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(57) The present disclosure discloses a method for
manufacturing a structural steel billet for use in mul-
ti-grade steels, which relates to the technical field of steel-
making. A peritectic reaction with 0.08% ≤ C < 0.22%
and a medium-carbon composition system design are
adopted for the structural steel billet, and the content of
alloys is adjusted on the basis, to meet the requirements
of the ordered products on the mechanical properties.
According to the manufacturing standards, specifica-
tions, and performance requirements of ordered prod-
ucts, a unified composition design for a building structural
steel, a wind turbine tower steel, a bridge structural steel,
and a low-alloy high-strength structural steel is adopted

based on a steel grade, and a smelting grade is formu-
lated. The peritectic reaction and the medium-carbon
composition design are adopted in a unified manner ac-
cording to the manufacturing standards and the mechan-
ical properties of the ordered products. Meanwhile, a car-
bon equivalent is adjusted by adopting C, Mn, Cr, Ni, Mo,
Cu, V and other elements according to the requirements
of the ordered products, to meet the mechanical proper-
ties. In this way, the performance of the ordered products
is more stable, the production scheduling is faster and
smoother, and the number of remaining billets is signifi-
cantly reduced.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to the technical
field of steelmaking, and particularly relates to a method
for manufacturing a structural steel billet for use in multi-
grade steels.

BACKGROUND ART

[0002] Structural steel, with the largest production, is
the most widely used in the steel plate manufacturing of
iron and steel enterprises. Since there are too many
smelting grades, the production efficiency of the iron and
steel enterprises is limited by the structural steel. At the
same time, a large amount of the remaining billets is gen-
erated, which would seriously affect the capital turnover
of the iron and steel enterprises. Currently, there are 115
grades of the structural steel produced by the iron and
steel enterprises, including 50 grades of the structural
steel in Grade 345. In the continuous casting process,
each steel grade requires a production process, and
there is a casting sequence between different steel
grades, which cause high pressure on the production,
and the continuous casting segment is generally down-
graded to use. Ultimately, the waste is serious, and the
development of productivity is limited to a certain degree.

SUMMARY

[0003] To solve the above-mentioned technical prob-
lems, the present disclosure provides a method for man-
ufacturing a structural steel billet for use in multi-grade
steels, comprising:

S1. adopting a peritectic reaction with 0.08% ≤ C <
0.22% and a medium-carbon composition system
design for a building structural steel, a wind turbine
tower steel, a bridge structural steel, and a low-alloy
high-strength structural steel according to manufac-
turing standards and specifications of ordered prod-
ucts, then conducting a unified composition design
according to a steel grade, formulating a smelting
grade, and adjusting a content of alloys on the above-
mentioned basis, to meet the requirements of the
ordered products on mechanical properties;
S2. designing a smelting process according to the
requirements of the ordered products on crack de-
tection; wherein, the smelting process of the ordered
products required the crack detection comprises:
molten iron desulfurization → BOF smelting → LF
refining → RH vacuum degassing → CCM casting,
and the smelting process of the ordered products
without requiring the crack detection comprises: mol-
ten iron desulfurization → BOF smelting → LF refin-
ing → CCM casting;
S3. scheduling the production according to the re-

quirements of the ordered products on quantity and
delivery time; and
S4. collecting remaining billets after smelting, and
preferentially using the remaining billets for the pro-
duction of subsequent ordered products.

[0004] The technical effects of the present disclosure
are: the peritectic reaction and the medium-carbon com-
position design are adopted in a unified manner accord-
ing to the manufacturing standards and the mechanical
properties of the ordered products. Meanwhile, a carbon
equivalent is adjusted by adopting C, Mn, Cr, Ni, Mo, Cu,
V and other elements according to the requirements of
the ordered products, to meet the mechanical properties.
Thus, the performance of the ordered products is more
stable, the production scheduling is faster and smoother,
and the number of the remaining billets is significantly
reduced.
[0005] The technical solution that the present disclo-
sure is further limited is:
[0006] The method for manufacturing the structural
steel billet for use in the multi-grade steels comprises:

S1. adopting the peritectic reaction with 0.08% ≤ C
< 0.22% and the medium-carbon composition sys-
tem design for the building structural steel, the wind
turbine tower steel, the bridge structural steel, and
the low-alloy high-strength structural steel according
to the manufacturing standards and specifications
of the ordered products, conducting the unified com-
position design according to the steel grade, formu-
lating the smelting grade, and adjusting the content
of alloys on the above-mentioned basis, to meet the
requirements of the ordered products on the me-
chanical properties; wherein, the requirements are
specifically as follows:

the composition requirements of the National
Standard GB/T 19879 on Q235GJ steel plate
for building structures are: C ≤ 0.18%, Mn:
0.60%-1.50%, Si ≤ 0.35%, P ≤ 0.020%, S ≤
0.010%, Al ≥ 0.020%, Ni ≤ 0.30%, Cr ≤ 0.30%,
Mo ≤ 0.08%, and Cu ≤ 0.30%;
the composition requirements of the National
Standard GB/T 28410 on Q235FT steel plate for
wind turbine towers are: C ≤ 0.18%, Mn: 0.50%-
1.40%, Si ≤ 0.50%, P ≤ 0.025%, S ≤ 0.020%, Al
≥ 0.015%, Nb ≤ 0.050%, V ≤ 0.060%, Ti ≤
0.050%, Ni ≤ 0.30%, Cr ≤ 0.30%, Mo ≤ 0.10%,
Cu ≤ 0.30%, and N ≤ 0.012%;
the composition requirements of the National
Standard GB/T 714 on Q235q steel plate for
bridge structures are: C ≤ 0.17%, Mn ≤ 1.40%,
Si ≤ 0.35%, P ≤ 0.020%, S ≤ 0.010%, Al ≥
0.015%, Ni ≤ 0.30%, Cr ≤ 0.30%, Cu ≤ 0.30%,
and N ≤ 0.012%;
according to the mechanical properties and
quantity of the ordered products, a unified smelt-
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ing grade J-1 is formulated for the above-men-
tioned three steel plates under conditions that
rolling and heat treatment are consistent, and
the composition design is: C: 0.15%-0.17%, Mn:
0.90%-1.10%, Si: 0.20%-0.30%, P ≤ 0.015%, S
≤ 0.005%, Nb ≤ 0.020%, Al: 0.020%-0.050%, N
≤ 0.012%, V ≤ 0.030%, Ni ≤ 0.030 %, Cr ≤
0.050%, Mo ≤ 0.030%, Cu ≤ 0.050%, Ti:
0.006%-0.020%, B ≤ 0.0005%, Ca: 0.0008%-
0.00400%, and Ceq: 0.26%-0.33%;

S2. designing the smelting process according to the
requirements of the ordered products on the crack
detection; wherein, the smelting process of the or-
dered products required the crack detection com-
prises: molten iron desulfurization → BOF smelting
→ LF refining → RH vacuum degassing → CCM
casting, and the smelting process of the ordered
products without requiring the crack detection com-
prises: molten iron desulfurization → BOF smelting
→ LF refining → CCM casting;
S3. scheduling the production according to the re-
quirements of the ordered products on the quantity
and the delivery time; and
S4. collecting the remaining billets after smelting,
and preferentially using the remaining billets for the
production of the subsequent ordered products.

[0007] The method for manufacturing the structural
steel billet for use in the multi-grade steels comprises:

S1. adopting the peritectic reaction with 0.08% ≤ C
< 0.22% and the medium-carbon composition sys-
tem design for the building structural steel, the wind
turbine tower steel, the bridge structural steel, and
the low-alloy high-strength structural steel according
to the manufacturing standards and specifications
of the ordered products, conducting the unified com-
position design according to the steel grade, formu-
lating the smelting grade, and adjusting the content
of alloys on the above-mentioned basis, to meet the
requirements of the ordered products on the me-
chanical properties; wherein, the requirements are
specifically as follows:

the composition requirements of the National
Standard GB/T 19879 on steel plate Q420GJ
for building structures are: C ≤ 0.18%, Mn ≤
1.70%, Si ≤ 0.55%, P ≤ 0.020%, S ≤ 0.010%,
Nb ≤ 0.070%, V ≤ 0.20%, Ti ≤ 0.030%, Al ≥
0.020%, Ni ≤ 1.0%, Cr ≤ 0.80%, Mo ≤ 0.50%,
and Cu ≤ 0.30%;
the composition requirements of the National
Standard GB/T 28410 on Q420FT steel plate for
wind turbine towers are: C ≤ 0.20%, Mn: 1.00%-
1.70%, Si ≤ 0.50%, P ≤ 0.020%, S ≤ 0.010%, Al
≥ 0.015%, Nb ≤ 0.060%, V ≤ 0.15%, Ti ≤ 0.050%,
Ni ≤ 0.50%, Cr ≤ 0.30%, Mo ≤ 0.20%, Cu ≤

0.30%, N ≤ 0.010%;
the composition requirements of the National
Standard GB/T 714 on Q420q steel plate for
bridge structures are: C ≤ 0.18%, Mn: 1.00%-
1.70%, Si ≤ 0.55%, P ≤ 0.020%, S ≤ 0.010%,
Nb ≤ 0.060%, V ≤ 0.08%, Ti ≤ 0.030%, Al ≥
0.015%, Ni ≤ 0.70%, Cr ≤ 0.80%, Mo ≤ 0.35%,
Cu ≤ 0.55%, B ≤ 0.0040%, and N ≤ 0.012%;
the composition requirements of the National
Standard GB/T 1591 on Q420 steel plate for low-
alloy high-strength structures are: C ≤ 0.20%,
Mn ≤ 1.70%, Si ≤ 0.50%, P ≤ 0.025%, S ≤
0.020%, Al ≥ 0.015%, Nb ≤ 0.070%, V ≤ 0.20%,
Ti ≤ 0.20%, Ni ≤ 0.80%, Cr ≤ 0.30%, Mo ≤ 0.20%,
Cu ≤ 0.30%, and N ≤ 0.015%;
according to the mechanical properties and
monthly quantity of the ordered products, a uni-
fied smelting grade J-19 is formulated for the
above-mentioned four steel plates under condi-
tions that the rolling and the heat treatment are
consistent, and the composition design is: C:
0.060%-0.080%, Mn: 1.30%-1.50%, Si: 0.20%-
0.40%, P ≤ 0.020%, S ≤ 0.005%, Nb: 0.020%-
0.030%, V: 0.020%-0.040%, Ti: 0.010%-
0.020%, Al: 0.020%-0.050%, N ≤ 0.0080%, Ni
≤ 0.30%, Cr: 0.20%-0.30%, Mo ≤ 0.03%, Cu ≤
0.05%, B ≤ 0.0010%, Ca: 0.0008%-0.00400%,
and Ceq: 0.36%-0.46%;

S2. designing the smelting process according to the
requirements of the ordered products on the crack
detection; wherein, the smelting process of the or-
dered products required the crack detection com-
prises: molten iron desulfurization → BOF smelting
→ LF refining → RH vacuum degassing → CCM
casting, and the smelting process of the ordered
products without requiring the crack detection com-
prises: molten iron desulfurization → BOF smelting
→ LF refining → CCM casting;
S3. scheduling the production according to the re-
quirements of the ordered products on the quantity
and the delivery time; and
S4. collecting the remaining billets after smelting,
and preferentially using the remaining billets for the
production of the subsequent ordered products.

[0008] The beneficial effects of the present disclosure
are as follows:

(1) The present disclosure breaks the restrictions on
steel grades, and formulates the reasonable and uni-
fied smelting grade based on the product perform-
ance and customer requirements. Thus, the struc-
tural steel billet that meet various purposes is man-
ufactured, and the problems such as the long deliv-
ery cycle of the scattered orders and the over-accu-
mulation of the remaining billets are solved, as well
as the operation rate of the continuous casting ma-
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chine and the crude steel output are improved. Ulti-
mately, the economic benefits of the enterprise is
increased.
(2) The present disclosure reduces the number of
structural steel grades from 115 to 65. Thus, the
structure grade is optimized, the smelting cost is re-
duced, the market competitiveness of the steel
plates is improved, and the market share of advan-
tageous steel grade is expanded.
(3) The present disclosure has more unified smelting
and manufacturing standards, and more orderly
smelting operation. Thus, the production quality is
steadily improved.
(4) The present disclosure reduces the number of
continuous casting segment and the remaining bil-
lets, so that the resource waste is reduced, the cap-
ital utilization rate of the enterprise is improved, the
production capacity is liberated, and the annual
smelting output and benefits are improved.
(5) Through the method of the present disclosure,
the enterprise’s ability to accept orders of different
steel grades is improved, the delivery cycle of the
scattered orders is shortened, and the customer sat-
isfaction is improved. Thus the economic benefits
and competitiveness of the enterprise are improved.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Example 1

[0009] The present disclosure provides the method for
manufacturing the structural steel billet for use in the mul-
ti-grade steels, including the following steps:

S1. The peritectic reaction with 0.08% ≤ C < 0.22%
and the medium-carbon composition system design
are adopted for the building structural steel, the wind
turbine tower steel, the bridge structural steel, and
the low-alloy high-strength structural steel according
to the manufacturing standards and specifications
of the ordered products. According to the steel grade,
the unified composition design is adopted, and the
smelting grade is formulated, as well as the content
of alloys is adjusted on the basis, to meet the re-
quirements of the ordered products on the mechan-
ical properties. The requirements are specifically as
follows:

The composition requirements of the National
Standard GB/T 19879 on Q235GJ steel plate
for building structures are: C ≤ 0.18%, Mn:
0.60%-1.50%, Si ≤ 0.35%, P ≤ 0.020%, S ≤
0.010%, Al ≥ 0.020%, Ni ≤ 0.30%, Cr ≤ 0.30%,
Mo ≤ 0.08%, and Cu ≤ 0.30%.
The composition requirements of the National
Standard GB/T 28410 on Q235FT steel plate for
wind turbine towers are: C ≤ 0.18%, Mn: 0.50%-
1.40%, Si ≤ 0.50%, P ≤ 0.025%, S ≤ 0.020%, Al

≥ 0.015%, Nb ≤ 0.050%, V ≤ 0.060%, Ti ≤
0.050%, Ni ≤ 0.30%, Cr ≤ 0.30%, Mo ≤ 0.10%,
Cu ≤ 0.30%, and N ≤ 0.012%.
The composition requirements of the National
Standard GB/T 714 on Q235q steel plate for
bridge structures are: C ≤ 0.17%, Mn ≤ 1.40%,
Si ≤ 0.35%, P ≤ 0.020%, S ≤ 0.010%, Al ≥
0.015%, Ni ≤ 0.30%, Cr ≤ 0.30%, Cu ≤ 0.30%,
and N ≤ 0.012%.
According to the mechanical properties and
quantity of the ordered products, a unified smelt-
ing grade J-1 is formulated for the above-men-
tioned three steel plates under conditions that
the rolling and heat treatment are consistent,
and the composition design is: C: 0.15%-0.17%,
Mn: 0.90%-1.10%, Si: 0.20%-0.30%, P ≤
0.015%, S ≤ 0.005%, Nb ≤ 0.020%, Al: 0.020%-
0.050%, N ≤ 0.012%, V ≤ 0.030%, Ni ≤ 0.030
%, Cr ≤ 0.050%, Mo ≤ 0.030%, Cu ≤ 0.050%,
Ti: 0.006%-0.020%, B ≤ 0.0005%, Ca: 0.0008%-
0.00400%, and Ceq: 0.26%-0.33%.

S2. The smelting process is designed according to
the requirements of the ordered products on the
crack detection. The smelting process of the ordered
products required the crack detection includes mol-
ten iron desulfurization → BOF smelting → LF refin-
ing → RH vacuum degassing → CCM casting, and
the smelting process of the ordered products without
requiring the crack detection includes molten iron
desulfurization → BOF smelting → LF refining →
CCM casting.
S3. The production is scheduled according to the
requirements of the ordered products on the quantity
and delivery time.
S4. The remaining billets is collected after smelting,
and preferentially used for the production of the sub-
sequent ordered products.

Example 2

[0010] The present disclosure provides the method for
manufacturing the structural steel billet for use in the mul-
ti-grade steels, including the following steps:

S1. The peritectic reaction with 0.08% ≤ C < 0.22%
and the medium-carbon composition system design
are adopted for the building structural steel, the wind
turbine tower steel, the bridge structural steel, and
the low-alloy high-strength structural steel according
to the manufacturing standards and specifications
of the ordered products. According to the steel grade,
the unified composition design is adopted and the
smelting grade is formulated, as well as the content
of alloys is adjusted on the basis, to meet the re-
quirements of the ordered products on the mechan-
ical properties. The requirements are specifically as
follows:

5 6 
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The composition requirements of the National
Standard GB/T 19879 on steel plate Q420GJ
for building structures are: C ≤ 0.18%, Mn ≤
1.70%, Si ≤ 0.55%, P ≤ 0.020%, S ≤ 0.010%,
Nb ≤ 0.070%, V ≤ 0.20%, Ti ≤ 0.030%, Al ≥
0.020%, Ni ≤ 1.0%, Cr ≤ 0.80%, Mo ≤ 0.50%,
and Cu ≤ 0.30%.
The composition requirements of the National
Standard GB/T 28410 on Q420FT steel plate for
wind turbine towers are: C ≤ 0.20%, Mn: 1.00%-
1.70%, Si ≤ 0.50%, P ≤ 0.020%, S ≤ 0.010%, Al
≥ 0.015%, Nb ≤ 0.060%, V ≤ 0.15%, Ti ≤ 0.050%,
Ni ≤ 0.50%, Cr ≤ 0.30%, Mo ≤ 0.20%, Cu ≤
0.30%, N ≤ 0.010%.
The composition requirements of the National
Standard GB/T 714 on Q420q steel plate for
bridge structures are: C ≤ 0.18%, Mn: 1.00%-
1.70%, Si ≤ 0.55%, P ≤ 0.020%, S ≤ 0.010%,
Nb ≤ 0.060%, V ≤ 0.08%, Ti ≤ 0.030%, Al ≥
0.015%, Ni ≤ 0.70%, Cr ≤ 0.80%, Mo ≤ 0.35%,
Cu ≤ 0.55%, B ≤ 0.0040%, and N ≤ 0.012%.
The composition requirements of the National
Standard GB/T 1591 on Q420 steel plate for low-
alloy high-strength structures are: C ≤ 0.20%,
Mn ≤ 1.70%, Si ≤ 0.50%, P ≤ 0.025%, S ≤
0.020%, Al ≥ 0.015%, Nb ≤ 0.070%, V ≤ 0.20%,
Ti ≤ 0.20%, Ni ≤ 0.80%, Cr ≤ 0.30%, Mo ≤ 0.20%,
Cu ≤ 0.30%, and N ≤ 0.015%.
According to the mechanical properties and
quantity of the ordered products, a unified smelt-
ing grade J-1 is formulated for the above-men-
tioned three steel plates under conditions that
the rolling and heat treatment are consistent,
and the composition design is: C: 0.060%-
0.080%, Mn: 1.30%-1.50%, Si: 0.20%-0.40%, P
≤ 0.020%, S ≤ 0.005%, Nb: 0.020%-0.030%, V:
0.020%-0.040%, Ti: 0.010%-0.020%, Al:
0.020%-0.050%, N ≤ 0.0080%, Ni ≤ 0.30%, Cr:
0.20%-0.30%, Mo ≤ 0.03%, Cu ≤ 0.05%, B ≤
0.0010%, Ca: 0.0008%-0.00400%, and Ceq:
0.36%-0.46%.

S2. The smelting process is designed according to
the requirements of the ordered products on the
crack detection. The smelting process of the ordered
products required the crack detection includes mol-
ten iron desulfurization → BOF smelting → LF refin-
ing → RH vacuum degassing → CCM casting, and
the smelting process of the ordered products without
requiring the crack detection includes molten iron
desulfurization → BOF smelting → LF refining →
CCM casting.
S3. The production is scheduled according to the
requirements of the ordered products on the quantity
and delivery time.
S4. The remaining billets is collected after smelting,
and preferentially used for the production of the sub-
sequent ordered products.

[0011] The peritectic reaction and the medium-carbon
composition design are adopted in a unified manner ac-
cording to the manufacturing standards and mechanical
properties of the ordered products. Meanwhile, the car-
bon equivalent is adjusted by adopting C, Mn, Cr, Ni, Mo,
Cu, V and other elements according to the requirements
of the ordered products, to meet the mechanical proper-
ties. Thus, the performance of the ordered products is
more stable, the production scheduling is faster and
smoother, and the number of the remaining billets is sig-
nificantly reduced. The number of structural steel grades
is reduced from 115 to 65. Thus, the structure grade is
optimized, the smelting cost is reduced, the structural
steel billet that meet various purposes is manufactured,
and the problems such as the long delivery cycle of scat-
tered orders and the over-accumulation of the remaining
billets are solved, as well as the operation rate of the
continuous casting machine and the crude steel output
are improved. Ultimately, the economic benefits of the
enterprise is increased.
[0012] In addition to the above-described examples,
the present disclosure may also have other examples.
All technical solutions made by equivalent replacement
or equivalent transformation shall fall within the protec-
tion scope of the present disclosure.

Claims

1. A method for manufacturing a structural steel billet
for use in multi-grade steels, wherein, the method
comprises:

S1. adopting a peritectic reaction with 0.08% ≤
C < 0.22% and a medium-carbon composition
system design for a building structural steel, a
wind turbine tower steel, a bridge structural
steel, and a low-alloy high-strength structural
steel according to manufacturing standards and
specifications of ordered products, then con-
ducting a unified composition design according
to a steel grade, formulating a smelting grade,
and adjusting a content of alloys on the above-
mentioned basis, to meet the requirements of
the ordered products on mechanical properties;
S2. designing a smelting process according to
the requirements of the ordered products on
crack detection; wherein, the smelting process
of the ordered products required the crack de-
tection comprises: molten iron desulfurization →
BOF smelting → LF refining → RH vacuum de-
gassing → CCM casting, and the smelting proc-
ess of the ordered products without requiring the
crack detection comprises: molten iron desul-
furization → BOF smelting → LF refining → CCM
casting;
S3. scheduling the production according to the
requirements of the ordered products on quan-
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tity and delivery time; and
S4. collecting remaining billets after smelting,
and preferentially using the remaining billets for
the production of subsequent ordered products.

2. The method for manufacturing the structural steel
billet for use in the multi-grade steels according to
claim 1, wherein, the method comprises:

S1. adopting the peritectic reaction with 0.08%
≤ C < 0.22% and the medium-carbon composi-
tion system design for the building structural
steel, the wind turbine tower steel, the bridge
structural steel, and the low-alloy high-strength
structural steel according to the manufacturing
standards and specifications of the ordered
products, conducting the unified composition
design according to the steel grade, formulating
the smelting grade, and adjusting the content of
alloys on the above-mentioned basis, to meet
the requirements of the ordered products on the
mechanical properties; wherein, the require-
ments are specifically as follows:

the composition requirements of the Nation-
al Standard GB/T 19879 on Q235GJ steel
plate for building structures are: C ≤ 0.18%,
Mn: 0.60%-1.50%, Si ≤ 0.35%, P ≤ 0.020%,
S ≤ 0.010%, Al ≥ 0.020%, Ni ≤ 0.30%, Cr ≤
0.30%, Mo ≤ 0.08%, and Cu ≤ 0.30%;
the composition requirements of the Nation-
al Standard GB/T 28410 on Q235FT steel
plate for wind turbine towers are: C ≤ 0.18%,
Mn: 0.50%-1.40%, Si ≤ 0.50%, P ≤ 0.025%,
S ≤ 0.020%, Al ≥ 0.015%, Nb ≤ 0.050%, V
≤ 0.060%, Ti ≤ 0.050%, Ni ≤ 0.30%, Cr ≤
0.30%, Mo ≤ 0.10%, Cu ≤ 0.30%, and N ≤
0.012%;
the composition requirements of the Nation-
al Standard GB/T 714 on Q235q steel plate
for bridge structures are: C ≤ 0.17%, Mn ≤
1.40%, Si ≤ 0.35%, P ≤ 0.020%, S ≤ 0.010%,
Al ≥ 0.015%, Ni ≤ 0.30%, Cr ≤ 0.30%, Cu ≤
0.30%, and N ≤ 0.012%;
according to the mechanical properties and
quantity of the ordered products, a unified
smelting grade J-1 is formulated for the
above-mentioned three steel plates under
conditions that rolling and heat treatment
are consistent, and the composition design
is: C: 0.15%-0.17%, Mn: 0.90%-1.10%, Si:
0.20%-0.30%, P ≤ 0.015%, S ≤ 0.005%, Nb
≤ 0.020%, Al: 0.020%-0.050%, N ≤ 0.012%,
V ≤ 0.030%, Ni ≤ 0.030 %, Cr ≤ 0.050%, Mo
≤ 0.030%, Cu ≤ 0.050%, Ti: 0.006%-
0.020%, B ≤ 0.0005%, Ca: 0.0008%-
0.00400%, and Ceq: 0.26%-0.33%;

S2. designing the smelting process according
to the requirements of the ordered products on
the crack detection; wherein, the smelting proc-
ess of the ordered products required the crack
detection comprises: molten iron desulfurization
→ BOF smelting → LF refining → RH vacuum
degassing → CCM casting, and the smelting
process of the ordered products without requir-
ing the crack detection comprises: molten iron
desulfurization → BOF smelting → LF refining
→ CCM casting;
S3. scheduling the production according to the
requirements of the ordered products on the
quantity and the delivery time; and
S4. collecting the remaining billets after smelt-
ing, and preferentially using the remaining billets
for the production of the subsequent ordered
products.

3. The method for manufacturing the structural steel
billet for use in the multi-grade steels according to
claim 1, wherein, the method comprises:

S1. adopting the peritectic reaction with 0.08%
≤ C < 0.22% and the medium-carbon composi-
tion system for the building structural steel, the
wind turbine tower steel, the bridge structural
steel, and the low-alloy high-strength structural
steel according to the manufacturing standards
and specifications of the ordered products, con-
ducting the unified composition design accord-
ing to the steel grade, formulating the smelting
grade, and adjusting the content of alloys on the
above-mentioned basis, to meet the require-
ments of the ordered products on the mechan-
ical properties; wherein, the requirements are
specifically as follows:

the composition requirements of the Nation-
al Standard GB/T 19879 on steel plate
Q420GJ for building structures are: C ≤
0.18%, Mn ≤ 1.70%, Si ≤ 0.55%, P ≤
0.020%, S ≤ 0.010%, Nb ≤ 0.070%, V ≤
0.20%, Ti ≤ 0.030%, Al ≥ 0.020%, Ni ≤ 1.0%,
Cr ≤ 0.80%, Mo ≤ 0.50%, and Cu ≤ 0.30%;
the composition requirements of the Nation-
al Standard GB/T 28410 on Q420FT steel
plate for wind turbine towers are: C ≤ 0.20%,
Mn: 1.00%-1.70%, Si ≤ 0.50%, P ≤ 0.020%,
S ≤ 0.010%, Al ≥ 0.015%, Nb ≤ 0.060%, V
≤ 0.15%, Ti ≤ 0.050%, Ni ≤ 0.50%, Cr ≤
0.30%, Mo ≤ 0.20%, Cu ≤ 0.30%, N ≤
0.010%;
the composition requirements of the Nation-
al Standard GB/T 714 on Q420q steel plate
for bridge structures are: C ≤ 0.18%, Mn:
1.00%-1.70%, Si ≤ 0.55%, P ≤ 0.020%, S ≤
0.010%, Nb ≤ 0.060%, V ≤ 0.08%, Ti ≤
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0.030%, Al ≥ 0.015%, Ni ≤ 0.70%, Cr ≤
0.80%, Mo ≤ 0.35%, Cu ≤ 0.55%, B ≤
0.0040%, and N ≤ 0.012%;
the composition requirements of the Nation-
al Standard GB/T 1591 on Q420 steel plate
for low-alloy high-strength structures are: C
≤ 0.20%, Mn ≤ 1.70%, Si ≤ 0.50%, P ≤
0.025%, S ≤ 0.020%, Al ≥ 0.015%, Nb ≤
0.070%, V ≤ 0.20%, Ti ≤ 0.20%, Ni ≤ 0.80%,
Cr ≤ 0.30%, Mo ≤ 0.20%, Cu ≤ 0.30%, and
N ≤ 0.015%;
according to the mechanical properties and
monthly quantity of the ordered products, a
unified smelting grade J-19 is formulated for
the above-mentioned four steel plates un-
der conditions that the rolling and the heat
treatment are consistent, and the composi-
tion design is: C: 0.060%-0.080%, Mn:
1.30%-1.50%, Si: 0.20%-0.40%, P ≤
0.020%, S ≤ 0.005%, Nb: 0.020%-0.030%,
V: 0.020%-0.040%, Ti: 0.010%-0.020%, Al:
0.020%-0.050%, N ≤ 0.0080%, Ni ≤ 0.30%,
Cr: 0.20%-0.30%, Mo ≤ 0.03%, Cu ≤ 0.05%,
B ≤ 0.0010%, Ca: 0.0008%-0.00400%, and
Ceq: 0.36%-0.46%;

S2. designing the smelting process according
to the requirements of the ordered products on
the crack detection; wherein, the smelting proc-
ess of the ordered products required the crack
detection comprises: molten iron desulfurization
→ BOF smelting → LF refining → RH vacuum
degassing → CCM casting, and the smelting
process of the ordered products without requir-
ing the crack detection comprises: molten iron
desulfurization → BOF smelting → LF refining
→ CCM casting;
S3. scheduling the production according to the
requirements of the ordered products on the
quantity and the delivery time; and
S4. collecting the remaining billets after smelt-
ing, and preferentially using the remaining billets
for the production of the subsequent ordered
products.
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