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-2- Preferably, upsetting the end region produces an upset end region
haying a length which is typically 110% of the thread diameter (taken from
peak to peak). Preferably, the thread minor dianeter is not greater than
Qb@bof t he nom nal dianeter, of the rod. Preferably, roI_Lng,Lhe_Lh#ead—ﬁnto
the end regi on produces a thread having an effective di aneter |arger t

the nom nal dianmeter. Preferably, the upset dianeter of ThiShest
the rod is no greater than 110% of the nom nal dianeter \\“\‘“\‘\ \
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THREAD FORMATION

The invention relates to thread formation.

"Particularly the invention relates to the formation of

5 threads on deformed steel reinforcing rods for reinforced
concrete structures.

According to an aspect of the invention, the

invention provides a method of forming a thread on at

10 least one end region of a deformed steel reinforcing rod,
the method comprising: '

cold upsetting an end region of the rod having a

nominal diameter, so as to increase the diameter of the

15 end region to a new, upset, diameter greater than the
nominal diameter; and

rolling a thread onto the end region, so as to

produce a threaded region having a thread major diameter,

20 which is greater than the nominal diameter and a thread
minor diameter which is less than the nominal diameter.

The formation of such a thread enables the production

of mechanical connections between pairs of rods, the

25 connections having a strength greater than that of the
rods being connected to one another.

Preferably, upsetting the end region produces an
upset end region having a length which is typically 110%
30 of the thread diameter (taken from peak to peak).

Preferably, the method further comprises a step of
skimming the end region of the rod.
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Preferably, the thread is of a formation having enl arged maj or and m nor
roet radii. Preferably, the thread is of a relatively coarse pitch, to
enabl e a greater speed of assenbly when form ng a connection to the end of
the rod. Preferably, the thread is a par allel thr emss}.éaq;ﬁmlsemg d0eda second

aspect of the invention, there is provided a joint “ujm etween

t hreaded end regions of two reinforcing steel rods nom na
di aneter, sai'd threaded end regi ons having strength tics greater
than or at |east equal to -2 -

Preferably, said step of skimming the end region of
the rod is carried out intermediate said cold upsetting
and thread rolling steps.

5 . Preferably, the thread minor diameter is no greater
than 90% of the nominal diameter of the rod.

Preferably, rolling the thread onto the end region
produces a thread having an effective diameter larger than
10 the nominal diameter.

Preferably, the upset diameter of the end region of
the rod is no greater than 110% of the nominal diameter D.

15 _ Preferably, the thread is of a formation having
enlarged major and minor root radii.

Preferably, the thread is of a relatively coarse
pitch, to enable a greater speed of assembly when forming
20 a connection to the end of the rod.

The thread is preferably a parallel thread.

The upsetting operation as specified above produces

25 full formed rolled threads. The effective diameter of

such threads is typically around 5% greater than the
nominal diameter of the bar.

Such "minimal" upsetting reduces the volume of upset
30 material by up to 70% compared with prior systems, yet rod
strength is not compromised by the reduced upsetting.

A further benefit of cold minimal upsetting is that
this gives an important advantage of enabling
35 transportable equipment to be used. 1In addition, minimal



the strength characteristics of unthreaded regions of the reinforcing rods,
sai d joint device conprising: an enlarged end portion formed at each of
sai d end regions by col d-upsetting the end of each of—sa#d—LELﬂf_QLgl_ﬂ_g__~
steel rods, said enlarged end portion having a substan aIIy unlform

di aneter greater than said nom nal -3- dianmeter sai
portion further having a thread I I ””’,m "I
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upsetting may be carried out during a much shorter time
period than is required by prior art systems. Typically,
the time saving over previous cold upsetting systems is in
"the order of 60%. |

5
Other prior systems using hot forging methods to
produce threaded rods have substantially higher energy
requirements than that of the present invention due to
their need to preheat the end regions of the rod.
10

Whenever any type of upsetting is utilized to
increase the diameter of a region of a rod, rod length is
always reduced. By minimizing the amount of upset, a
further beneficial effect is that rod length is only

15 reduced by a very small amount.

A yet further advantage of the combination of
providing a minimal upset and thread rolling is that a
smaller diameter and shorter connecting sleeve (coupler)

20 than was previously possible may be utilized to connect
two threaded ends together, and this has the beneficial
effect of ensuring that rods joined in this manner have
the least sltiffening effect caused by a full strength
mechanical joint.

25

Furthermore, if a coupler of smaller diameter is used
then less concrete is required to cover the rods.

The invention includes threaded rods produced in
30 accordance with the abovementioned method.

An embodiment of the present invention will now be
described, by way of example, with reference to the
accompanying diagrammatic drawings, in which:

35



which is forned by thread-rolling and which has, at substantially all
poirnts along said thread, a thread maj or dianeter greater than said nom na
di aneter and a thread m nor diameter snmaller than said nom nal dianeter;
and a threaded coupl er sleeved around said thread of sajid enlarged end
portion of said rods. Preferably, the device further d‘ﬁmie'bt&ﬁw&nkglac&d) be

sl eeved around said enlarged end portion of one of sai ﬂﬂﬂlﬂﬁ"”' I ng

agai nst novenent of said threaded coupler. Said enlarg
Figures 1A to 1D schematically show a method of

preferably has a length -4 -

thread formation in accordance with the present invention;

Figure 2 is an enlarged cross-sectional view showing
5 a region "X" of the rod shown in Figure 1D; and

Figures 3(I) to 3(VII) 1illustrate a method for
connecting together a pair of deformed steel reinforcing
rods, by means of a coupler.

10

Referring initially to Figures 1A to 1D, a method of
thread formation will now be described. Figure 1A shows
an end region 1 of a reinforcing rod for use in the
reinforcement of concrete structures. The rod 1 has a

15 number of ridges 2 (which are conventional) to provide a
mechanical key between steel and concrete within a
completed concrete structure.

The first step in the method of the present invention
20 involves gripping the rod 1, by holding a region ¥ firmly
within a die and exerting compressive pressure on an end
face 3 of the rod. Applying this compressive force
results in the end part of the rod being upset slightly
with respect to the rest of the rod. The amount of
25 upsetting is carefully controlled so as to provide an
initial upset of no more than 10% increase in diameter
over the nominal diameter of the rod 1 for a length Z of
approximately 110% of a thread diameter D2 (shown in
Figure 2 - to be discussed later).
30
Limiting the amount of upset to this maximum figure
has the beneficial effects of minimising reductions in the
length of the rod 1 caused by such compression.



which is typically 110% of the thread dianeter (taken from peak to peak).
Said thread m nor diameter is preferably not greater than 90% of said
nom nal dianeter of the rod. Said thread preferabl yhas—an—effeecti~ve

di aneter |arger than said nom nal diameter. The di angjd heeghassg% nmirzrged
m

end portion is preferably not greater than 110% of sa ter
Said thread is preferably of a formation having gnlar nor
root radii. Said thread is preferably of a relativey

-5 =

A rod which has undergone this minimal upsetting
procedure is shown in Figure 1B. The next step in the
operation shown is to skim and chamfer the end of the rod
'so as to remove the ridges 2 from the minimally upset

5 region so as to provide a cleaned up end 4. This skimming
process may be achieved simply by performing a turning
operation on the end of the rod.

‘The final step of the method is to roll a thread onto
10 the skimmed region 4 so as to arrive at the situation
shown in Figure 1D.

The region W shown in Figure 1D extends over a length
which is substantially equal to the diameter of the thread
15 D2, and a lead-in region V is provided as shown which
comprises a partially threaded area formed at the inner
extent of the threaded region of the bar. The combination
of the partially threaded region V and the fully threaded
region W being equal to the length Z shown in Figure 1B.
20
The method may be performed at a construction site,
and need not be performed in a factory or workshop. This
is a significant advantage over prior systems, which carry
out hot upsetting, as hot upsetting must be carried out at
25 a factory, and this severely limits its application and
rules out any on-site usage. |

It has also been found that the system of the
present invention requires 1less equipment than was
30 required for prior cold upsetting systenms.

Another advantage over prior systems, both hot and
cold, is that these prior systems tend to push a large
amount of material further down the rod itself. The

35 equipment utilized for the present invention ensures that



to. enabl e a greater speed of assenbly of the joint. Preferably, said thread
is a parallel thread. -4- The formation of such a thread as detailed in
t he above aspects enabl es the production of mechani cal connections between
pairs of rods, the connections having a strength greater than that of the

rods bei ng connected to one anot her. This Sheet Has Been Replaced

material flow is 1limited, and thereby prevents the

-6 -

formation of a long tapering neck of material. In prior

systems, this neck is effectively wasted material leading

"to an unnecessary reduction in the length of the rod as a
5 whole.

Referring now to Figure 2, an area "X" of the
threaded end of the rod 1 is shown.

10 In the Figure, various reference letters D, D1, D2
and D3 are used and these refer to, respectively, the
nominal diameter of the rod, the preturned (skimmed)
diameter corresponding to the diameter of the skimmed
region 4 in Figure 1C, the thread major diameter and the

15 thread minor diameter.

It should be noted that rolling the thread onto the
preturned end 4 of the rod causes material which was
previously below the dotted line shown in Figure 2, to be

20 displaced to a position above the dotted line. 1In this
manner, the threaded region is in fact subjected to a
second cold working operation - the first being achieved
when compressing the end of the rod as shown in Figure 1B.

25 The combination of the benefits of thread rolling
together with the enhanced mechanical properties achieved
by the minimal upsetting provides the threaded region with
strength characteristics which are equal to or greater
than the characteristics of the unthreaded regions of the

30 rod.

With regard to the various relative dimensions of D,
D1, D2 and D3, the preturned diameter D1 is typically no
more than 5% larger than the nominal diameter of the rod



The upsetting operation as specified above produces full formed rolled

t hr eads. The effective dianeter of such threads Ls—%yﬁkcally around 5%
greater than the nom nal dianmeter of the bar. Such "mj.nj ?l g&ﬁ@& mag
e as
reduces the volume of upset material by up to 70% co
systens, yet rod strength is not conprom sed by the r
further benefit of cold mnimal upsetting is that this rtant

advant age of enabling transportabl e equi pnent to be used. In addltlon
m ni mal upsetting may be carried out dutigg_a much shorter tinme

10
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25

30

35

D, and D3, the minor diameter of the thread, undercuts D
by around 12%.

As a consequence of the method, a much smaller thread
size is required than that which was previously required,
with prior systems. This, in itself, presents major
advantages in that with a reduced thread size, it is
possible to manufacture smaller couplers for 1linking
threaded ends of rods together. By having a smaller
diameter coupler, it is possible to reduce the amount of
concrete which is used in a structure. This is because
building codes of practice require a minimum thickness of
concrete be between any point of the reinforcing rods, and
the surface. By reducing the thread size, the overall
diameter including the coupler, is thereby reduced and
therefore less concrete is required to cover structure as
a whole.

It has also been found that a coarser pitch of thread
("P" of Figure 2) may be achieved meaning less turns per
threaded metre, and this leads to an increased speed of
assembly as fewer turns of a coupler are required.
Typically, the assembly times can be reduced by 20%.

Although the invention is not limited to a particular
type of thread, it has been found to be advantageous to
provide threads which have increased minor and major root
radii. Doing this has been found to provide benefits in
the form of reducing the stress concentration factor
within the thread itself so as to provide further benefits
in terms of improved fatigue life.

Figures 3(I) to 3(VII) show a manner in which a pair
of reinforcing rods may be connected together.



period than is required by prior art systens. Typically,

the time saving

over previous cold upsetting systems is in the order of 60% Qher prior
systens using hot forging nethods to produce threaded—rods—have

due to their

substantially higher energy requirenents than that of the pr e tion

need to preheat the end regions of the r ot “ ° ype
of upsetting is utilized to increase the dianeter of a , rod
| ength is always reduced. By mi nim zing the anmount of er

beneficial effect is that rod length is oqu_
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Referring to the Figures 3(I) to 3(VII), it will be
noted that a first reinforcing rod 5 has a threaded end
region 10 similar to that of the reinforcing rod shown in
"Figure 1. The other reinforcing rod 6 is shown having an
extended thread 7 which runs further down the reinforcing
rod 6 and extends onto non-upset regions of the rod, but

in those regions, the thread is not fully formed but

serves to allow a coupler 8 and lock nut 9 to be fully
screwed onto the rod 6.

Although the threaded region of the rod 6 appears
different to that of Figures 1 and 2, it should be
appreciated that the thread is, in fact, formed in
accordance with the method described in relation to those
Figures. The thread of the bar 6 being fully formed only
in those regions which have been subjected to the minimal
upsetting operation.

The method of connecting rod 5 to rod 6 will now be
described.

In Figure 3(II) the lock nut 9 and coupler 8 are
screwed onto rod 6 until an end region of the coupler 8 is
approximately flush with the end of rod 6. Thereafter, in
Figure 3(III), the rod 6 is moved towards rod 5 until
their ends abut. Coupler 8 is then rotated in Figure

3(IV) onto rod 5 until it reaches the thread run out on.

that bar and, at this point, the abutment region between
the two rods is approximately mid-way along the coupler 8.
In Figure 3(V), a wrench is shown being used to ensure
that the coupler 8 is at the end of the thread run out of
rod 5. In figure 3(VI), the lock nut 9 is moved towards
coupler 8, by rotation, and in Figure 3(VII), the wrench
is used to tighten the lock nut 9 so as to prevent further
movement of the coupler 8.



reduced by a very small anount. A yet further advantage of the
combi nation of providing a mniml upset and thread rolling is that a
snmal | er diameter and shorter connecting sleeve (coup#e%}—%haﬁ—mas—“”—“

and this has the beneficial effect of ensuring that T
have the | east stiffening effect caused by a f

manner
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hi s

previ ously possible nay be utilized to connect two th ﬁi eenﬁepﬁag et her,

|

The method of assembling reinforcement rods 5 and 6

- 9 -

utilizing the system shown is particular advantageous as
only rotation of the coupler and lock nut is required, and

‘no rotation of either of the rods is necessary.

Of course, many different variations of the coupling
technique shown may be envisaged, and it may not be
necessary to utilize a lock nut.

The reader’s attention is directed to all papers and
documents which are filed concurrently with or previous to
this specification in connection with this application and
which are open to public inspection with this
specification, and the contents of all such papers and
documents are incorporated herein by reference.

All of the features disclosed in this specification
(including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or
process so disclosed, may be combined in any combination,
except combinations where at least some of such features
and/or steps are mutually exclusive. '

Each feature disclosed in this specification
(including any accompanying claims, abstract and
drawings), may be replaced by alternative features serving
the same, equivalent or similar purpose, unless expressly
stated otherwise. Thus, wunless expressly stated
otherwise, each feature disclosed is one example only of
a generic series of equivalent or similar features.

The invention is not restricted to the details of the
foregoing embodiment(s). The invention extends to any
novel one, or any novel combination, of the features
disclosed in this specification (including any



mechani cal joint. Furthernore, if a coupler of smaller dianeter is used

then | ess concrete is required to cover the rods. The invention i udes
t hreaded rods produced in accordance with the abovenenti met hod. An
‘enbodi ment of the present invention will now be deéscribe ¥n cedf

exanple, with reference to the acconpanying diagr ¢ Has , in
whi ch: Figures 1A to 1D schematically show a net hod \ tion in
accordance with the present invention; Figure 2 is a

cross-sectional view show ng 10

accompanying claims, abstract and drawings), or to any
novel one, or any novel combination, of the steps of any
method or process so disclosed.



a.region "X' of the rod shown in Figure 1D, and Figures 3(1) to 3(VIl)
illustrate a nethod for connecting together a pair of deforned st eel
rei nforcing rods, by means of a coupler. Referring initially to Figures 1A

to 1D, a nmethod of thread formation will now be described. Figure 1A-shows

an'end region 1 of a reinforcing rod for use in the reinforcenent of

concrete structures. The rod 1 has a nunber of ri dgeﬂmmm'“m“wﬁ“m

conventional) to provide a et e e S
- 11 -

CLAIMS

1. A method of forming a thread on at least one end
"region of a deformed steel reinforcing rod, the method
5 comprising:

cold upsetting an end region of the rod having a
nominal diameter, so as to increase the diameter of the
end region to a new, upset, diameter greater than the

10 nominal diameter; and .

rolling a thread onto the end region, so as to
produce a threaded region having a thread major diameter,
which is greater than the nominal diameter and a thread

15 minor diameter which is less than the nominal diameter.

2. A method according to claim i, wherein upsetting the

end region produces an upset end region having a'lehgth

which is typically 110% of the thread diameter (taken from
20 peak to peak). -

3. A method according to claim 1 or 2, wherein the
method further comprises a step of skimming the end region
of the rod.

25
4, A method according to claim 3, wherein said step of
skimming the end region of the rod is carried out
intermediate said cold upsetting and thread rolling steps.

30 5. A method according to any of the preceding claims,
wherein the thread minor diameter is not greater than 90%
of the nominal diameter of the rod.

6. A method according to any of the preceding clains,
35 wherein rolling the thread onto the end region produces a

This Sheet Has Been Reili]ced o
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-6- mechani cal key between steel and concrete wthin a conpleted
concrete structure. The first step in the nethod of the present invention

involves gripping the rod 1, by holding a region Y firmy wthi-n—a¢die and

exerting conpressive pressure on an end face 3 of the rod. | ving this
conpressive force results in the end part of the rod““lma“l“lm ﬁumuﬁhtly
wWth respect to the rest of the rod. The anount of ol i s eful |y
controlled so as to provide an

- 12 -

thread having an effective diameter 1larger than the
nominal diameter.

7. A method according to any of the preceding claims,
5 wherein the upset diameter of the end region of the rod is
not greater than 110% of the nominal diameter D.

8. A method according to any of the preceding claims,
wherein the thread is of a formation having enlarged major
10 and minor root radii.

9. A method according to any of the preceding claims,

wherein the thread is of a relatively coarse pitch, to

enable a greater speed of assembly when forming a
15 connection to the end of the rod.

10. A method according to any of the preceding claims,
wherein the thread is a parallel thread.

20 11. A method substantially as ‘herein described with
reference to the accompanying drawings.

12. A threaded rod produced in accordance with any of the
.preceding claims.
25

This Sheet Has Been Replaced
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initial upset of no nore than 10% i ncrease in dianeter over the nom na
dianeter of the rod 1 for a length Z of approximately 110% of a thread
diameter D2. Limting the anbunt of upset to this maxi mum figure has the
beneficial effects of mnimsing reductions in the Iength of the rod 1
caused by such conpression. A rod which has undergone-this nminimal
upsetting procedure is shown in Figure 1B. The next step I n the operation
shown is to skimand chanfer the end of the rod so as™s éH@Wbaﬂh aded dgeS

2 fromthe mnimally upset region so as tQ_provide a c 4. This
ski mmi ng - 13-

ABSTRACT
THREAD FORMATION

5 The invention relates to thread formation and
particularly to the formation of threads on deformed steel
reinforcing rods. The method of forming a thread on the
steel réinforcing rod comprises the steps of cold
upsetting an end region (1) of a deformed steel

10 reinforcing rod having a nominal diameter, the upsetting
being arranged to increase the diameter of the end region
to a new, upset, diameter greater than the nominal
diameter, rolling a thread onto the end region (1) so as
to produce a threaded region having a thread major

15 diameter which is greater than the nominal diameter and a
thread minor diameter which is 1less than the nominal
diameter. The formation of such a thread enables the
production of mechanical connections between pairs of
rods, the connections having a strength greater than that

20 of the rods being connected to one another.

[Figure 1]



process may be achieved sinply by performng a turning operation on the end"
of the rod. The final step of the method is to roll a thr8&gSheates BddSRepaced
skimed region 4 so as to arrive at the situation shown in )

region Wshown in Figure 1D extends over a |ength which |slml%”wm,ﬂmr
equal to the dianeter of the thread D2,-4fd-a | ead-in region | ed

as shown which conprises a partially threaded area fornmed at the inner
extent of the threaded region of the bal. The conbiBation

FIG. 1A

FIG. 1B

FIG. 1C

FIG. 1D




-7- of the partially threaded region V and the fully threaded region W
being equal to the length Z shown in Figure 1B. The nethod nmay be perforned
‘at a construction site, and need not be performed in a factory or vvorkshop
This is a significant advantage over prior systems,

upsetting, as hot upsetting nust be ca_% Ed out at a f and th| s
severely limts its application and rul é out any on- a“"lif/iﬂ een Replace

il

FIG.
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It has al so been found that the system of the present invention requires

| ess .equi pnment than was required for prior cold upsetting systens. Another

-advant age over prior systens, both hot and cold, is that these prior

systens tend to push a |arge anount of material further down the rod

itself. The equi pment utilized for t pgesent invention ensures that
andgq thereby pr ventsZ the formation of a

: ﬁ prior systens, S

material flow.is Igﬂted
| ong tapering neck of-
wasted material | eadin
rod as a

neck is effectively

FIG. 3(I)

5 10 , (i) (i)

FIG. 3(II)
5 10

FIG. 3(III)
5 8 7 9

N/l
R

VA

“\‘\ii\\\ i

FIG. 3(IV)




whole. Referring nowto Figure 2, an area "X' of the threaded end of
the rod 1 is showm. In the Figure, various reference letters D, D1, D2 and
:D3 are used and these refer to, respectively, the nom nal dianmeter of the
rod, the preturned (skimed) dianeter corrﬁgponding to the dianeter of the

skinmed region 4 in Figure 1C, the threa jor dianeter and the thread
m nor di aneter.

FIG. 3(V)

S 8 | g9 5
\ (/\/

FIG. 3(VI)

-—_ =
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FIG. 3(VII)




- 8 - It should be noted that

of the rod causes_materi al

fn Figure 2, to leer SHE@PfHAst@EEw
" L?SEQS,' "

manner, the thread
operation - the L+4s¢

-5 TPes

rolling the thread onto the preturnedmgzd 4
whi ch was previously below the dotted Iine shown
posi ti on above the dotted |ine.
fact subjected to a second cold working
ed when conpressing the end of the rod as

In this

shown in Figure 1B. The conbination of £he benefits of thread rolling

together wi th the enhanced nechani cal

properties achi eved

CONNECTTON SYSTEM FOR DEFORMED STEEL REINFORCING RODS

.The invention relates to thread formation.
Particularly the invention relates to the formation of
threads on deformed steel reinforcing rods for reinforced
concrete structures. '

According to a first aspect of the inveption, there
is provided a connection system for deformed steel

reinforcing rods, whereby a connection is formed between
adjoining rods such that threaded end regions of the rods
have strength characteristics which are greater than or at
least equal to the strength characteristics of un-threaded

regions of the rods, the system comprising:

cold upsetting an end,

connection,

region of the

deformed steel reinforcing rods having a nominal diameter
so as to increase the diameter of the end regions to a
new, upset, diameter greater than the nominal diameter;

skimming the upset end regions;

rolling a 'thfead onto the end regions so as to

produce the threaded regions,
substantially all points along their length,

which regions have, at

a thread

major diameter which is greater than the nominal diameter

and a thread minor diameter which is less than the nominal

diameter ; and

coupling

threaded coupler.

Preferably,

said threaded regions together with a

the step of upsetting includes using a

die to receive the end region of the rod so as to form a

uniform diameter in the upset end region.
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by the m nimal upsetting provides the threaded region with strength
characteristics which are equal to or greater than the characteristics of
i he unthreaded regions of the rod. Wth regard to the various.relative

di mensions of D, D1, D2 and D3, the preturned dianeter D1 is typically no
nore than 5% | arger than the nom nal dianeter of the rod D, and D3, the
m nor di ameter of the thread, undercuts~[2by around 12% As a consequence

of the nethod, a nmuch smaller thread size is required than thﬁ% whi ch was
previ ously requird¥eterably, upsetting the end region produces an

upset end region having a length which is vypically 110%
_of the thread diameter (taken from peak to peak).

Preferably, the thread minor diameter is not greater
than 90% of the nominal diameter of the rod.

Preferably, rolling the thread onto the end region
produces a thread having an effective diameter larger than
the nominal diameter. - )

Preférably, the upset diameter of the end region of
the rod is no greater than 110% of the nominal diameter D.

Preferably, the thread is of a formation having
enlarged major and minor root radii. '

Preferably, the thread is of a relatively coarse
pitch, to enable a greater speed of assembly when forming
a connection to the end of the rod.

Preferably, the thread is a parallel thread.

According to a second aspect of the invention,” there
is provided a joint device formed between threaded end
regions of two reinforcing steel rods having a given
nominal diameter, said threaded end regions having
strehgth characteristics greater than or at least equal to
the strength characteristics of unthreaded regions of the
reinforcing rods, said joint device comprising: '

an enlarged end portion formed at each of said end
regions by cold-upsetting the end of each of said
reinforcing steel rods, said enlarged end portion. having
a substantially uniform diameter greater than said nominal

HE*LACEMENT SHEET

11 DEC 1997




Wi th prior systens. This, initself, presents major advantages in that
with a reduced thread size, it is possible to manufacture smaller couplers
for linking threaded ends of rods together. By having a snaller dianeter
coupler, it is possible to reduce the anmount of concrete which is used-in a
structure. This is because buil ding codes of practice require a mninmm

t hi ckness of .concrete be between any poi-ht3 6§ the reinforcing rods, and the
surface. By reducing the thread size, the overall. dianeter including the
coupl er, is tddameteredadddenldrgedr ehdr portiencfurther havisguartehiread

cover Structufg;d% is formed by thread-rolling and which has, at
-substantially all points along said thread, a thread major
diameter greater than said nominal diameter and a thread
minor diameter smaller than said nominal diameter; and

a threaded coupler sleeved around said thread of said
enlarged end portion of said rods.

Preferably, the device further comprises a nut to be
sleeved around said enlarged end portion of one of said
rods ‘for 1locking against movement of said threaded
coupler. -

Said enlarged end portion preferably has a length
which is typically 110% of the thread diameter (taken from
peak to peak).

Said thread minor diameter is preferably not gréater
than 90% of said nominal diameter of the rod.

Said thread preferably has an ‘effective diameter
larger than said nominal diameter.

The diaméter of said enlarged end portion is
preferably not greater than 110% of said nominal diameter.

Said thread is preferably of a formation having
enlarged major and minor root radii. '

Said thread is preferably of a relativey coarse pitch
to enable a greater speed of assembly of the joint.

Preferably, said thread is a parallel thread.
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a whol e. -9- It has also been found that a coarser pitch cf thread ("P"
of Figure 2) may be achieved nmeaning |less turns per threaded netre, and
this leads to an increased speed of assenbly as fewer turns of a coupler
are required. Typically, the assenbly tinmes can be reduced by 20% Al though
the invention is not limted to a particul ar

-4-

The formation of such a thread as detailed in the
above aspects enables the production of mechanical
connections between pairs of rods, the connections having
a strength greater than that of the rods being connected

to one another.

The upsetting operation as specified above produces-
full formed rolled threads. The effective diameter of
such threads is typically around 5% greater than the
nominal diameter of the bar.

Such "minimal® upsetting reduces the volume of upset
material by up to 70% compared with prior systems, yet rod
strength is not compromised by the reduced upsetting.

A further benefit of cold minimal upsetting is that

this gives an important advantage of enabling

- transportable equipment to be used. In addition, minimal

upsetting may be carried out during a much shorter time

period than is required by prior art systems. Typically,

the time saving over previous cold upsetting systems is in
the order of 60%.

Other prior systems using hot forging methdds to
produce threaded rods have substantially higher energy
requirements than that of the present invention due to
their need to preheat the end regions of the rod.

Whenever any type of upsetting is utilized to
increase the diameter of a region of a rod, rod length is
always reduced. By minimizing the amount of upset, a
further beneficial effect is that rod length is- only
reduced by a very small amount.
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type of thread, it has been found to be advantageous to provide threads

whi ch have increased mnor and major root radii. Doing this has been found
‘to provide benefits in the formof reducing the stress concentration factor
within the thread itself so as to provide further benefits in terns of
dinmproved fatigue life. Figures 3(1) to 3(VIl) show a manner in which a pair
of reinforcing rods may be connected tOgetfier. Referring to the Figures
3(1) to 3(VIl), it wil] be noted that a first reinforcing rod 5 has a
threaded-end regi®n ¥8tsi fnraher, 8 ?nBFQFhe°feiﬁPSrcFﬁngBGtéﬁ@anQn

providing a minimal upset and thread roiling is thact a
~smaller diameter and shorter connecting sleeve (coupler)
than was previously possible may be utilized to connect
two threaded ends together, and this has the beneficial
effect of ensuring that rods joined in this manner have
the least stiffening effect caused by a full strength
mechanical joint.

Furthermore, if a coupler of smaller diameter is used
then less concrete is required to cover the rods.

The invention includes threaded rods produced in
accordance with the abovementioned method.

An embodiment of the present invention will now be
described, by way of example, with reference to  the
accompanying diagrammatic drawings, in which:

‘Figures 1A to 1D schematically show a method of
thread formation in accordance with the present invention;

Figure 2 is an enlarged cross-sectional view sdeing
a region "X" of the rod shown in Figure 1D; and

Figures 3(I} to 3(VII) illustrate a method for
connecting together a pair of deformed steel reinforcing
rods, by means of a coupler.

Referring initially to Figures 1A to 1D, a method of
thread formation will now be described. Figure 1A shows
an end. region 1 of a reinforcing rod for use in the
reinforcement of concrete structures. The rod 1 has a
number of ridges 2 (which are'conventional) to provide a
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Figure 1. The other reinforcing rod 6 i s shown having an extended thread 7
which runs further down the reinforcing rod 6 and extends onto non-upset
Fegions of the rod, but in those regions, the thread is not fully fornmed
but serves to allow a coupler 8 and lock nut 9 to be fully screwed onto the
rod 6. Al though the threaded region of the rod 6 appears different to that
of Figures 1 and 2, it should be apprec+ated that the thread is, in fact,
formed in accordance with the nethod described in relation to those

Fi gures. The mévhamiicdlt heeparbétweeng Steke}l f andedcomicrete within a

completed concrete structure.

The first step in the method of the present invention
involves gripping the rod 1, by holding a region Y firmly
within a die and exerting compressive pressure on an end
face 3 of the rod. Applying this compressive force
results in the end part of the rod being upset slightly
with respect to the rest of the rod. The amount of
upsetting is carefully controlled so as to provide an
initial upset of no more than 10% increase in diameter
over the nominal diameter of the rod 1 for a length Z of
approximately 110% of a thread diameter D2.

Limiting the amount of upset to this maximum figure
has the beneficial effects of minimising reductions in the
length of the rod 1 caused by such compression.

'.A rod which has undergone this minimal upsetting
procedure is shown in Figure 1B. The next step in the
'operation shown is to skim and chamfer the end of the rod
so as to remove the ridges 2 from the minimally upset
region so as to provide a cleaned up end 4. This skimming
process may be achieved simply by performing a turning
operation on the end of the rod. :

The final step of the method is to roll a thread onto
the skimmed region 4 so as to arrive at the situation
shown in Figure 1D. ' '

The region W shown in Figure 1D extends over a length
which is substantially equal to the diameter of the thread
D2, and a lead-in region V is provided as shown which
comprises a partially threaded area formed at the inner
extent of the threaded region of the .bar. The combination
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i n those regions which have been subjected to the mniml upsetting
operati on. - 10 - The nethod of connecting rod 5 to rod 6 will now be
described. In Figure 3(11) the lock nut 9 and coupler 8 are screwed onto
rod 6 until an end region of the coupler 8 is approximately flush with the
end of rod 6. Thereafter, in
-7 -
of the partially. threaded region V and the fully threaded
region W being equal to the length Z shown in Figure 1B.

The method may be perférmed at a construction site,
and need not be performed in a factory or workshop. This
is a significant advantage over prior systems, which carry
out hot upsetting, as hot upsetting must be carried out at
a factory, and this severely limits its application and
rules out any on-site usage.

It has also been found that the system of the
present invention requires less equipment than was
required for prior cold upsetting systems.

_ Another advantage over prior systems, both hot and
cold, is that these prior systems tend to push a large
amount of material further down the rod itself. . The
equipment utilized for the present invention ensures that
material flow is 1limited, and thereby prevents the
formation of a long tapering neck of material. 1In prior
systems, this neck is effectively wasted material leading
to an unnecessary reduction in the length of the rod as a
whole.

Referring now to Figure 2, an area "X" of the
threaded end of the rod 1 is shown.

- In the Fiéure, various reference letters D, D1, D2
and D3 are used and these refer to, respectively, ' the
nominal diameter of the rod, the preturned (skimmed)
diameter corresponding to the diameter of the skimmed
region 4 in Figure 1C, the thread major diameter and the
thread minor diameter. D
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Figure 3(IIl), the rod 6 is noved towards rod 5 until their ends abut.
Coupler 8 is then rotated in Figure 3 (IV) onto rod 5 until it reaches the
thread run out on that bar and, at this point, the abutnent regi on between
the two rods is approximately m d-way along the coupler 8. In Figure 3 (V),
a wench is shown being used to ensure-that the coupler 8 is at the end of
the thread run out of rod 5. In figure=3@Vk), the lock nut 9 is noved
towards coupler 8, Dby rotation, and in Figure 3(VIl), the wench is used to
tighten the | ock DUtsﬁoamdabetmqmaamnhaﬁLw¢lmmnthBEEMhndadfnntnnmmer

preturned end 4 of the rod causes material which was
.previously below the dotted line shown in Figure 2, to be
displaced to a position above the dotted line. In this
manner, the threaded region is in fact subjected to a
second cold working operation - the first being achieved
when compressing the end of the rod as shown in Figure 1B.

The combination of the benefits of thread rolling
together with the enhanced mechanical properties achieved
by the minimal upsetting provides the threaded region with
strength characteristics which are equal to or greater
than the characteristics of the unthreaded regions of the
rod.

With regard to the various relative dimensions of D,
D1, D2 and D3, the preturned diameter D1 is_typically no
more than 5% larger than the nominal diameter of the rod
D, and D3, the minor diameter of the thread, undercuts D
by around 12%. '

As a consequence of the method, a much smaller thread
size is regquired than that which was previously required,
with prior systenms. This, in itself, presents  major
advantages in that with a reduced thread 'size, it is
possible to manufacture smaller couplers for 1linking
threaded ends of rods together. By having a smaller
diameter couplef, it is possible to reduce the amount of
concrete which is used in a structure. This is because
building codes of practice reguire a minimum thickness of
‘concrete be between any point of the reinforcing rods, and
the surface. By reducing the thread size, the overall
diameter including the couﬁier, is théreby_reduced and
therefore less concrete is required to cover structure as

2. whole.

...__1




The nethod of assenbling reinforcenent rods 5 and 6 utilizing the system
shown is particularly advantageous as only rotation of the coupler and | ock
“hut is required, and no rotation of either of the rods is necessary. O
course, many different variations of the coupling technique shown may be
envi saged, and it may not be necessary 29 utilize a lock nut. CLAI M5

it has also been found that a coarser pitch cf thread
("P" of Figure 2) may be achieved meaning less turns per
threaded metre, and this leads to an increased speed of
assembly as fewer turns of a coupler are reqﬁired.
Typically, the assembly times can be reduced by ZO%L

Although the invention is not limited to a particular
type of thread, it has been found t6 be advantageous to
provide threads which have increased minor and major root
radii. Doing this has been found to provide benefits in
the form cf reducing the stress concentration factor
within the thread itself so as to provide further benefits
in terms of improved fatigue life.

Figures 3(I) to 3(VII) show a manner in which a pair
of reinforcing rods may be connected together.

Referring to the Figures 3(I) to 3(VII), it will be
noted that a first reinforcing rod 5 has a threaded end
region 10 similar to that of the reinforcing rod shown in
Figure 1. The other reinforcing rod 6.is shown having an
extended thread 7 which runs further down the reinforcing
rod 6 and exterds onto non-upset regions of the rod, but
in those regions, the thread is not fully formed but
serves to allow a coupler 8 and lock nut 9 to be fully
screwed onto the rod 6.

Although the threaded region of the rod 6 appears
different to that of Figures 1 and 2, it should be
appreciated that the thread is, in fact, formed in
accordance with the method described in relation to those
Figures. The thread of the .bar 6 being fully formed only
in those regions which have been subjected to the minimal
upsetting operation.
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1. A connection system for deformed steel reinforcing rods, whereby a
connection is forned between adjoining rods such that threaded end regi ons
bf the rods have strength characteristics which are greater than or at

| east equal to the strength characteristics of un-threaded regions of the
rods, the system conprising: cold upsetting an end, connection, region of
the deformed steel reinforcing rods haw g a- nom nal dianeter so as to

i ncrease the dianeter of the end regions to a new, upset, dianmeter greater

than the noninal die@ehethodkofMcofiridtd ives ok sl £680-0d4SE will now be
" described.

In Figure 3(II) the lock nut 9 and coupler 8 are
screwed onto rod 6 until an end region of the coupler 8 is
approximately flush with the end of rod 6. Thereafter, in
Figure 3(III), the rod 6 is moved towards rod 5 until
‘their ends abut. Coupler 8 is then rotated in Figure
3(IV) onto rod 5 until it reaches the thread run out on
that bar and, at this point,.the abutment region between
the two rods is approximately mid-way along the coupler 8.
In Figure 3(V), a wrench is shown being used to ensure
that the coupler 8 is at the end of the thread run out of
rod 5. In figure 3(VI), the lock nut 9 is moved towards
coupler 8, by rotation, and in Figure 3(VII), the wrench
is used to tighten the lock nut 9 so as to prevent further
movement of the coupler 8. '

. The method of assembling reinforcement rods 5 and 6
utilizing the system shown is particularly advantageous as
only rotation of the coupler and lock nut is required, and
no rotation of either of the rods is necessary.

Of course, many different variations of the coupling
technique shown may be envisaged, and it may not be
necessary to utilize a lock nut.
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rolling a thread onto the end regions so as to produce the threaded
regi ons, which regions have, at substantially all points along their

l'ength, a thread najor.dianeter which is greate;ﬁiﬂgﬂﬂlhﬁ_non+ﬁa%~d|aneter
and a thread m nor dianeter which is | ess than the nom nal dianet and
coupl ing said threaded regions together with a th m\ﬁmmmt @

system according to claiml1l, wherein the 1t ep of ﬂi\ S usmg a
die to receive the end region of the rod so as to sorm aun? f orm di anet er
in the upset CLAIMS

1. A connection system for deformed steel reinforcing
rods, whereby a connection is formed between adjoining
Tods such that threaded end regions of the rods have
strength characteristics which are greater than or at
least equal to the strength characteristics of un-threaded
regions of the rods, the system comprising: '

cold upsetting an end, connection, region of the
deformed steel reinforcing rods having a nominal diameter
so as’ to increase the diameter of the end regions to a
néw, upset, diameter greater than the nominal diameter;

skimming the upset end regions;

rolling a thread onto the end regions so as to
produce the threaded regions, which regions have, at
substantially all points along their 1length, a thread
major diameter which is greater than the nominal diameter
and a thread minor diameter which is less than the nominal
diameter; and .

coupling said threaded regions together with a
threaded coupler. '

2. A system according to claim 1, wherein the step of
upsetting includes using a die to receive the end region
of the rod so as to form a uniform diameter in the upset
end region.

3. A system according to claim 1 or 2, wherein upsetting
the end region produces an upset end region having a
length 'which is typlcally 110% of the thread diameter
(taken from peak to peak).

EIRCLICIRIEC
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end region.

110% of the thread dianeter (taken from peak to peak
system according to claim1, 2 or 3, mhereln the thr

3. A system according to claim1l or 2——mhe%e+ﬁ~uﬁse%%%ﬁg t he

end region produces an upset end region having a Ien wl | ch |su%m3| caIIy

A

not greater than 90% of the

- 12 -

4. A system according to claim 1, 2 or 3, wherein the
thread minor diameter is not greater than 90% of the
nominal diameter of the rod..

5. A system according to claim 1, 2, 3 or 4 wherein
rolling the thread onto the end region produces a thread
having an effective diameter larger than the nominal
diameter.

6. A system according to any of the preceding claims,
wherein the upset diameter of the end region of the rod is
not greater than 110% of the nominal diameter D.

7. A system according to any of the preceding claims,
whgrein the thread is of a formation having enlarged major
and minor root radii.

8. A system according to any'of the preceding clainms,
wherein the thread is of a relatively coarse pitch, to
enable a greater speed of assembly when forming a
connection to the end of the rod.

9. A system according to any of the preceding claims,
wherein the thread is a parallel thread.

10. A system substantially as herein described, with
reference to the accompanying drawings.

11. A joint device formed between threaded end regions of
two reinforcing steel rods having a given nominal
diameter, said threaded end regions having strength
characteristics greater than or .at least equal to the
strength characteristics of unthreaded .regions of ‘the
reinforcing fods, said joint device comprising:




nom nal

di aneter of the rod. 5. A systemaccording to claiml1, 2, 3

wherein rolling the thread onto the end regi on prod

' ' | i uces a thread having an
effective dianeter |arger than the nom nal dianeter. System

according to any of the preceding clains, wherein the
end region of the rod 'is not greater: than 110% of the \'ﬂ@i HDW
7. A system according to. any of the prggedi ng clal e &
S of a formation having enl arged major and m nor . root radii

an enlarged .end portion formed at each of said end

.regions by cold-upsetting the end of each of said

reinforcing steel rods, said enlarged end portion having
a substantially uniform diameter greater than said nominal
diameter said enlarged end portion further having a thread
which is formed by thread-rolling and which has, at
substantially all points along said thread, a thread major
diameter greater than said nominal diameter and a thread
minor diameter smaller than said nominal diameter; and

- a threaded coupler sleeved around said thread of said
enlarged end portion of said rods.

12. A Jjoint device acéording to claim 11, further
comprising a nut to be sleeved around said enlarged end
portion of one of said rods for locking agalnst movement
of said threaded coupler.

or 4

f the

read

13. A joint device according to claim 11 or 12, wherein

said enlarged end portion has a length which is typically

'110% of the thread diameter (taken from peak to peak).

14. A joint device according to claim 11, 12 or 13,
wherein said thread minor diameter is not greater than 90%
of said nominal diameter of the rod. ’

15. A joint device according to any of claims 11 to 14,
wherein said thread has an effective diameter larger than
said nominal diameter.

16. A joint device according to any of claims 11 to 15,
wherein the diameter of said enlarged end portion is not
greater than 110% of said nominal diameter.




8. A system according to any of the preceding clains, wherein.-the thread
is of arelatively coarse pitch, to enable a greater speed—ef—assenbly when
formng a connection to the end of the rod. 9. A systcgﬁlaccordi ng to any

of the preéceding clainms, wherein the thread is a parall u”yﬁjm”ﬂm”m

system substantially as herein described, with referen
acconpanyi ng drawi ngs. 11.- A joint devi cg formed between t hr eadeli end *
regi ons of two reinforcing steel rods ha ?ng a given nom nal dianeter, said .

threaded endlrﬁgi Rnﬁoli?x\éi '&%v?cree%&rding to any of claims 11 to 1§,
' - wherein said thread is of a formation having  enlarged
‘major and minor root radii.

18. A joint device according to any of claims 11 to 17,
wherein said thread is of a relative coarse pitch to
enable a greater speed of assembly of the joint.

19. A joint device according to any of claims 11 to 18,
wherein said thread is a parallel thread. '
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characteristics greater than or at |east equal to the strength

characteristics of unthreaded regions of the reinforcing rods, said joint

~device conpri sing: an enl arged end portion forned at each of said end
regions by col d-upsetting the end of each of said reinforcing steel rods,

said enlarged end portion having a substantially uniforntfg i
than said nom nal dianeter said enlarged end portion fur r i EEN
t hread REPLACE

-15 -

ABSTRACT

CONNECTION SYSTEM FOR DEFORMED STEEL REINFORCING RODS

The invention relates to thread formation and
particularly to the formation of threads on deformed steel
reinforcing rods. The method of forming a thread on the
steel reinforcing rod comprises the steps of cold
upsetting an end region (1) of a deformed steel
reinforcing rod having a nominal diémeter, the upsetting
being arranged to increase the diameter of the end region
to a new, upset, diameter greater than the nominal
diameter, rolling a thread onto the end region (1) so as
to produce a threaded region having a thread major
diameter which is greater than the nominal diameter and a
thread minor diameter which is less than the nominal
diameter. The formation of such a thread enables the
production of mechanicai connections between pairs of
rods, the connections having a strength greater than that
of the rods being connected to one another.

{Figure 1]

Sheet Has Been Rep laced :
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which is formed by thread-rolling and which has, at substantially al

points along said thread, a thread major dlaneter .greater than said nom na
tdi ameter and a thread m nor dianeter smaller than said nom nal dianeter;
and a threaded coupler sleeved around said thread of said enlarged end
portion of said rods. 12. A joint devnce according to claim 11,
further conprising a nut to be sleeved around said enl arged end portlon of
one of said rods for |ocking against noqenent of said threaded coupler. 13.
A joint device according to claim1l or {2, mherein/

/
I3

FIG. 1A

FIG. 1B
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FIG. 1C

FIG. 1D
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-

said enlarged end portion has a length which is typically 110% of the

thread di aneter (taken from peak to peak). 14. A joint device according to -

claim11, 12 or 13, wherein said thread minor dianeter is not greater than-

-~ 90% of said nomi nal dianmeter of the rod. 15. A joint device according to
any of clains 11 to 14, wherein said thread has an effective dianeter

| arger than said nom naI di aneter. 16.2A joint device according to any of

clains 11 to 15, wherein the dianeter of said enlarged end portion is not

greater than 110% of said nominal dianeter.

/

FIG.
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- 14 - 17. Ajoint device according to any of clains 11 to 16, wherein said
thread is of a formation having enlarged nmajor and mnor root radii. 18. A
‘joint device according to any of clainms 11 to 17, wherein said thread is of
a relative coarse pitch to enable a greater speed of assenbly of the joint.
19. A joint device according to any of clainms 11 to 18,

FIG. 3(II)
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FIG. 3(III)
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FIG. 3(1V)




wherein said thread is a parallel thread.

FIG.  3(V)
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| CFIG.  3(VI) |
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REINFORCEMENT SPLICING SYSTEM

The invention relates to thread formation.
Particularly the invention relates to the formation of .
threads on deformed steel reinforcing rods for reinforced
concrete structures.

According to.a.first aspect of the invention, there
is provided a connection ‘'system for deformed steel
reinforcing rods, whereby a connection is formed between
adjoining rods such that threaded end regions of the rods
have_strength characteristics which are greater than or at
least equal to the étrength characteristics of un-threaded
regions of the rods, the system comprising: '

cold upsetting an end, connection, region of the
deformed steel reinforcing rods having a nomlnal diameter
'so as to increase the diameter of the end regions to a
new, upset, diameter greater than the nominal diameter;

skimming the upset end regions;

rolling a thread onto the end regions so as to
produce the threaded regions, which regions have, at
substantially all points along their length, a thread
major diameter which is greater than the nominal diameter
and a thread nminor dlameter which is less than the nominal
dlameter, and

_ coupling said threaded regions together with a
threaded coupler. '

Preferably, the step of upsetting includes using a
die to receive the end region of the rod so as to form a
uniform diameter in the upset end region.
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ABSTRACT

REINFORCEMENT SPLICING SYSTEM

The invention relates to thread formation and
particularly to the formation of threads on deformed steel
reinforcing rods. The method of forming a thread on the
steel reinforcing rod comprises the' steps of cold
upsetting an end region (1) of a deformed steel
reinforcing rod having a nominal diameter, the upsetting
being arranged to increase the diameter of the end region
to a new, upset, diameter greater than the nominal
diameter, rolling a thread onto the end region (1) so as
to produce a threaded region having a thread major
diameter which is greater than the nominal diameter and a
thread minor diameter which is less than the nominal
diameter. The formation of such a thread enables the
production of mechanical connections between pairs of
rods, the connections having a strength greater than that
of the rods being connected to one another.

(Figure 1]



