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I*I Industrie Canada  Industry Canada



2184015

ABSTRACT OF THE DISCLOSURE

A high strength steel strand for PC of a wire material having a pearlite structure
and containing 0.80 to 1.30 % of C, 0.60 to 2.50 % of Si and 0.30 to 1.50 % of Mn,
remainder being Fe and unavoidable impurities, wherein a cementite portion of
the wire material comprises a mixed structure of fibrous cementite and granular
cementite, the volumetric proportion of the granular cementite to the total
cementite is 10 to 40 %, the particle diameter of the granular cementite is 40 to

300A, and the strand has a tensile strength of 235 kgf/mm? or higher and an

elongation of 3.5 % or greater.
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TITLE OF THE INVENTION

High Strength Steel Strand for Prestressed Concrete and Method for

Manufacturing the Same

BACKGROUND OF THE INVENTION AND PRIOR ART STATEMENT

The present invention relates to a high strength steel strand for
prestressed concrete (hereinafter referred to as steel strand for PC) and a
method for manufacturing the same.

In recent years, as concrete has become more strengthened, concrete
structures have become larger, longer and/or lighter-weight. Reflecting this,
there is a strong demand to strengthen steel strand for PC for reinforcing the
concretes.

Many researches and developments have been and are being made on
steel wires having a high strength and an excellent ductility and on methods for
manufacturing such wires. For examples, Japanese Examined Patent
Publication No. 5-26851 discloses a method for manufacturing a steel wire
having a high strength and a high ductility according to which a wire is cooled
with water immediately after being drawn. Further, Japanese Unexamined
Patent Publication No. 3-271329 discloses a method for manufacturing a high
strength wire having a fine pearlite structure not including pro-eutectoid
cementite. Further, Japanese Unexamined Patent Publication No. 2-197524
discloses a method for manufacturing a fine high tensile steel wire.
Relationship between the diameter and the tensile strength of the wires
disclosed in the above publications is shown in FIG. 1. A horizontal axis of
FIG. 1 represents the diameter of wires and strands, whereas a vertical axis of

FIG. 1 represents the tensile strength of these wires when they show elongation
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of 3.5 % or greater.

The term “ elongation” is used to indicate a degree of ductility for the
material. In case of the steel strand for PC, the elongation is measured by the
following steps: setting a test specimen by the chucks in a span of 600 mm, and
then pulling opposite ends thereof till fracture takes place and measuring the
elongated length at the time of fracture.

In the vertical axis, an elongation of 3.5% as shown in "JIS G 3536 steel
wires and steel strands for prestressed concrete" is used as a standard for
ductility. Further, the horizontal axis has a logarithmic scale. Samples
having a diameter of smaller than 9 mm are non-stranded wires (or element
wires), and those having a diameter of 9 mm or larger are steel strands. As can
been seen from FIG. 1, the tensile strength of the strands is about 220 to 230
kgf/mm2 The tensile strength of the wires is normally 230 kgf/mm? or less
than 230kgf/mm?2 Some wires have a tensile strength of 230 to 245 kgf/mm2.
However, if a strand is made of these wires, a shearing force acts at points of
contacts between the strands, thereby causing a fracture. Since a maximum
shearing strength is about 60 % of a tensile strength, it is difficult to highly
strengthen the strands. Accordingly, the tensile strength of the strands tends
to be 230 kgf/mm? or less than 230 kgf/ mm?.

As disclosed in "Prestressed Concrete Vol. 26, No. 3, May, 1984", from an
industrial point of view, 230 kgf/mm? is said to be substantially an upper limit
of the tensile strength range for generally and frequently used steel strands
which are made of seven wires and has a diameter of 12.7 mm for the following
reason. Generally, during manufacturing of steel strands for PC, after drawn
wires are stranded or braided, an aging treatment is performed in which the

strand is heated at a temperature of 300 to 450 °C to remove residual strains
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and improve a relaxation characteristic. In the case of steel wires having a
tensile strength of larger than 230 kgf/mm?2 as described above, the strands
made of these wires cannot be sufficiently heated during a short time aging
treatment after the stranding treatment, with the result that embrittlement
occurs due to a strain aging and, thus, ductility cannot be recovered. In order
to recover ductility, it can be considered to perform the aging treatment for a
longer period, e.g. several tens of minutes. However, in such a case, tensile
strength is lowered, productivity is lowered, and there are problems from an
industrial point of view. Itcan be also considered to shorten a heating time by
raising an aging temperature, for example, to 700°C or higher. In such a case,
operability is poor because the range of the heating time which provides the
strands with satisfactory properties is very narrow, and the properties of the
products largely vary with a small variation of the heating time. As a result, it
becomes difficult to strengthen the strands because low strength strands are also
included.

In view of the problems residing in the prior art, an object of the present
invention is to provide a high strength steel strand for PC and a method for
manufacturing such a strand. According to the method, the strands having
stable:properties are obtainable and are allowed to have a tensile strength of 235
kgf/mm? or higher and an elongation of 3.5 % or larger owing to an industrially
suitable aging treatment.

Accordingly, one aspect of the invention is directed to a high strength
steel strands for PC of a wire material having a pearlite structure and containing
0.80 to 1.30 % of C, 0.60 to 2.50 % of Si and 0.30 to 1.50 % of Mn, remainder
being Fe and unavoidable impurities, wherein

a cementite portion of a pearlite structure comprises a mixed structure of
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fibrous cementite and granular cementite,
the volumetric proportion of the granular cementite to the total cementite

is 10 to 40 %,

the particle diameter of the granular cementite is 40 to 3004, and
the strand has a tensile strength of 235 kgf/ mm? or higher and an

elongation of 3.5 % or greater.
With this structure, a high strength strand for PC can exhibit excellent
mechanical properties; a high tensile strength and a high ductility.

Another aspect of the invention is directed to a method of producing a
high strength steel strands for PC of a wire material having a pearlite structure
and containing 0.80 to 1.30 % of C, 0.60 to 2.50 % of Si and 0.30 to 1.50 % of Mn,
remainder being Fe and unavoidable impurities, comprising
the steps of:

a lead patenting step in which the wire is lead patented;

a drawing step in which the wire is drawn;

a stranding step in which the wire is stranded;

an aging step in which the wire is applied with a plastic elongation of
0.4 to 3% while being kept at a temperature of 200 to 600 °C for a time duration
of 2 to 1500 seconds.

According to this method, a high strength steel strand for PC having a
tensile strength of 235 kgf/mm? or higher and an elongation of 3.5% or greater
can be stably manufactured by choosing an adequate time duration for the
strand to undergo plastic deformation during the aging step with respect to a
selected aging temperature within the specified range.

Another aspect of the invention, the plastic elongation applied to the
strand can be 0.8 to 3%.
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With this method, a high strength strand for PC having a tensile
strength of 235 kgf/mm? or higher and an elongation of 5% or greater can be
stably manufactured by choosing an adequate time duration for the strand to
undergo plastic deformation during the aging step with respect to a selected
aging temperature within the specified range.

Yet another aspect of the invention, in the aging step a minimum time
required for the strand to be subjected to the plastic elongation as a function of
the temperature is determined in accordance with Fig. 2.

With reference to Fig. 2 of this application, the minimum time required
for the strand to be subjected to the plastic elongation to achieve specified
mechanical properties such as; a tensile strength and an elongation that
represents a ductility of the wire, can be easily measured. For example, the
conditions to gain the strand of 235 kgf/mm? (in the tensile strength) or higher
and 3.5% (in the elongation) or greater, or the strand of 235 kgf/mm?2or higher
and 5.0% or greater respectively can be determined as functions of the aging
temperature and the rate of the plastic deformation (a plastic elongation) .

Yet another aspect of the invention, in the aging step a time range of the
strand to be subjected to the plastic elongation as a function of the rate of plastic
deformation (elongation) is determined in accordance with Fig. 4.

With reference to Fig.4, a time range of the strand to be subjected to the
plastic elongation to achieve superior mechanical properties such as a tensile
strength of 235kgf/mm? or higher and an elongation of 3.5% or greater can be
easily determined as a function of the rate of plastic deformation (a plastic
elongation) .

Still another aspect of the invention, in the aging step the time duration

of the strand to be subjected to the plastic elongation as a function of the
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temperature is determined in accordance with Figs 2 and 4.

Though Fig. 2 provides a minimum holding time required for the
strand with specific characteristics recited in the above to undergo plastic
elongation during the aging treatment as a function of not only an aging
temperature but also the plastic elongation (a rate of plastic deformation) , this
figure does not provide a maximum holding time for the strand to undergo
plastic deformation during the aging treatment beyond which the wire does not
exhibit superior properties. Moreover, since the exact curved lines for the
strand undergoing plastic deformation of some rate between 0.4% and 0.8% or
0.8% and 3.0% were not provided in Fig.2, it requires the one to draw an
estimated curved line in Fig.2 in case the plastic deformation applied to the
strand is within the previously mentioned two ranges, namely 0.4 - 0.8% and 0.8
- 3.0% to estimate the minimum holding time required for the strand to achieve
superior properties. In this case, Fig. 4 would provide a better guide line for
the one to know the minimum time required for the strand to undergo plastic
deformation during the aging treatment as a function of rate of plastic
deformation along a X-axis. In addition, Fig. 4 provides also an upper limit for
the holding time of the strand to undergo plastic deformation during the aging
treatment. Therefore, the one can easily estimate with reference to both figures
the appropriate holding time for the strand to undergo plastic deformation to
achieve superior properties; a higher tensile strength and a greater elongation
while meeting the requirements of the production side.

These and other objects, features and advantages of the present invention
will become more apparent upon a reading of the following detailed

description and accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a graph showing a relationship between the diameter of high
strength steel wires and steel strands and the tensile strength thereof when they
have an elongation of 3.5 % or greater,

FIG. 2 is a graph showing a characteristic of strands in relation to aging
temperature, a rate of permitted plastic deformation at given aging temperature,
and a plastic deformation minimum holding time during which the strands are
permitted to undergo a plastic deformation,

FIG. 3 is a graph showing effects of the particle diameter of granular
cementite and the volumetric proportion of granular cementite to the total
cementite after heating concerning the tensile strength and the elongation,

FIG. 4 is a graph showing a relationship between a strain (a rate of plastic
deformation) caused by the plastic elongation and the plastic deformation
holding time, and

FIG. 5 is a diagram showing an exemplary apparatus for implementing a

method according to the invention.

MODES FOR EMBODYING THE INVENTION

" The content of each of the above components of this invention is limited
to the range described in the above for the following reasons.

C: Cis an element efficient and economical to increase strength to be

obtained by patenting treatment. However, if the content of C is less than
0.8 %, a desired strength cannot be obtained. Further, if the content of C is in
excess of 1.3 %, reticular cementite deposits in a grain boundary, as a result, the
ductility of the wires is considerably reduced. Accordingly, the range of the

content of C is set between 0.8 % and 1.3 %.
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Si : Si is an element necessary as a deoxidizer, and dissolves into ferrite,
thereby remarkably strengthening a solid solution. Further, Si in ferrite acts to
prevent a reduction of the wire strength caused by the aging treatment
performed after the drawing treatment. Thus, Si is an inevitable element to
manufacture a high strength steel strands. Therefore, the lower limit of the
range of the content of Si is set at 0.60 %. On the other hand, if Si is excessively
added, an excessive amount of SiO? and its relating materials exist in the wire.
This causes a reduction in the ductility of the steel wires after the drawing.
Thus, the upper limit of the range of the content of Si is set at 2.50 %.

Mn : Mn is also an element necessary as a deoxidizer and effective in
making the structure of the steel wire uniform in its cross section by improving
hardenability of steel. Therefore, the lower limit of the range of the content of
Mnis setat 0.30 %. However, an excessive addition of Mn is not practical
because it takes a longer time to transfer austenite structure to pearlite structure
during the patenting treatment. Accordingly, the upper limit of the range of
the content of Mn is setat 1.5 %.

Remainder includes Fe and unavoidable impurities.

Lead patenting is performed during the patenting treatment, normally at
a temf:verature of 540 to 570 °C without adding any special conditions.

After being lead-patented, drawn and stranded, wires made of steel
including 0.94 % of C, 1.45 % of Si and 0.52 % of Mn by weight were subjected
to aging treatment. Shown in Fig. 2 is the characteristic of the strands when
the aging temperature, the holding time and the plastic elongation (rate of
deformation) given under said aging temperature and the holding time are
changed. FIG. 2 shows a characteristic of the strands at the fixed aging

temperature with the fixed plastic deformation for the fixed holding time under
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said aging temperature. The plastic deformation holding time shown by the

desired mechanical properties, higher tensile strength and higher ductility, of
the strands while being heated at a specified temperature and the deformed
wires are kept at that temperature. An aging temperature lower than 200°C is
not effective from an industrial point of view because the aging treatment takes

an extremely long time for the curves exhibit sharp increase in the minimum
holding time as the aging temperature becomes lower than 200°C. Further, an
aging temperature of higher than 600°C is not suitable because the properties of
the strand drastically change. Accordingly, the aging temperature is set
between 200 °C and 600 °C.

FIG. 5 shows an apparatus for applying a heating treatment to strands.
The strand supplied from a strand supply drum 1 is preheated in a preheating
furnace 3. The strand is fed via a drive pulley 4, a heating furnace 5 and a
drive pulley 6, is cooled in a cooling bath 7, and is taken up by a take-up drum 8.
The strand is heated at a temperature of about 200°C or lower in the preheating
furnace 3, and is wound around the drive pulley 4 three times. Thereafter, the
strand is fed to the heating furnace 5 and is wound around the drive pulley 8
several times again. By setting a rotating speed V1 of the drive pulley 6
slightly faster than a rotating speed VO of the drive pulley 4, the plastic
elongation of the strand kept at the aging temperature can be desirably set. At

this stage, the strand is permitted to have a plastic elongation (&) expressed in

the following equation:
E(%)=(V1-V0)X100/VO0.

When the rate of deformation caused by the given plastic elongation is in
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excess of 3.0 %, there is a possibility that the strand is fractured during the
operation. Accordingly, an upper limit of the rate of deformation (or plastic
elongation) is set at 3.0 %.

In FIG. 2, at the treatment temperature of 400°C, a steel strand having
excellent properties: a tensile strength of 235 kgf/mm? or higher and an
elongation of 5 % or greater, can be obtained if the aging treatment is performed
for 2.4 seconds (point A) or more while giving a strain (or a plastic elongation)
of 3.0 %. This can be also seen in the aging treatment performed while a strain
(or a plastic elongation) of 0.8 % is given (point B) for little less than 12 seconds.
If the strain (or a plastic elongation) is 0.4 % (point C) or less, the aging
treatment takes 650 seconds (10.8 minutes) or longer. As a result, the strand
cannot be strengthened because the tensile strength thereof does not reach 230
kgt/mm? although the ductility of the strand can be restored. The ductility of
the strand can be represented by the elongation of the strand measured at the
time of its fracture. In other words, the strand has higher ductility when the
elongation of the same at the time of fracture is greater.

In the aging treatment in which a strain (a rate of plastic deformation) of
less than 0.2 % is given, the ductility cannot be restored even if the aging
treatment is performed for about 24 minutes (point D) or even longer since the
Si content of the material according to the invention is high, leading to
considerable strain aging and hardening. Thus, the strand experiences a
premature fracture in an elastic region during a tensile test. In other words,
the strand has a low tensile strength and experiences embrittlement. In a usual
aging treatment in which no strain (no plastic elongation) is given, the tensile
strength of the strand reaches only 210 to 230 kgf/ mm? by performing the

treatment for about 29 minutes (point E) or longer. Accordingly, the strand

10
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cannot have a high strength. If the aging treatment is continued for about 35
minutes in total (point F), the strand is suddenly softened.

The plastic deformation holding time during the aging treatment at the
aging temperature ranging from 200 °C to 600 °C as a function of a strain (also
referred to as a rate of plastic deformation or a plastic elongation) is shown in
FIG. 4. A curved line in the lower position shows the minimum aging
treatment holding time as a function of the plastic elongation and a curved line
in the higher position shows the maximum aging treatment holding time as a
function of the plastic elongation. From this figure, the minimum time
required to achieve the desired mechanical properties, i.e., a tensile strength of
235 kgf/mm?and an elongation of 3.5%, in case of the rate of plastic
deformation (or a plastic elongation) applied to the strand being 3.0%, is 2
seconds and the maximum holding time to achieve the same properties is 5
minutes. If the plastic elongation is applied to the strand under the same aging
conditions for more than 5 minutes , then it is likely that the strand becomes
softened. Similarly, in case of the rate of plastic deformation (a plastic
elongation) applied to the strand during the aging treatment being 0.4 %, then
minimum holding time to achieve the above-mentioned mechanical properties
is 200 seconds and the maximum holding time is 1500 seconds. If the strain (a
plastic elongation) is high, the softening occurs at an earlier stage. Itcan be
concluded from this figure that the lower the plastic elongation applied to the
strand during the aging treatment, the longer the holding time required to
achieve the desired mechanical properties such as tensile strength and ductility.
Accordingly, a maximum holding time for providing the satisfactory properties
is shorter when the plastic elongation applied during the aging treatment

becomes higher. Similarly, a minimum holding time for providing the

11
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satisfactory properties is shorter when the plastic elongation applied to during
the aging treatment becomes higher. Thus, the aging treatment time may be
suitably set as a function of thé rate of plastic deformation (an plastic
elongation) according to Fig. 4.

FIG. 2 shows that a treatment temperature of 200 to 600 °C is a condition
for obtaining the strand having an elongation of 3.5 % and a tensile strength of
235 kgt/mm?2.  The aging treatment minimum holding time is 2 to 1200
seconds, depending upon the rate of plastic deformation applied to the strand.

The rate of plastic deformation within the treatment temperature range is 0.4 to
3.0 % (an area below the curve of 0.4 % and above the curve of 3.0 % in FIG. 2).

Itis also seen from FIG. 2 that the rate of deformation is desired to be 0.8 to
3.0 % (an area below the curve of 0.8 % and above the curve 3.0 % in FIG. 2) in
order to realize an elongation of 5.0 % thereby to achieve even higher ductility.
Accordingly, Fig.2 and Fig.4 are to be referred to adequately find the
aging treatment holding time; as Fig. 2 provides a minimum holding time to
achieve possible mechanical properties as a function of a plastic deformation
rate and an aging temperature and Fig.4 provides a range of the holding time
including a minimum holding time and a maximum holding time to achieve
specified mechanical properties, a tensile strength of 235 kgf/mm? and an
elongation of 3.5%.

The technical significance of obtaining the high strength steel for PC
strand having high strength and high ductility lies in its characteristic metal
structure. In other words, in this product, the cementite has a mixed structure
of fibrous cementite and granular cementite.

FIG. 3 shows a graph showing the ductility and tensile strength of the

strand in relation to the volumetric proportion of the granular cementite to the

12
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total cementite and the particle diameter of the granular cementite after the
aging treatment. Cementite was obtained from the product by means of
electrolytic extraction with a mixture of acetylacetone, methanol and
tetramethyl ammonium chloride. The volumetric proportion of the granular
cementite to the total cementite was determined by analyzing a picture obtained
by scanning electron microscope analysis method. As clearly seen from FIG. 3,
in order to obtain both properties: a tensile strength of 235 kgf/mm?2 or higher
and an elongation of 3.5 % or greater, the volumetric proportion of the granular

cementite to the total cementite in the metal structure has to be 10 to 40 % and

the particle diameter thereof has to be to 40 to 300 A..

Itis believed that no one has ever known that by performing the a ging
treatment while a specified deformation is given to the strand, the steel strand
with a higher elongation can be obtained, while maintaining its high strength,

due to its peculiar metal structure.

EXAMPLES OF THE INVENTION

After a steel wire rod having a diameter of 13 mm and made of a material

containing 0.94 % of C, 1.45% of Si, and 0.52 % of Mn was lead-patented at
560°C, it was pickled with acid and coated with phosphate. The thus obtained

wire rod was passed through dies of a continuous wire drawing apparatus 11
times (drawn 11 times) at a speed of 150 m/min. to obtain outer wire having a
diameter of 4.22 mm and a core wire having a diameter of 4.4 mm. Seven of

such wires are stranded to form a strand having a diameter of 12.7 mm. The

aging treatment was performed at 200 to 600 °C for 2 to 6600 seconds, and the

rate of plastic deformation was changed from 0 to 3.0 % while the strand was

held at that temperature. The results are shown in TABLE-1 to TABLE-3.

13
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TABLE-1 shows test results in which the temperature holding time, the
rate of deformation by plastic elongation, the volumetric proportion of granular
cementite to the total cementite and the particle diameter of the granular
cementite were changed during the aging treatment at 200°C. According to
these test results, the strand having a tensile strength of 236 kgf/mm? or higher
and an elongation of 3.6 % or greater were obtained when the temperature
holding time was 11 to 1200 seconds; the rate of plastic deformation 0.4 to 3.0 %:
the volumetric proportion of the granular cementite 10 to 35 %; and the particle
diameter of the granular cementite 40 to 300 A.

TABLE-2 shows results of the similar test when the aging treatment was
performed at 400°C.

According to these test results, the strands having a tensile strength of
237 kgt/mm?or larger and an elongation of 4.0 % or larger were obtained when
the temperature holding time was 2.5 to 400 seconds; the rate of deformation 0.5
to 3.0 %; the volumetric proportion of the granular cementite 10 to 30 %; and the
particle diameter of the granular cementite 50 to 300 A.

TABLE-3 shows results of the similar test when the aging treatment was
performed at 600°C. According to these test results, the strands having a
tensile strength of 236 kgf/mm? or higher and an elongation of 4.0 % or greater
were obtained when the temperaturé 'l{blding time was 2 to 120 seconds; the
rate of plastic deformation 0.4 to 3.0 %; the volumetric proportion of the
granular cementite 15 to 40 %; and the particle diameter of the granular
cementite 40 to 100 A.

It can be seen from the above results that the strands having a tensile
strength of 235 kgf/mm? or higher and an elongation of 3.5 % or greater can be
obtained at aging temperatures of 200°C, 400°C and 600°C under the

14
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conditions: a temperature holding time of 2 to 1200 sec. (20 min.), a rate of given
plastic deformation of 0.4 to 3.0 %, a volumetric proportion of the granular

cementite of 10 to 40 %, and a particle diameter of the granular cementite of 40
to 300 A. '

As described in the above, the strand according to the invention is
permitted to have a tensile strength of 235 kgf/mm? or higher and an elongation
of 3.5 % or greater by, in a wire material having a pearlite structure and
containing specified amounts of C, Si and Mn, setting the volumetric proportion
of granular cementite to the total cementite and the particle diameter of
granular cementite within the specified ranges.

According to the method for manufacturing the above wire material, the
wire material is patented, drawn and stranded. Thereafter, the strand is held
at a temperature of 200 to 600°C for 2 to 1200 seconds. While being held at that
temperature, the strand is caused to undergo a plastic elongation of 0.4 to 3.0 %,
so that the aging treatment can be finished within a suitable time. According
to this method, high strength steel strands for PC having a tensile strength of
235 kgt/mm? or higher and an elongation of 3.5 % or greater can be stably
manufactured. The aging treatment according to this method is suitable from
an industrial point of view.

The rate of plastic deformation given during the aging treatment
according to the inventive method may be preferably set at 0.8 to 3.0 %. By
setting the rate of plastic deformation within the above range, high strength
steel strands for PC having a tensile strength of 235 kgf/mm? or higher and an
elongation of 5.0 % or greater can be obtained.

A holding time during the aging treatment for the strand to undergo

plastic deformation according to Tables 1 to 3 to achieve the desired properties

15
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ranges from 2 seconds to 1200 seconds, it should be noted that these numerical
figures represent the minimum holding time required for the strand to be held.
In Fig. 4, the left intersection point of the upper line with a vertical dotted line
indicates a 1500 seconds along a Y-axis, in fact this value in time is a guideline
for the maximum holding time for the strand to undergo plastic deformation
during the aging treatment in case of 0.4% rate of plastic deformation.
Although the present invention has been fully described by way of

example with reference to the accompanying drawings, it is to be understood
that various changes and modifications will be apparent to those skilled in the
art. Therefore, unless otherwise such changes and modifications depart from
the scope of the present invention, they should be construed as being included

therein.

16
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What is claimed is:

1. A high strength steel strand for PC of a wire material having a

pearlite structure and containing 0.80 to 1.30 % of C, 0.60 to 2.50 % of S; and 0.30

to 1.50 % of Mn, remainder being Fe and unavoidable impurities, wherein

the volumetric proportion of the granular cementite to the total cementite
1s 10 to 40 %,

the particle diameter of the granular cementite is 40 to 300 A, and

the strand has a tensile strength of 235 kgf/mm2or higher and an

elongation of 3.5 % or greater.

2. A method of producing a high strength steel strand for PC of a wire

material having a pearlite structure and containing 0.80 to 1.30 % of C, 0.60 to

2.50 % of Si and 0.30 to 1.50 % of Mn, remainder being Fe and unavoidable

impurities, comprising the steps of:

04to3

% while being kept at a temperature of 200°C to 600°C for a time

duration of 2 to 1500 seconds.

3. A method of producing a high strength steel strand for PC as

defined in claim 2, wherein the Plastic elongation applied to the wire is 0.8 to
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