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IMPROVED METHOD AND APPARATUS FOR COMPRESSING SLEEVES ONTO STRUCTURAL RODS
(71)  We, ZEITGEIST AG., a Swiss Body    According to one aspect of the
present in- Corporate of Trust Firm  Ernst Hunter, vention there is
provided a method of fasten- Baarer Strasse 77, 6302 Zug, Switzerland, do
ing in situ to adjacent substantially co-axially  50 hereby declare the
invention, for which we disposed reinforcing rod ends, a steel sleeve 5
pray that a patent may be granted to us, of uniform external cross-section
throughout and the method by which it is to be per- its length and having
internal cross-sectional formed, to be particularly described in and
dimensions such that it can receive and em- by the following statement:
brace both rod ends, comprising the steps of 55 This invention relates to a
method of and  locating the sleeve so that both rod ends are 10 apparatus
for fastening steel sleeves in situ  disposed within it; preventing the
sleeve from to the adjacent substantially co-axially dis-  moving
longitudinally with respect to the posed ends of reinforcing rods such as
are  rods: assembling around one of the rods in a used for structural
purposes.           zone outside that occupied by the sleeve a  60 When
structural reinforcing rods are posi-  plurality of die segments which
collectively 15 tioned prior to casting concrete around  provide a bore at
least part of which is di- them, it is a common practice to overlap the
mensionally smaller in cross-section than the adjacent ends of rods which
are disposed so  external cross-sectional dimension of the that their
longitudinal axes are substantially  sleeve; locking the die segments
together, 65 co-planar. The object is, of course, to mini-  and applying a
separate and independent 20 mise the risk of a weakness in the junction
thrust to each die segment to force the seg- zone. This practice, is
however, wasteful ments as a single unit along and over the of steel.
sleeve to deform it and cause it to adhere To obviate this disadvantage, it
has been  firmly to the two rod ends.         70 proposed to accommodate
adjacent rod ends    Preferably, the sleeve is caused to adhere 25 in a
steel sleeve and to crimp the sleeve onto  firmly to the two rod ends in a
plurality of the rods in a number of different parallel longitudinal zones
which are circumferen- transverse zones by means of a hydraulic tially
spaced one from the other. press. The chief disadvantage of this pro-    We
have found that it is highly advant- 75 posal lies in the fact that the
necessary hy-  ageous to cause the sleeve to grip the rod 30 draulic
equipment is usually bulky with the  ends only in a plurality of
longitudinal zones result that in many cases it cannot be man-  which are
circumferentially spaced from one oeuvred into the required position
because  another Among the advantages flowing from other reinforcing rods
block access. It will this method of operation the following are  80 be
understood that the equipment must be  of special significance: 35
positioned transversely with respect to the longitudinal axes of the rods
(i) The joint is of adequate mechanical It has also been proposed to effect
a joint     strength. Tests to  destruction have by compressing a steel
sleeve onto the ad-  shown that provided the sleeve is suit- 85 jacent rod
ends by means of an explosive  .  ably dimensioned, the rods will break 40
charge. This proposal suffers from the dis-   . outside the zone of the
sleeve while the advantage that it is noisy and is liable to  joint itself
remains intact.  In other damage or displace adjacent formwork and    words
the rods will not pull out of the concrete
sleeve.                              90 If welding is resorted to, the
operation is (ii) Less thrust is required to force the die 45 relatively
slow and it requires a skilled welder  over the sleeve. to produce a good
joint. Furthermore, he  (iii) There is a lower bursting force imposed .
must necessarily use bulky equipment.      on the die.    2
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(iv) There is a smaller elongation of the  pass into the bore of the
composite die and sleeve.                              so ensure that the
sleeve is deformed (v) Less metal is required for the sleeve  throughout
its entire length. than would be required to obtain the    While the bore
of the composite die may 5      same, cross-sectional area after defor-  be
of any cross-section capable of deforming  70 mation if the sleeve were
caused to grip  the sleeve for the purpose stated, a plurality the rods
over their entire circumference.  of complementary die segments may be pro-
- (vi) There is probably less wear on the die.  vided for deforming a
sleeve and causing it to adhere firmly to adjacent substantially 10  The
die segments may be forced  along  co-axially disposed reinforcing rod
ends, 75 and over the sleeve by any suitable means.  which collectively
provide a bore having For example, mechanical means employing  axially
disposed inwardly extending ribs and symmetrically disposed bolts and nuts
may  in the circumferential zones between the ribs be used for this
purpose.                 axially disposed recesses or pockets into 15    We
prefer, however, to employ fluid pres-  which surplus material from the
sleeve may  80 sure, for example, air orparticularly liquid  be caused to
flow as the segments travel pressure for moving the die segments.     along
the length of the sleeve Conveniently, a pair of complementary die    The
ribs and recesses will normally be ar- segments may be used but it is
within the  ranged symmetrically and it will be appreci- 20  scope of the
invention to' employ more than  ated that the cross-sectional dimensions of
85 two for example, three or four segments.   the peripheral zone defining
the faces of the In accordance with another aspect of the  ribs will be
smaller than the external cross- invention, we provide apparatus for
fasten-  sectional dimension of the sleeve, whereas ing in situ to adjacent
substantially co-  the cross-sectional dimension of the peri- 25  axially
disposed reinforcing rod ends a steel pheral zone defining the bases of the
recesses 90 sleeve ' of uniform  external cross-section  will be larger.
throughout its length and having internal    Using die segments as
described above, the cross-sectional dimensions such that it can  sleeve
will be caused to adhere to the rod receive and embrace both rod ends,
com-'. ends only in a plurality of circumferentially 30 prising at least
two complementary die seg-  spaced longitudinal zones. For example, a  95
ments; locking means for temporarily secur-  sleeve which is initially of
circular cross- ing the die segments one to the other so that  section may
be deformed into substantially collectively they provide an axial bore; and
square cross-section with rounded corners. separate means associated with
each die seg-   In order that the method and apparatus 35  ment for moving
the segments as a since  of the invention may be clearly understood, 100
unit in a direction parallel to the longitudinal  reference will now be
made to the accom- axis of the bore.                        panying
drawings which illustrate purely by While the means for moving' the die
seg- way of example, one form of apparatus and ments may, as stated above
in the descrip-  the manner in which it is employed. 40  tion of the method
of the invention, be mech-    In the drawings:-                105 anical
or means activated by fluid pressure,    Fig. 1 is an oblique view of one
form of we prefer to use hydraulic jacks for this pur-  apparatus for
fastening a sleeve onto ad- pose.                   '
jacent rod ends constructed in accordance Preferably, a hydraulic jack or
jacks is or  with the invention, 45  are associated with each die segment
and    Fig. 2 is a part sectional elevation of the 110 means are provided
whereby the jacks may  apparatus of Fig. 1 assembled to the rod be located
with respect to rods.          ends. Either the piston rods or the
cylinders of    Fig. 3 is a plan view of two complement- the jacks may be
caused to move on the ap-  ary die segments on an enlarged scale, 50
plication of fluid pressure while the other    Fig 4 is a longitudinal
sectional elevation 115 jack elements remain stationary, in order to
through the die segments on the line IV-IV force the die segments along and
over the  of Fig. 3, sleeve.                                     Fig.' 5 is
an oblique view showing the The jack or jacks associated with each die
sleeve assembled to two adjacent rod ends 55  segment may be supported by a
mounting  before deformation of the sleeve,          120 plate disposed in
parallel spaced relation-    Fig. 6 is an oblique view showing a sleeve
ship to the die segment in question and the  assembled to two adjacent rod
ends after mounting plates may be adapted collectively  deformation of the
sleeve, to embrace one of the rods.                 Fig. 7 is a
cross-section on the line 60    The mounting plates may be formed with
VII-VII of Fig. 5,                     125 or have fixed thereto stop means
to engage.   Fig. 8 is a cross-section on the line one end of the sleeve
and prevent it from   VIII-VIII of Fig. 6. moving axially relative to the
rods.        Referring to the drawings, the apparatus 



The stop means may be of such external  is constructed in two separate
halves which 65  cross-sectional dimensions that it is able to  may be
secured together by locking means 130    3
1,432,888 such as latching elements 1 around the rods  square cross-section
with rounded corners. 2 and 3 and their embracing sleeve 4.        The
effect of the use of such a die is Each half includes a die segment 5 to
clearly apparent from  a consideration of which the free ends of piston
rods 6 of hy-  Figs. 5 to 8. As shown in Figs. 5 and 7, 5  draulic jacks
are fixed. The jack cylinders  the sleeve 4 before deformation is of
circular 70 7 are secured to a recessed mounting plate  cross-section,
internally and externally.  It 8 disposed in parallel spaced relationship
to  may, if desired, be coated internally with a the die segment 5. The
piston rod 6 project  high friction compound such as alumina grit. "
through the mounting plate 8. The mount-  It embraces the adjacent ends of
rods 2 and 10  ing plates 8 are formed or provided with de-  3 which in
this case are formed with ribs. 75 pending spigot elements 9 which are
adapted  If plain round bars are used an insert e.g. a to abut against one
end of the sleeve 4 and  hard steel spring (not shown) may be inter-
prevent it from moving longitudinally with  posed between the sleeve and
the rods to respect to the rod ends. Furthermore, the  increase friction.
15  cross-sectional dimension of the spigot ele-    As is apparent from
Figs. 6 and 8, after 80 ments 9 is such that they can pass into the
deformation the sleeve is cause to adhere bore of the die and so enable the
sleeve to  firmly to the rods only in the circumferen- be deformed
throughout its entire length.   tially spaced zones 19 which are formed by
The mounting plates 8 are provided with  the die ribs 17. Surplus material
from the 20  radially disposed threaded holes 10 which  sleeve is forced
into the intermediate zones 85 receive bolts 11 by means of which the two
20 the location of which corresponds with halves of the apparatus are
located with re-  the die recesses 18. As shown clearly in spect to the rod
2. It will be understod that  Fig. 8, there are zones 21 in which the peri-
these bolts merely serve to position the ap-  pheral surface of the rod is
spaced from the 25  paratus and that the clamping force exerted  internal
peripheral wall of the deformed  90 thereby does not have to resist the
hydraulic  sleeve. pressure to be applied.                      Although
the embodiment described with The die segments 5 collectively provide
reference to the drawings uses two die seg- a bore 12 at least part of
which is dimen-  ments only, more than two segments can be 30  sionally
smaller in cross-section than the ex-  used if desired.  For example, three
seg- 95 ternal dimension of the steel sleeve 4.    ments each providing
120[err] of the bore, or Fig. 2 shows the manner in which the two  four
segments each providing 90[err] of the halves of the apparatus are
assembled to the  bore may be employed. In general, how- rods 2 and 3. When
fluid under pressure is  ever, there will be no necessity to employ 35
admitted to the annulus sides of the pistons  more than two die segments
each providing 100 13 of the hydraulic jacks, the die segments  180[err] of
the bore. 5 will move towards the mounting plates 7. Such movement will
cause the composite die    WHAT WE CLAIM  IS:- to deform the sleeve 4
throughout its entire    1. A method of fastening in situ to ad- 40  length
so that it adheres firmly to, and forms  jacent substantially co-axially
disposed re- 105 a joint between, the rods 2 and 3.        inforcing rod
ends, a steel sleeve of uniform Figs. 3 and 4 illustrate a preferred form
external cross-section throughout its length of the die for use with the
apparatus of the  and having internal cross-sectional dimen- invention. The
die comprises two com-  sions such that it can receive and embrace 45
plementary segments 14 and 15 which, when  both rod ends, comprising the
steps of locat- 110 assembled together, provide an axial bore  ing the
sleeve so that both rod ends are dis- 16. The bore 16 is formed with four
axially  posed within it; preventing the sleeve from and symmetrically
disposed inwardly extend-  moving longitudinally with respect to the ing
ribs 17 and the diameter measured be-  rods; assembling around one of the
rods in 50  tween opposed pairs of ribs is less than the  a zone outside
that occupied by the sleeve 115 external diameter of the sleeve 4. In the
a plurality of die segments which collectively circumferential zones
between adjacent ribs,  provide a bore at least part of which is di- the
bore is formed with axially disposed re-  mensionally smaller in
cross-section than the cesses or pockets 18. The distance between  external
cross-sectional dimension of the 55  the bases of opposed pairs of recesses
is  sleeve; locking the die segments together, 120 greater than the
external diameter of the  and applying a separate and independent sleeve 4.
thrust to each die segment to force the seg- 



When a die as described above is used, the  ments as a single unit along
and over the sleeve will be caused to adhere firmly to the  sleeve to
deform it and cause it to adhere 60  rod ends in the longitudinal zones
defined  firmly to the two rod ends.              125 by the ribs 17. At
the same time, surplus    2. A method according to claim  1, in material
from the sleeve will be caused to  which the sleeve is caused to adhere
firmly flow into the recesses 18. In the result, an  to the rod ends in a
plurality of longitudinal initially cylindrical sleeve will, after the die
zones which are circumferentially spaced one 65  has passed over it, have a
substantially  from the other.                            130    3
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around the rods  square cross-section with rounded corners. 2 and 3 and
their embracing sleeve 4.       The effect of the use of such a die is Each
half includes a die segment 5 to  clearly apparent from  a consideration of
which the free ends of piston rods 6 of hy-  Figs. 5 to 8. As shown in
Figs. 5 and 7, 5  draulic jacks are fixed. The jack cylinders  the sleeve 4
before deformation is of circular 70 7 are secured to a recessed mounting
plate  cross-section, internally and externally. It 8 disposed in parallel
spaced relationship to  may, if desired, be coated internally with a the
die segment 5. The piston rod 6 project high friction compound such as
alumina grit. through the mounting plate 8. The mount-  It embraces the
adjacent ends of rods 2 and 10  ing plates 8 are formed or provided with
de-  3 which in this case are formed with ribs. 75 pending spigot elements
9 which are adapted  If plain round bars are used an insert e.g. a to abut
against one end of the sleeve 4 and  hard steel spring (not shown) may be
inter- prevent it from moving longitudinally with  posed between the sleeve
and the rods to respect to the rod ends. Furthermore, the  increase
friction. 15  cross-sectional dimension of the spigot ele-    As is
apparent from Figs. 6 and 8, after 80 ments 9 is such that they can pass
into the  deformation the sleeve is cause to adhere bore of the die and so
enable the sleeve to  firmly to the rods only in the circumferen- be
deformed throughout its entire length.   tially spaced zones 19 which are
formed by The mounting plates 8 are provided with  the die ribs 17. Surplus
material from the 20  radially disposed threaded holes 10 which  sleeve is
forced into the intermediate zones  85 receive bolts 11 by means of which
the two  20 the location of which corresponds with halves of the apparatus
are located with re-  the die recesses 18. As shown clearly, in spect to
the rod 2. It will be understod that  Fig. 8, there are zones 21 in which
the peri- these bolts merely serve to position the ap-  pheral surface of
the rod is spaced from the 25  paratus and that the clamping force exerted
internal peripheral wall of the deformed  90 thereby does not have to
resist the hydraulic  sleeve. pressure to be applied.
Although the embodiment described with The die segments 5 collectively
provide  reference to the drawings uses two die seg- a bore 12 at least
part of which is dimen-  ments only, more than two segments can be 30
sionally smaller in cross-section than the ex-  used if desired. For
example, three seg- 95 ternal dimension of the steel sleeve 4.   ments each
providing 120[err] of the bore, or Fig. 2 shows the manner in which the two
four segments each providing 90[err] of the halves of the apparatus are
assembled to the  bore may be employed. In general, how- rods 2 and 3. When
fluid under pressure is  ever, there will be no necessity to employ 35
admitted to the annulus sides of the pistons  more than two die segments
each providing 100 13 of the hydraulic jacks, the die segments  180[err] of
the bore. 5 will move towards the mounting plates 7. Such movement will
cause the composite die    WHAT WE CLAIM IS: - to deform the sleeve 4
throughout its entire    1. A method of fastening in situ to ad- 40  length
so that it adheres firmly to, and forms  jacent substantially co-axially
disposed re- 105 a joint between, the rods 2 and 3.       inforcing rod
ends, a steel sleeve of uniform Figs. 3 and 4 illustrate a preferred form
external cross-section throughout its length of the die for use with the
apparatus of the  and having internal cross-sectional dimen- invention. The
die comprises two com-  sions such that it can receive and embrace 45
plementary segments 14 and 15 which, when  both rod ends, comprising the
steps of locat- 110 assembled together, provide an axial bore  ing the
sleeve so that both rod ends are dis- 16. The bore 16 is formed with four
axially  posed within it; preventing the sleeve from and symmetrically
disposed inwardly extend-  moving longitudinally with respect to the ing
ribs 17 and the diameter measured be-  rods; assembling around one of the
rods in 50 tween opposed pairs of ribs is less than the  a zone outside
that occupied by the sleeve 115 external diameter of the sleeve 4. In the
a plurality of die segments which collectively 



circumferential zones between adjacent ribs,  provide a bore at least part
of which is di- the bore is formed with axially disposed re-  mensionally
smaller in cross-section than the cesses or pockets 18. The distance
between  external cross-sectional dimension of the 55  the bases of opposed
pairs of recesses is  sleeve; locking the die segments together, 120
greater than the external diameter of the  and applying a separate and
independent sleeve 4.                                thrust to each die
segment to force the seg- When a die as described above is used, the  ments
as a single unit along and over the sleeve will be caused to adhere firmly
to the  sleeve to deform it and cause it to adhere 60  rod ends in the
longitudinal zones defined  firmly to the two rod ends.            125 by
the ribs 17. At the same time, surplus    2. A method according to claim
1, in material from the sleeve will be caused to  which the sleeve is
caused to adhere firmly flow into the recesses 18. In the result, an  to
the rod ends in a plurality of longitudinal initially cylindrical sleeve
will, after the die  zones which are circumferentially spaced one 65  has
passed over it, have a substantially  from the other.
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4- 3. A method according to claim 1 or 2, ing plates are adapted
collectively to embrace in which the die segments are forced along  one of
the rods.                       40 and over the sleeve by mechanical means.
12. Apparatus according to claim 11, in 4. A method according to claim 1 or
2,  which the mounting plates are formed with 5 in which the die segments
are forced along  or have fixed thereto stop means to engage and over the
sleeve by fluid pressure actu-  one end of the sleeve and prevent it from
ated means.                               moving axially relative to the
rods. 5. A method according to claim 4, in    13. Apparatus according to
claim 12, in which the die segments are forced along and  which the stop
means is of such external 10  over the sleeve by hydraulic means.
cross-sectional dimensions that it is able to 6. Apparatus for carrying out
the method  pass into the bore of the composite die and of any one of
claims 1 to 5, comprising at  so ensure that the sleeve is deformed  50
least two complementary die segments; lock-  throughout its entire length.
ing means for temporarily securing the die    14. Apparatus according to
any one of 15  segments one to the other so that collec-  claims 6 to 13,
wherein the complementary tively they provide an axial bore;'and sepa-  die
segments collectively provide a bore ate means associatedwith each
diesegment  having axially disposed inwardly extending  55 for moving the
segments as a single unit in  ribs and in the circumferential zones be- a
direction parallel to the longitudinal axis  tween the ribs axially
disposed recesses or 20  of the bore.                              pockets.
7. Apparatus according to claim  6, in    15. Apparatus according to claim
14, in which the means for moving the die seg-  whihc the ribs and recesses
are arranged  60 ments is mechanical.                      symmetrically.
8. Apparatus according to claim  6, in    16. A method of fastening in situ
a steel 25  which the means for moving the die segments  sleeve to adjacent
substantially co-axially is actuated by fluid pressure.            disposed
reinforcing rod ends substantially 9. Apparatus according to claim  8, in
as herein described with reference to the ac- 65 which the means for moving
the die seg-  companying drawings. ments comprises hydraulic jacks.
17. Apparatus for fastening in situ a 30    10. Apparatus according to
claim 6, in- steel sleeve to adjacent substantially co- cluding a hydraulic
jack/s associated with  axially disposed reinforcing rod ends sub- eachdie
segment and means for locating  stantially as herein described and
illustrated  70 the jack/s with respect to the rods.    in the accompanying
drawings. 11. Apparatus according to claim 10, in        . A. KEMP & CO.,
35  which the jack/s associated with each die        Chartered Patent
Agents, segment is supported by a mounting plate             14, South
Square, disposed in parallel spaced relationship to             Gray's Inn,
the die segment in question and the mount-          London, WC1R 5EU.
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