
2217365 1 Improvements Relating to the Joining of Steel Tube Sections
Externally Coated with Thermoplastics This invention relates to the joining
of steel tube sections externally coated with plastics and is particularly
but not exclusively, applicable to the joining of steel tube sections which
make up piles and 5 to methods of piling using the methods of joining. A
usual method of reinforcing the foundations of buildings resting on loose
foundation soil is to drive joinable piling members to solid bottom under
or adjacent to load carrying structural components, and 10  then
transferring the load from the building to the finished pile in a suitable
manner. In the piling system to which the invention relates, joined piling
members are driven to solid bottom with the aid of a high speed pile
driver.  Such 15  a pile driver has a very light weight monkey, making up
for this by hitting the upper part of the pile at a speed of about 10 m/s
which is extremely high in connection with piling.  Due to the high impact
speed, and since the percussion tool is implemented such as to 20  achieve
a completely undampened percussion force transmission from the monkey to
the steel tube forming the pile, a very intensive percussion force of short
duration is generated in the pile. The load level is sufficiently high for
verification of an intended 25  carrying capacity being obtained in the
ground under the pile shoe, i.e. where the percussion force is reflected
during  "trial loading" of the ground when piling is stopped, or
alternatively achieving rupture in the ground during pile driving. The
rapidly growing 



2 and intensive percussion force gives an acceleration of about 1000 g at
the leading edge of the associated shock wave. Such modern percussion tools
have more design 5  similarities with compressed air of hydraulically
driven concrete breaking and rock drilling machines than with traditional
pile drivers. It is previously known to provide a joint between steel tubes
in a piling system by using an external 10  tubular sleeve, the sleeve
being welded to either pile members which are to be joined. The sleeve and
pile members will the be rigidly connected to each other and the weld will
be subjected to a force of about 35 to 50 kN, namely the sleeve mass of
about 3.5 to 5 kg times 15  the acceleration of about 1000 g, and twice per
blow, i.e. 800-1000 times per minute in opposite directions. Welds
withstanding these stresses are very difficult to achieve in 76 mm
thin-walled steel tubes which are normally used in this application,
particularly since 20  the steel has been given some of its high strength
by cold working. A quality problem is thus created in this connection,
since the joints successively disappear into the ground and thus cannot be
inspected after finished driving. 25         The object of the present
invention is to provide a new method of joining steel tubes externally
coated with plastic, particularly but not exclusively those for use in
building piling, where above mentioned problems of the prior art have been
eliminated. 



30        According to one  aspect  f the present invention,    3 a method
of producing a jointed steel tube which is externally coated with a
thermoplastics which comprises connecting adjacent tube sections by a
jointing sleeve, the method comprises heating the joining sleeve and the 5
plastics coating on the tube sections to a highly plastic state of the
plastics, whereafter each tube section end is pressed into the jointing
sleeve while heated plastics material at the outer circumference of the
tube section is forced away, the jointing sleeve 10  having an inside
diameter somewhat less than the outside diameter of the plastics coating on
the tube sections. Thus, the objects set out below are achieved by methods
in accordance with the invention by heating the 15  joint sleeve and
heating the plastics coating of the tubes to a highly plastic state, the
pipe ends then being pressed in under the joint sleeve while forcing away
heated plastics material on the outside circumference of the tubes, the
joint sleeve having an 20  inside diameter somewhat less than the outer
diameter of the plastics coating on the tubes. According to another aspect
of the invention, a method of pile driving comprises driving a first steel
tube section having an exterior plastics coating 25  connecting thereto a
second steel tube section having an exterior plastics coating and driving
the connected first and second tube sections, the connection being produced
by a method according to the first aspect of 



the invention. 30         Thus, when the invention is applied to piling,
the joint sleeve is hot-melt glued to both pile members and is therefore
connected to these via a thin layer of    4 plastics, which dampens,
cushions and partially absorbs the extreme acceleration, resulting in that
the sleeve with moderate inertia loads accompanies the pile downwards into
the ground without needing to 5   participate in the extreme direction
changing accelerations of the particles of the piling steel. With the
method in accordance with the invention there is thus achieved a pile joint
where a thin plastics glue layer between sleeve and pile at least partially
10   isolates the joint sleeve from the shock wave accelerations generated
in the pile during driving. The above-mentioned principle leads to some
energy absorption in the plastics, which results in heating of the
plastics. When a pile is being driven 15  for a long time, this heating can
lead to the plastics layer above or below the joint between the pile
members becoming so warm that it melts or becomes plastic, thus permitting
the joint sleeve to move along the pile with the aid of the undampened
inertia forces as the 20   plastics coating continuously melts in the
vicinity of the sleeve joint.  With the object of preventing this extremely
undesirable effect, the sleeve may be pre-heated to an even higher
temperature before mounting it on one member so that when it cools it 25
shrinks and thereby securely grips the member.  Thus 



this is a method of ensuring, by controlled thermal shrinking of the joint
sleeve in connection with the construction above, that the sleeve cannot
move along the pile after being fitted, in spite of the energy 30
absorption in conjunction with pile driving and a possible unintentional
melting of the plastics layer on the piling members.    5 The method in
accordance with the invention gives a rigid joint without the reduction of
the material thickness of the piling tubes which occurs when using threaded
muffs for joining, and without the risk of 5 damage to the protection
against corrosion which occurs when the joint is welded. When the
temperature of the plastics layer drops, after pressing the tube ends into
the sleeve, the strength of the layer increases, and both tube sections 10
will thus be securely joined. A special jointing tool can be utilized for
centering the sleeve in relation to the plastics coated steel tube which is
pressed into the sleeve. To obtain good adhesion between sleeve and piling
member, the 15  sleeve can be internally coated with a glue having a
melting temperature which is somewhat higher than the temperature required
to make the plastics coating on the tubes highly plastic, such that when
the members are pressed into the sleeve and the latter is heated to 20  a
temperature at which the glue melts, the glue will fasten the sleeve to the
remaining plastics layer on the pipe sections when the joint is left to
cool. Thus 



the joint can take up moderate tensile forces as well. The invention may be
carried into practice in 25  various ways but the manufacture of one joint
in accordance with the invention will now be described by way of example
with reference to the accompanying drawings in which: Figure 1 is a
longitudinal section through two 30  tube sections and a jointing tool; and
Figure 2 illustrates an embodiment of the jointing sleeve in accordance
with the invention.    6 Figure 1 is a section along the central axis of
the pile members at the vicinity of the joint. The Figure shows a lower
member la, which can be assumed to be already driven into the ground to
form a part of a 5  building pile.  The member comprises an inner steel
tube 2a with an outer, strong, corrosion protecting coating of a
thermoplastics 3a, e.g. of the PVC type. The member la is intended to be
joined to a member lb similarly comprising a steel tube 2b with an exterior
10 plastics coating 3b. The joint is achieved with the aid of a jointing
sleeve comprising an inner steel sleeve 5 with an external coating 6 of
plastics in an implementation similar to the members la and lb. The inside
diameter of the sleeve 5 is somewhat less than 15  the outside diameter of
the plastics layers 3a, 3b and somewhat larger than the inside diameter of
these layers 3a and 3b.  The joint is made with the aid of a jointing tool
10 comprising an integral upper section 11 and an integral lower section
12, and has 



20  considerable extension in the longitudinal direction of the members la
and lb. The section 11 has a bore tightly surrounding the member lb and the
section 12 has a bore tightly surrounding the joint sleeve 5.  The tool 10
can suitably be divided, e.g. along a plane 25 parallel to the central axis
of the members la, lb. It can then easily be caused to surround the
respective members and jointing sleeve without needing to be brought over
the end of a member.  At the section 11, and optionally at the section 12
as well, the tool can 30  be provided with electrical heating elements with
means for connecting them to a current source. In making the joint, the end
portions of the    7 members adjacent the joint faces 7 are heated to at
least [err], the plastics material in the plastic layers 3a and 3b of the
members then becoming highly plastic. The tube ends are then pressed into
the joint sleeve until they 5 meet each other at 7. During this procedure
some of the plastic layer 3a has been sheared away or otherwise removed by
the end edges of the joint sleeve, yet leaving a plastics layer between the
inner surface of the sleeve 5 and the outer surface of the steel tubes 10
2a, 2b, such as to achieve a bond between the sleeve and tube ends after
the plastics has been allowed to cool. In applying the method in accordance
with the invention for providing building piles, it is suitable 15 to start
from factory produced units including a tube section and a jointing sleeve
attached thereto in 



accordance with the invention. At the piling site itself it is then only
necessary to heat the jointing sleeve and the end portion of the tube
section which is 20 to be inserted in the jointing sleeve of the tube which
upwardly terminates the pile being driven. This technique is also
advantageous in many other applications. Before inserting the tube ends
into the jointing 25 sleeve, it can be internally coated with a layer of a
glue or a plastics material having a melting point which is higher than the
temperature at which the plastics coating of the tubes becomes highly
plastic. After the joint described above has been made, the 30 sleeve can
be heated in a separate operation so that the melting point of the glue is
attained, the glue then forming a reliable bonding layer in the interface
8 9 between the inside surface of the sleeve and the remaining plastics
layer 8 of the tube ends after the glue has cooled. It has been found that
a superior result in the 5 joining method is achieved if the following
steps are taken. 1.    The dimension of the jointing sleeve is selected in
relation to the dimension of the pile tube cross-section such that the gap
between sleeve and tube 10   section does not exceed 2 mm.  There is thus
ensured the necessary straightness and tensile strength of the jointed
pile. 2.    The gap between the jointing sleeve and the tube. 



section shall not be below 0.2 mm. There is thus 15 ensured that the
plastics is not stripped off from the tubes during the jointing process. 3.
The interior surface of the jointing sleeve is chamfered at the ends
thereof. In this way the plastics material coating the tubes will be more
20 effectively pressed into the above-mentioned gap between the sleeve and
the tubes. 4.    The plastics coating the tubes is heated to a softening
temperature over [err] before the joining operation. There is thus ensured
good plasticity of 25 the plastics during this operation. However, the
temperature of the plastics must not be higher than about [err] to avoid
carburization. 5.    The jointing sleeve is heated during the joining
operation to above [err], suitably to above 2250C and 30  preferably to
about [err].  In this way the sleeve will shrink considerably during the
later cooling, and compress the jointing material between the sleeve and
9 tube so that great rigidity and tensile strength of the jointed pile is
achieved.  The sleeve should not be heated to a higher temperature than
about [err]. In Figure 2 there is illustrated an embodiment 5 of a jointing
sleeve and the joint made between two pile members. As shown in Figure 1,
the pile members are denoted by la and lb and their exterior plastics
coating by 3. The jointing sleeve 15 has an inside 10  diameter which is
only so much larger than the outside 



diameter of the steel tubes of the pile members that the annular gap
between sleeve and tube has a width 16 of between 0.2 and 2 mm, whereby it
is ensured that the jointed pile will have, and can maintain, necessary 15
straightness and tensile strength simultaneously as the risk of stripping
all plastics material from the pile members during joining is avoided.
Contributing to the latter is also the jointing sleeve has its end surfaces
chamfered on the 20  inside to form a conical portion 17 which assists the
plastic material 3 to be more easily pressed into, and compressed in the
gap between the sleeve and steel tubes of the pile members. According to
advantageous embodiments of the 25  invention, the joint is made with the
jointing sleeve being heated to at least [err], suitably to at least [err],
and preferably to about [err], before the tube ends are inserted into the
sleeve, whereby the plastics material in the gap between the sleeve and
steel tubes 30 of the pile members will be considerably compressed when the
sleeve has cooled, and the sleeve thus obtaining very high rigidity and
tensile strength.    10 The invention is not restricted to what has been
described above in connection with the description of an embodiment. For
example the method in accordance with the invention is also 5  utilizable
for joining tube elements other than pile members, although the invention
is primarily intended for joining pile members. 



11 Claims: 1.    A method of producing a jointed steel tube which is
externally coated with a thermoplastics which comprises connecting adjacent
tube sections by a jointing sleeve, the method comprising heating the 5
jointing sleeve and the plastics coating on the tube sections to a highly
plastic state of the plastics, whereafter each tube section end is pressed
into the jointing sleeve while heated plastics material at the outer
circumference of the tube section is forced away, 10   the jointing sleeve
having an inside diameter somewhat less than the outside diameter of the
plastics coating on the tube sections. 2.    A method as claimed in Claim 1
in which the 15   jointing sleeve is heated to at least [err]. 3.    A
method as claimed in Claim 1 in which the sleeve is heated to at least
[err]. 20   4.    A method as claimed in Claim 1 in which the sleeve is
heated to about [err]. 5.    A method as claimed in any of the preceding
claims in which the inside diameter of the sleeve is 25   selected in
relation to the outside diameter of the steel tube sections such that an
annular gap with a width of between 0.2 an 2 mm is obtained between the
sleeve and the steel tube sections. 30  6.    A method as claimed in any
one of the preceding claims in which the plastics material on the tube
sections is heated to at least       [err] before the tube section ends are
inserted into the sleeve. 



12 7.    A method as claimed in any of the preceding claims in which the
tube section ends to be joined are inserted into the sleeve successively as
follows: a first section end and the sleeve are heated; the first 5
section end is inserted into the sleeve; the first section end and the
sleeve are returned to normal temperature; the first section end, the
sleeve and the second section end are heated; and the second section end is
inserted into the sleeve. 10 8.    A method as claimed in any of the
preceding claims in which the sleeve has an internal chamfer at at least
one of its ends. 15  9.    A method as claimed in any of the preceding
claims in which the sleeve has an exterior plastics coating. 10.   A method
of jointing a steel tube substantially 20  as described herein with
reference to the accompanying drawings. 11.   A method of pile driving
comprising driving a first steel tube section having an exterior plastics
coating 25  connecting thereto a second steel tube section having an
exterior plastics coating and driving the connected first and second tube
sections, the connection being produced by a method as claimed in any of
the preceding claims.    


