an
arrangement, workers would still have to secure an anchor
plate to the bottom of the next drain to be installed, but
as the mandrel is retrieved, the drain could automatically
be cut to a desired length, and the next length of drain
would be partially fed out ready for connection to an.
anchor plate. In such an embodiment the guide channel
could be straight.

It 1is envisaged that the mandrel shoe of the
present invention may be formed integrally with a mandrel.



the side opening 12, thus configured, serves as a rel easabl e retaining
means to prevent release of the drain or withdrawal of a |l ength of drain
into the mandrel shoe as it is driven into the ground. A
substantially vertical shaft 15 is slidably nounted on the housing 6. One
end of the shaft 15 projects fromthe top of the housing 6 adjacent to and
substantially parallel with the mandrel 2. The other end of the shaft 15 is
| ocated within the housing 6. The end of the shaft 15 inside the housing 6
is formed with a side arm 16, which extends substantially horizontally from

the shaft and termi nates at a position 3dbstantially above the side opening
12.

Additionally, a conventional mandrel could be provided with
a side opening so that the vertical drain can be anchored
by a length of the vertical drain projecting from the side
opening in the mandrel. Such a modified mandrel should
preferably also be provided with a pointed head to ease its
passage through the ground. For such a modified mandrel,
the guide channel comprises the internal channel of the

mandrel and its entry into the side opening formed in the
mandrel.



A blade 17 is fixed to and depends vertically dowwardly fromthe side arm
- 16 such that slidable novenent of the shaft 15 within the housing 6 noves
the blade 17 relative to the housing 6 towards or away fromthe side
opening 12. At its extrenme of downward novenent, the shaft 15 causes a
cutting edge 18 of the blade 17 to pass conpletely over the side opening
12. In this way, the shaft 15 and associ ated bl ade 17 nay operate as
cutting nmeans to cut through the drain. The shaft 15 i spring loaded so as_
to be biased towards a position in which_the blade 17 is_in |t r .
position and the maxi mum di stance away ??on1the si de op Hgﬁiﬂ%%a{"

The shaft %Eﬁéﬁ%ggrlng | oaded by a tension spring 25 mhlc

portion of ft 15 with respective ends of the sprln ured
to an inner surface of a top plate of the housing 6 and a stop 25 forned on
the shaft 15, to bias the shaft 15 upwardly. I nsi de the housing

6, the sideyof the ghafdngl%™kRSeCFHACEnY ihstANME P! bET vibtildif)

sliding novenent of the shaft 15 causes the drive roller 19 to rotate. The

drive roll egrdPnks cHWewa®dried ashaeger c@ﬂ@iﬂs@dg&r a0 Yide channel
extending from an upper end of the mandrel shoe to a side
opening formed in .a lower end of the mandrel shoe, the
guide channel being adapted to direct a length of drain
from an upper end of the mandrel shoe towards and out of

the side opening, such that an anchoring length of drain

projects from the side opening to anchor the drain within

e e MR ARV
) * ¢ - L n H *

2. A mandrel shoe according to claim 1, wherein a

releasable retaining means is provided which is adapted to
prevent movement of the anchoring length from or into the
mandrel shoe as the mandrel shoe ié driven into the ground,
but to allow substantially free passage of the drain
through the mandrel shoe as the mandrel shoe is withdrawn

from the ground.

3. A mahdrel shoe according to claim 2, wherein the
- releasable retaining means comprises an upper surface of
the side opening with a high coefficient of friction, said
ﬁpper surface engaging the drain as the mandrel shoe is
lowered into the ground with sufficient ffiction to prevent
movement of the anchoring length from or into the mandrel

shoe as' the mandrel shoe is driven into the ground, and



a one-way gear nechani sm (not shown) which operates as a rel easable
coupling neans. The one-way gear nechani sm de- couples the driving force of
the drive roller 19 fromthe feed roller 20 when the shaft is noved
downwards with respect to the housing 6, causing the drive roller 19 to
rotate in an anti-clockw se direction. Wien the shaft 15 slides upwardly
with respect to the housing 6, noving the blade 17 a m}ﬂﬂl ”ﬂll‘"ﬁnr#uu
opening 12, the drive roller 19 is rotated in a clock d
t he one-way gear mechani sm couples the drive roller 19 to the feed *rol'l er

20 causing the feed roller 20 to rotatelPn a clockw se direction. An outer
surface of the feed,rol]er roj ects
9 d{gengaglng the dragn és the mandrel shoe is withdrawn from

the ground.

4. A mandrel shoe according to claim 3, wherein said
releasable retaining means further comprises a lower
surface of the side opening with a lower coefficient of
frictiﬁn such that free passage of the drain through the
mandrel shoe is permitted as the mandrel shoe is withdrawn

from the ground.

5. .A mandrel shoe according to claim 3 or 4, wherein

said upper surface is pitted or corrugated transversely to

the guide channel.

6. A mandrel shoe according to any preceding claim,
wherein the upper end of the mandrel shoe is stepped out

from the mandrel by a wedge surface.

7. A mandrel shoe according to any preceding claim,

wherein the mandrel shoe is part of a mandrel.

8. A mandrel shoe according to any preceding claim,
further comprising feed means adapted to pay out a
predetermined length of drain through the opening as the
mandrel shoe is lowered from a position above the ground

towards the ground.
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into the guide channel 10 through a rol I er window 21. The surface of the
- feed roller 20 projecting through the window 21 in the guide channel
therefore is able to nove downwardly with respect to the guide channel 10

but is not able to nove upwardly. A smal | er

directly opposite the roller window 21. A snall idler

through the smaller w ndow 22 into the guide channel (Hmmalllmua“r“m | er
23 is freely rotatable. As wll subsequently became apparemnt,s

shaft 15, drive roller 19, feed roller 20, idler roller 23, and the one way
gear mechani sm operate as a feed means. 17 The rig upon whi ch the
mandrel 2 and mandr el shge are nounted provided with a horlzont%!Iy
projecting Pl ate 3¢ NAR BPété 96 éEEH§QHﬂglﬁﬂuﬁ¥ﬂIQ 8navheredpasad

di I b h d of th h 5 f h h
hLLEF%gyaasﬁ%«?fiiw%e%%ﬁec?%m&séseein%ss% T cshebli KEe  HeVBRRIE the.
haft 15 t nd h d d

ﬁe?einaftgﬁﬁ?{éﬁﬁ¥§ %% Bﬁgﬁg?ﬂgrgﬁa$#g§5aﬂé 8F9Bﬁgl ﬁﬁbepFo hg ﬁbusing

6. and causg-ifie bl gy 1dnt EnlPYE-EQLRT B2 tthe Yrdnapeni ng 12.

10. A mandrel shoe according to claim 9, wherein said
feed means .further comprises releasable coupling means
adapted to couple the shaft to the drain to pay out. the
drain as the shaft is moved in one direction, and to de-
couple the shaft from the drain so that no movement of the
drain results from movement of the shaft in the opposite

direction.

11. A mandrel shoe according to claim 10, wherein said
- releasable coupling means comprises a feed roller, the feed

roller being engageable with the drain.

12. A mandrel shoe according to claim 11, wherein the
feed means further comprises an idler roller, the idler

roller being engageable with the drain.

13. A mandrel shoe according to claim 11 or 12, further
comprising a drive roller in engagement with the shaft, and
wherein said releasable coupling means comprises a one-way

gear mechanism connecting the drive roller to the feed

roller.
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In operation, a vertica[ drain which conprises a plastics corrugated core
-and a synthetic filter is provided on a reel held on the crane or rig. The
drain is fed fromthe rig into the top of the holl ow mandre

along the length of the mandrel 2 to the bottomend 3 of the mandrel. The
drain is fed through the internal collar 4 and out of Eyﬁqughkwﬁmmce
t he mandrel shoe abuts the bottomend 3 of the nandre tures
5 and 11 are co-aligned, the vertical drain also passe mﬁm%rel
shoe housing 6 and into the guide channgé 10. The drai ntact

with the feed roller 20 and the

i dl er roIIer 23 prq&ectlng i.nto the guide, channel through
mandrel shoe according to any preéeceding clalm,

further comprising cutting means actuable to cut through
the drain as the mandrel shoe is withdrawn completely from

the ground.

15. A mandrel shoe according to claim 14, wherein said

cutting means is actuable to cut through the drain at a

O R O 1

16. A mandrel shoe according to claim 14 or claim 15,

position above ground level.

wherein said cutting means comprises a shaft, the shaft
being moveable relative to the mandrel shoe and engageable

with part of a crane or rig on the surface of the ground.

17. A mandrel shoe according to claim 16, wherein said
cutting means comprises a blade associated with the

moveable shaft, the blade being moveable across said

opening.

18. A mandrel shoe for use with a mandrel for the
installation of vertical drains, an upper end of the
mandrel shoe being securable to the bottom of the mandrel,
the mandrel shoe comprising: a guide channel extending from
an aperture in the upper end of the mandrel shoe to an
opening formed in the lower end of the mandrel shoe, the
guide channel being adapted to direct -a length of drain

from the mandrel towards and out of the opening; feed means



respective wndows 21,22 and is pushed through the remainder of the
- gui de channel 10 until the drain projects fromthe side opening 12. A

| ength of drain, terned the anchoring length, in the region of 200 mMm is
pul l ed out of the mandrel shoe 1. It is preferable for the anchoring

| ength to exceed the vertical distance between the side opening 12 and the
wedge surface 6A. Having prinmed the mandrel shoe 1 in this nmanner, the
mandrel 2 is driven into the ground by the rig. Because the driving head 7
of the mandrel shoe 1 is pointed, the mandrel shoe 1 cuts easily through
the soil, certainly nore easily than coh¥entional flat pl ated mandrel s
fitted wth anc 1.i.S Lven.into

| ) h dr el h
t he soi ld 13 %%L%P‘F%ayaﬁérﬂ% %Prﬁ%ﬁéﬁe&ﬁ&%&%ﬁﬁ Ffrain Irmh Y ng 12
. . rri . ' :
such ¢ ﬁﬁt | %Er‘g’%i?ﬁ%ﬁi%% "o %Q’ﬁ%ﬁﬁél?%ﬁé{:hi%Q??ﬁ%%gsaiff%%“h”%n%’%glﬁeﬁff ace
6A. T i LCti L 4. t 13
o the o qehBluLl e S0rBEE " HoulSdIE CBnb NGt A0 \bERRG e

mots on of 128 BEfEC ko cuthGiFdEdH Ofnd! 8RaRhC W ¢hd NRaaREl EHOD Sd PPI NG

back into the nmandrel shoe 1. en the required depth een
reached, th@ithdrawn completely from the ground.

19. A mandrel shoe according to claim 18, wherein said
feed means comprises a shaft, the shaft being moveable

relative to the mandrel shoe and engageable with part of a

crane or rig on the surface of the ground. “"l“l “II" III" “Ill “ I“l 5
. * C L ] s * :

20. A mandrel shoe according to claim 19, wherein said

feed means further comprises releasable coupling means
adapted to couple the shaft to the drain to pay out the
drain as the shaft is moved in one direction, and to de-
couple the shaft from the drain so that no movement of the

drain results from movement of the shaft in the opposite

direction.

21. A mandrel shoe according to claim 20, wherein said
releasable coupling means comprises a feed roller, the feed

roller being engageable with the drain.

22, A mandrel shoe according to claim 21, wherein the

feed means further comprises an idler roller, the idler

roller being engageable with the drain.

This Sheet Has Been Replaced

L




nﬁndrel 2 is drawn back up by the rig. Upward vertical novenent of the
. wedge surface 6A urges earth (typically soil or soft clay) between the

anchoring length of drain and the housing 6, such that the anchoring length
projecting fromthe nmandrel shoe, is forced away fromthe mandrel shoe 1

and becones entrapped by the surrounding soil and is dh&dnaRn Hepeemit he
high friction surface 13 by this initial novenent of t ck up
t hrough the soil. Since there is no |l onger a high de Hﬂmm‘ ﬂﬂm
friction between the drain and the side opening 12, th freely
through the mandrel shoe 1 as the mandréf shoe 1 is drawn back up through

the soil. The anchorlng | ength of the drain |n|t|aII¥ projecting fromthe
23 mandrel shoe according to claim 21 or claim 22,

further comprising a drive roller in engagement with the
shaft and wherein the releasable coupling means comprises

a one-way gear mechanism connecting the drive roller to the

feed roller.

24. A mandrel shoe according to ahy one of claims 18 to
24; wherein said cutting means is actuable to cut through

the drain at a position above ground level.

25. A mandrel shoe according to any one of claims 18 to
24, wherein said cutting means comprises a shaft, the shaft
being moveable relative to the mandrel shoe and engageable

with part of a crane or rig on the surface of the ground.

26. A mandrel shoe according to claim 25, wherein said
cutting means comprises a blade associated with the

moveable shaft, the blade being moveable across said

——

R R

27. A mandrel shoe-according to any preceding clainm,

opening.

further comprising a substantially pointed driving head.

28. A method of installing vertical drains comprising
the steps of: priming a mandrel shoe with a length of drain
such that an anchoring length of drain projects

substantially sideways from the mandrel shoe; driving the



mandrel shoe 1 t hereby acts as an anchor neans. When t he mandre
shoe is withdrawn fully fromthe soil, the shaft 15 is brought into contact
with the plate 30 projecting fromthe rig. As the mandrel shoe 1

continues to rise, the plate 30 depresses the shaft~&5—+ﬂ%ﬁ~%he—heus+ﬁg 6
causing the blade 17 to nove towards the side openin

causing the cutting edge 18 to cut through the drai n lmmml"jm $ |ng
12. This action cuts through the drain at a position above groun evel to

| eave a portion of the installed drain gapjectlng fromthe soil, and an
exposed end of un-installed drain |ocat in the mandrel shoe at the side

K m@wﬂmaﬁﬁyngﬁa%w
. i T
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As the mandigl, ;! Q:ealéﬁ%é Oafreﬂ% ﬁﬂﬁa? gf &@g Suctmhat rgﬁréggsﬁ&égggmes

initially r Rl s 1 1 CONtact Wt e plate | ade

back away fGQ@NEHPl%kQBtﬁEePtBGn32 i@ﬂ@ég1haeth8paﬂéhb?fngaﬂéﬁéthSPPSm1 As
the mandrel shoe 1 noves relfative to the initially stationary Shaft 15, the
shaft causegneddlde0BfOthkhRaflirk® shoe to entrap the anchoring length

in the ground such that the vertical drain is anchored in

place by the protruding anchoring length; and subsequently

withdrawing the mandrel shoe from the ground.

29. A method according to claim 28, wherein the step of
priming the mandrel shoe includes the step of feeding the
anchoring length through a side opening in the mandrel

shoe.

30. A method according to claim 29, wherein the
anchoring length is held in position with respect to the
mandrel shoe due to a frictional force between the side
opening and the drain, the frictional force being
sufficient to prevent movement 6f the anchoring length from
or into the mandrel shoe as the mandrel shoe is driven into

the ground.

31. A method according to any one of claims 28 to 30,
wherein said step of releasing the anchoring length from

the side of the mandrel shoe is effected by upwards

movement of the mandrel shoe.
This Sheet Has Been Replaced

(RN



roller 19 in a clockw se direction and, since the feed roller 20 is coupled

- to the drive 19 by the one-way gear nechani sm al so causes rotation of the
feed roller 20. The surface of the feed roller 20 projecting through the

wi ndow 21 is in contact with the vertical drain remaining in the guide

channel 10. The cl ockwi se rotation of the feed

12 roller 20 forces another anchoring |l ength of drain ou ' '
channel 10 as the mandrel shoe 1 noves downwardly vvith'th%lm ll [Iﬂﬂﬂ f"um
stationary and in engagenent with the plate 30. The | ength=+ofe s d
the gear ratio between the drive roller2d9 and the feed roller 20 result in
a length of drain in the order of 200 nmbeing f.ed t of . the .mandrel, shoe
T as the sRA 15 fovabyid Aseardand to Hafi 3, Cunckeii "l

upwards movement of the mandrel shoe drives earth between

the anchoring length and the mandrel shoe.

33. A method according to any one of claims 28 to 32,
wherein the or each anchoring 1length of drain is

approximately 200mm in length.

34. A method according to any one of claims 28 to 33,
further comprising the step of paying out the anchoring
length of drain from the mandrel shoe as the mandrel shoe

is lowered from a position above the ground towards the

ground.

35. A method according to claim 34, wherein said paying
out step is effected by movement of a moveable shaft
relative to the mandrel shoe, the shaft engaging part of a

crane or rig on the surface of the ground.

36. A method according to any one of claims 28 to 35,
comprising the further step of cutting the drain once the

mandrel shoe has been fully withdrawn from the ground.

37. A method according to claim 36, wherein the drain
is cut at a position above ground level to leave a length

of the installed drain protruding from the ground.

N




to the housing 6 until such tine as the shaft 15 is in its uppernost
> position relative to the housing and di sengages fromthe plate 30. ThIS
automatic action thereby provides the nandrel shoe 1 “Wwith the ne

anchoring length of drain for use as the anchoring ne S for the next

installation of vertical drain. In preferte ﬁ@gq&kmthe
mandrel shoe, the side opening 12 is provided with a
ot her sealing neans to ensure that the internal worki

| r

shoe 1 are fully sealed fromthe soil tg prevent meter or the
penetrating through the side opening 123 nto the housi ng 6.

i i mu S0 os) SCoECHA | 4G PORERPAERSn VARG AR b efrém@gtlgtiéi%&at of
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I nt er nal mogklngs
the prefer@?&fﬂ?“ﬁﬁf@ﬁﬁ it a predetermined length of drain through

an opening in the mandrel shoe as the mandrel shoe is
lowered from a position above the ground towards the
ground; driving the mandrel shoe into the ground to a
predetermined depth; subsequently withdrawing the mandrel
shoe from the ground to leave the vertical drain embedded
in the ground; and cutting the drain once the mandrel shoe

has been fully withdrawn from the ground.

39. A method according to claim 38, wherein said paying
out step is effected by movement of a moveable shaft
relative to the mandrel shoe, the shaft engaging part of a

crane or rig on the surface of the ground.

40. . A method according to claim 38 or claim 39, wherein
the drain is cut at a position above ground level to leave

a length of the installed drain protruding from the ground.

41. A method according to any one of Claims 38 to 40
comprising the step of fixing anchor means to the

predetermined length of drain paid out from the mandrel
shee: ) A OV
[ L

42. A mandrel shoe for use with a mandrel for the

installation of vertical drains, an upper end of the

The

t he

t hat



the mandrel shoe is entirely self contained and does not require any

el ectrical or hydraulic power to carry out the steps of cutting the drain
and feeding an appropriate |length of drain out of the mandrel shoe O
course, it is envisaged that separate neans for cutti in or

13 creating an anchoring neans fromthe drain can be |nplenented u%lng,
for exanple, hydraulics, pneunatics, el ectronechani¢gShea m ace

el ectronic, notorised, other macha_nl cal means such aamm

magnetic or the |ike. It is to be appreciat the

i nvention 24
mandrel shoe being segurable to the bottom of the mandrel,
the mandrel shoe comprising: a guide channel extending froﬁ
an aperture in the upper end of the mandrel shoe to an
opening formed in the lower end of the mandrel shoe, the
guide channel being adapted to direct a length of drain
from the mandrel towards and out of the opening; and feed
means acfuable to pay out a ﬁredetermined length-of drain
through the opéning as the mandrel shoe is lowered from a
position above tpe ground towards the ground.

¢

43. A method of installing vertical drains comprising
the steps of: priming a mandrel shoe with a length of
drain; paying out a predetermined length of drain thfough
an opening in the mandrel shoe as the mandrel shoe is
lowered from a position above the ground towards the
ground; driving the mandrel shoe into the ground to a
predetermined depth; subsequently withdrawing the mandrel

shoe from the ground to leave the vertical drain embedded

) 0 A O i

44, A mandrel shoe for use with a mandrel for the

in the ground.

installation of vertical drains, an upper end of the
mandrel shoe being securable to the bottom of the mandrel,
the mandrel shoe comprising : a guide channel extending
from an aperture in the upper end of the mandrel shoe to an
opening in the lower end of the mandrel shoe, the guide

channel being adapted to direct a length of drain from the



has been described with reference to one specific enbodi ment, various

- nodi fications could be effected without departing fromthe scope of the

i nvention. For exanple, it is envisaged that a | ocking nechani sm may be
provided to |l ock the shaft 15 relative to the mandrel shoe housihrg—6-to
prevent novenment of the blade 17 towards the opening | is
w thdrawn fromthe ground. Such a | ocking nechanism |Fﬂ|lmiuawgm once
the tip of the shaft 15 emerges fromthe ground. + ¢ dUwSsalso

envi saged that the side opening may be Igcated in a sloped face of the
poi nted driving head of the mandrel shoé: Furthernore, it is also

Cnvent ton rEBRAEShs HVARCE0 R ATE aper abeaindE R Hhing e
convent i onal, 32g€0gr o A& tP{éBFQHtC h"cé?égoﬁéfﬂggge@he “R%Kg%él""%%{'g‘lb?é 2

have to secure~an anchor pl a om of the nex rain

installed,anEha§agHFc Pﬂ?ggﬁgsf&%h(Hﬁ*@ﬁgﬁgﬁﬁigrain could automatically

be cut to esire eng t he next of drain would be partially
fed out ready for connection to an anchor plate. In such an enbodi nent the
gui de channel could be straight.

45, A method of installing vertical drains using a

mandrel shoe having cutting means associated therewith,
which method comprises the steﬁs of : priming a mandrel
shoe with a length of drain; driving the mandrel shoe into
.the ground to la predetermined depth; subsequently
withdrawing the mandrel shoe from the ground to leave the
vertical drain embedded in the ground; and cutting the
drain once the mandrel shoe has been fully withdrawn from
the ground, said cutting meéns being operable to cut the
drain automatically when the mandrel shoe is clear of the

ground.

46. A mandrel shoe substantially as herein described
with reference to and as shown in the accompanying

drawings.

47. A method of installing vertical drains

substantially as herein described.

48. Any novel feature or combination of features

disclosed herein.
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It is envi saged that the mandrel shoe of the present invention may be
. formed integrally with a mandrel.

14 Additionally, a conventional nandrel could be provided with a side
opening so that the vertical drain can be anchored by a | ength of the
vertical drain projecting fromthe side opening in the mandrel. Such a
nodi fi ed mandrel should preferably also be provided with a pointed head to
ease its passage through the ground. For such a nodified mandrel, the guide

channel conprises the internal channel of the mandrel and its entry into
the side opening fornmed in the

ABSTRACT

"A Mandrel Shoe"

A mandrel shoe for the installation of vertical drains.
The mandrel comprises a guide channel extending frbm an
upper end of the mandrel shoe to a side opening formed in
a lower end of the mandrel shoe. The guide channel is
adapted to direct a length of drain from an upper end of
the mandrel shoe towards and out of the side opening. 1In
this way, an anchorihg length of drain projects from the

side opening to anchor the drain within the ground.

-
FIGURE. 2
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mandr el . 15 CLAI MVE: 1.
A.mandrel shoe (1) for use with a mandrel (2) for the installation of
vertical drains, an upper end of the nmandrel shoe (1) being securable to
the bottom (3) of the mandrel (2), the nmandrel shoe (1) conprising: a guide
channel (10) extending froman aperture (11) in the upper end of the
mandrel shoe (1) to an opening (12) forned in the | ower end of the mandrel
shoe (1), the guide channel (10) being adapted to direct a length of drain
fromthe mandrel shoe (1) towards and out of the opening (12); feed neans
actuable to pay out a predeterm ned anchoring |length of drain through the
opening (12) under the action of the Iywhdrel shoe (1) being lowered froma
position above the ground towards the ground; and cutting neans actuable to
cut through the drain as the mandrel shoe (1) is qithdrgwn ghnpletely from
t he ground. 2. A mandrel shoe accordi lisher ei n sai d
feed neans ﬁ
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conprises a shaft (15), the shaft (15) being noveable relative to the
mandrel shoe (1) and engageable wth part of a crane or rig on the surface
of the ground. 3. A mandrel shoe according to Caim2, wherein said
feed means further conprises rel easabl e coupling nmeans adapted to couple
the shaft (15) to the drain to pay out the drain as the shaft is noved in
one direction, and to de-couple the st (15) fromthe drain so that no
novenent of the drain results fromnovenent of the shaft (15) in the
opposite direction. 4, A mandrel shoe according to Caim3, wherein
sai d rel easabl e coupl i ng means conpr st a fegqdyroller (20), the feed
s

roller (20) being engageable wthn the {drain. 5. A nandrg% shoe
according to Claim4, wherein the fged} neans fluft her co (SES i dl er
roller (23), the idler rolTe® (Z3 YEi hg engadedble with e drain.
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16 6. rding to Claim4 or 5, further -conprising a
drive roller (1Fﬂﬂ m Emmﬁwlth the shaft (15) and wherein the
kN

rel easabl e coup gc neanst CeNprl ses a one-way gear mechani sfirecenpgecti ng the

drive roller (19) to the feed roller (20). 7. A mandr el shoe
according to any preceding claim whert?n said cutti ng nmeans i s¥actuable to
cut througChAEMS:ai n at a position above ground |evel. 8. A

mandr el shoe according to any preceding claim wherein said cutting neans
conprises a shaft (15), the shaft (15) bei ng noveabl e rel ative to the

dr el 1 th t | f
of ‘the grodnd. o MARRELY it & nfief P, R S dpaiudch 87 22
tt | ft
(15). "Tho. DRgar s ﬁs%veam e %@?@%W?&w

nmandrel sh(3) of sl ehanalrdlo(2)nthepmendrd l;boa: () comprisingrea ginde chairmey (10)
substantially pointed driving head

extending from an aperture (11) i m the upper end of the mandrel shoe (1) to an

opening (12) formed in the lower end of.,,_the mandrel shoe (1), the guide channel

(10) being adapted to direct a length of dlmn from the mandrel shoe (1) towards

and out of the opening (12); feed mcans.' actuable to pay out a predetermined

anchoring length of drain through the opening (12) under the action of the mandrel

shoe (1) being lowered from a position above the ground towards the ground; and

:' cuttiﬁg means actuable to cut through the drain as the mandrel shoe (1) is

+ withdrawn completely from the ground.

2. A mandrel shoe according to Claim 1, wherein said feed means
| comprises a shaft (15), the shaft (15) being moveable relative to the mandre! shoe

(1) and engageable with part of a crane or rig on the surface of the ground.

3. A mandrel shoe according to Claim 2, wherein said feed means further
comprises releasable coupling means adapted to couple the shaft (15) to-the drain
to pay out the drain as the shaft is moved in one direction, and to de-couple the
shaft (15) from the drain so that no movement of the drain results from movement
of the shaft (15) in the opposite direction.

4. A mandrel shoe according to Claim 3, wherein said releasable coupling
means comprises a feed roller (20), the feed roller (20) being engageable with the
drain.

5. A mandrel shoe according to Claim 4, wherein the feed means further

comprises an idler roller (23), the idler roller (23) being engageable with the drain.
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11. A mandrel shoe according to any preceding claim wherein a

rel easabl e retaining neans i s provided which is adapte 0 prevent novenent
of the anchoring length fromor into the mandrel shoﬁlﬂ"”"ﬁﬁ“l”ﬂmﬂMrel
shoe (1) is driven into the ground, but to allow sub assage
of the drain through the mandrel shoe (1) as the mandfel® shoe™(1} i% .

w t hdrawn fromthe ground. 12. Abmandrel shoe according to Claim

11, wherein the rel easabl e retaining, neans (;[(K)lgri ses an upper_ surface (13)
of the side ®pening Arandiek shog ascondingoter Cladmehor & fynthericomprisingia doiver

a1 oundw t  TOHF () CoBFedhedl Wit s BaliSH B SfFeitthe reasdbfe ity ' "
Shoo (1) 15 DFPRCOTRES a deRAY el bR IMAC AR dnly 1t (15) 2T ©

mandr el shoefegd kollér (203.hdr awn from the ground.

7. A mandrel shoe according to any preceding claim, wherein said cutting
means is actaable to cut through the drain at a position above ground level.

8. A mandrel shoe according to any preceding claim, wherein said cutting
means comprises a shaft (15), the shaft (15) being moveable relative to the mandrel

shoe (1) and engageable with part of a crane or rig on the surface of the ground.

9. A mandrel shoe according to Claim 8, wherein said cutting means
comprises a blade (17) associated with the moveable shaft (15), the blade (17)

being moveable across said opening (12).

10. A mandrel shoe according to any preceding claim, further comprising a
substantially pointed driving head (7).

11 A mandrel shoe according to any preceding claim, wherein a releasable
retaining means is provided which is adapted to prevent movement of the
anchoring length from or into the mandrel shoe (1) as the mandrel shoe (1) is
driven into the ground; but to allow substantiaﬂly free passage of the drain through
the mandrel shoe (1) as the mandrel shoe (1) is withdtawn from the ground.

12. A mandrel shoe according to Claim 11, wherein the releasable retaining
means comprises an upper surface (13) of the side opening (12) with a high
cocfficient of friction, said upper surface (13) engaging the drain as the mandrel

shoe (1) is lowered into the ground with sufficient friction to prevent movement of
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13. A mandrel shoe according to Caim 12, wherein said rel easabl e
retaining nmeans further conprises a | ower surface (14)y—of the side opening
(12) with a lower coefficient of friction such that frﬂmmm‘“amu]mmm
drain through the mandrel shoe (1) is permtted as the S
wi t hdrawn from the ground. 14. A mandrel shoe acéordliny t &ai'm 12
or 13, wherein said upper surface (13) 1i7s pitted or corrugated transversely
to the gui de channel (10). 15. A mandrel shoe according to any
precedi ng cheianchovivey bngthtﬂnemmrpﬂto éusdnmdrtmonﬂrh)ineﬂlesmedl(cl‘fM%(Btlépped
out fromthe mandrel (2) by, a ge surface rel shoe
accor di ng t@lv&ﬁyllﬁ?ébécﬂfﬂ'glqal% m&% r?érg\e %gre 1sﬁ°Fn2<]Salrst of a
mandrel (2). od of installing vertical drains conpri si ng
the steps o“Vl ‘E)rfl&m%%mathwg shoe (1) with a length of drain; paying out
a predeterm ned anchoring |length of "drain through an opening (12) in the
mandrel shoe (1) under the action of the mandrel shoe (1) being | owered

from a posil3d.on abope mdndre]r shoed accondings ta Helaim ol2,d wheseini sajdt teleasablgr el

shoe (1) into,the ground to a predeterm ned dept
(1) retaining rgleans ther cor%pnscs a lower sux‘gace a4) of the side opening (12)

with a lower coefficient of fiiction such that free passage of the drein through the
mandrel shoe (1) is pemmitted as the mandrel shoe (1) is withdrawn from the
ground.

14, A mandrel shoe according to Claim 12 or 13, wherein said upper

surface (13) is pitted or corrugated transversely to the guide channel (10).

15. A mandrel shoe according to any preceding claim, wherein the upper
end of the mandrel shoe (1) is stepped out from the mandrel (2) by a wedge surface
(6A).

16. A mandrel shoe according to any preceding claim, wherein the mandrel

shoe (1) is part of a mandrel (2).

17. A method of installing vertical drains comprising the steps of : priming
a mandrel shoe (1) with a length of drain; paying out a predetermined anchoring
length of dr'ain through an opening (12) in the mandrel shoe (1) under the action of
the mandrel shoe (1) being lowered from a position above the ground towards the
ground; driving the mandrel shoe (1) into the ground to a predetermined depth;
subsequently withdrawing the mandrel shoe (1) from the ground to leave the
vertical drain embedded in the ground; and cutting the drain once the mandrel shoe
(1) has been fully withdrawn from the ground.
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subsequently w t hdrawi ng the mandrel shoe (1) fromthe ground to | eave the
vertical drain enbedded in the ground; and cutting the drain once the
mandrel shoe (1) has been fully withdrawmn fromthe ground.
18 18. A nethod according to daim 17, wherein sj:mm ' p
Is effected by novenent of a noveable shaft (15) relati mzmmml"ylr
shoe (1), the shaft (15) engaging part ofga crane or rig ‘on‘hé stirface of
t he ground. 19. A nmet hod according to Cains 17 or 18, wherein the

drain is cut at a position above ground level to |l eave . a length of the
instal | ed drdBn prot rudnethod raspending t &laim 17, opherein said payimg PUh S & ng

e anchor | nEEFEiRH BN B vasient At Bayentle ki DTRERn b bR alRRE® T

shaft (15) engaging part of a crane or rig on the surface of the ground.

19. A method acbording to Claims 17 or 18, wherein the drain is cut at a
position above ground level to leave a length of the installed drain protruding from
the ground.

20. A method according to any one of Claims 17 to 19 comprising the step
of fixing anchor means to the anchoring length of drain paid out from the mandrel
shoe (1).

21. A method according to any one of Claims 17 to 20, wherein the step of

priming the mandrel shoe (1) includes the step of feeding the anchoring length
through a side opening (12) in the mandre] shoe (1).

22, A method according to Claim 21, wherein the anchoring length is held
in position with respect to the mandrel shoe (1) due to a frictional force between
the side opening (12) and the drain, the frictional force being sufficient to prevent
movement of the anchoring length from or into the mandrel shoe (1) as the mandrel

shoe is driven into the ground.

23. A method according to any one of Claims 17 to 22, wherein the
anchoring length of drain is urged into a position against a side of the mandrel shoe
(1) as the mandrel shoe (1) is driven into the ground, and the anchoring length is
subsequently released from the side of the mandrel shoe (1) by upwards movement
of the mandrel shoe (1).
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21. A nmet hod according to any one of Clains 17 to 20, wherein the step
of primng the mandrel shoe (1) includes the step of feedi i ng

| engt h through a side opening (12) in the nmandrel sho m ﬂ A
met hod according to Caim21, wherein the anchoring Iﬁ I"I"Slm m””",
position with respect to the mandrel shoe (1) due to a*fitti'ondl forte
bet ween the side opening (12) and the dmain, the frictional force being

fficient t t of th [ | th f i nto, t
mandr ol ol 1) as  FIECHE BREereeas b Rt R ek SHHHE oL i vereg of
A et hod i f j ' '
engt h of e el SIEEIINAEE calt e theadchorghind, AtPuRDRNENT, | e
(1) as the skoedfly) shoe (1) is driven into the ground, and the anchoring

| ength is subsequently released fromthe side of the nmandrel shoe (1) by
upwar ds novenent of the mandrel shoe (1).

25. A method according to any one of Claims 17 to 24, wherein the or each
anchoring length of drain is approximately 200mm in length.
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19 24. A nmet hod according to Caim23, wherein said upwards novenent
of the mandrel shoe (1) drives earth between the anchoring |length and the
mandrel shoe (1). 25. - A method according to any one of Clainms 17 to

24, wherein the or each anchoring length of drain is approximately 200mm i n
| engt h.

20

ABSTRACT

"A Mandrel Shoe"

A mandrel shoe for the installation of vertical drains.
The mandrel comprises a guide channel extending from an
upper end of the mandrel shoe to a side opening formed in
a lower end of the mandrel shoe. The guide channel is
adapted to direct a length of drain from an upper end of
the mandrel shoe towards and out of the side opening. 1In
- this way, an anchoring length of drain projects from the

- side opening to anchor the drain within the ground.
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