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Description
[Technical Field of the Invention]

[0001] The presentinvention relates to a thick H section, which has excellent strength and low temperature toughness,
and a method for manufacturing the same. Priority is claimed on Japanese Patent Application No. 2016-248181, filed
on December 21, 2016, the content of which is incorporated herein by reference.

[Related Art]

[0002] Recently, buildings such as high-rise buildings are becoming large and high, and thick steels have been utilized
as strength members required for the structure. However, generally, in ferrous materials, as the thickness of a product
increases, it becomes difficult to ensure the strength, and it is also difficult to ensure the toughness.

[0003] In regard to such a problem, in Patent Document 1, a technology of ensuring the toughness by utilizing an
effect of refining prior austenite grains due to a Ca-Al-based oxide and obtaining a steel, in which high strength is ensured
by applying accelerated cooling, is proposed.

[0004] In addition, in Patent Document 2, a technology of ensuring the toughness by utilizing the effect of refining prior
austenite grains due to a Mg-S-based inclusion and obtaining a steel, in which high strength is ensured by applying
accelerated cooling, is proposed.

[0005] However, when a thick steel plate is manufactured, if accelerated cooling is applied after hot rolling, the cooling
rate becomes slow inside the steel plate compared to its surface, so that a significant difference is caused between the
surface and the inside in the temperature history during cooling, and a difference is caused in mechanical properties
such as strength, ductility, toughness, depending on a portion of a steel.

[0006] In addition, for large buildings, it is desired to use thick H sections. However, these H sections are unique in
shape. Universal rolling and the like are applied to form a steel piece into an H-shape. However, rolling conditions
(temperature and rolling reduction) are limited in universalrolling. Therefore, in a case where an H section is manufactured,
particularly in a case where a thick H section having a thickness of a flange of 20 mm or more is manufactured, it is not
easy to control mechanical properties compared to general thick steel plates (thick steel plates).

[0007] In regard to such a problem, in Patent Documents 3 and 4, methods of ensuring homogeneous mechanical
properties of a steel piece by performing natural cooling after hot rolling of the steel piece, in which the amount of C is
reduced and B is added, are proposed.

[0008] In addition, in Patent Documents 5 to 8, methods for manufacturing a thick H section or an H section for the
purpose of high strength, high toughness, and the like are disclosed.

[Prior Art Document]

[Patent Document]

[0009]
[Patent Document 1] Japanese Patent No. 5655984
[Patent Document 2] Japanese Patent No. 5867651
[Patent Document 3] Japanese Unexamined Patent Application, First Publication No. 2003-328070
[Patent Document 4] Japanese Unexamined Patent Application, First Publication No. 2011-106006
[Patent Document 5] Japanese Unexamined Patent Application, First Publication No. H11-158543
[Patent Document 6] Japanese Unexamined Patent Application, First Publication No. H11-335735
[Patent Document 7] Japanese Unexamined Patent Application, First Publication No. 2016-84524

[Patent Document 8] Japanese Unexamined Patent Application, First Publication No. H10-68016
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[Disclosure of the Invention]
[Problems to be Solved by the Invention]

[0010] In the related art, in thick H sections having a thickness of a flange of 20 mm or more, it has not been easy to
control mechanical properties. Therefore, such thick H sections have been required to satisfy toughness no more than
atroom temperature or at 0°C. However, recently, in consideration of usage in a cold district and the like, thick H sections
are required to have excellent toughness at a lower temperature. Furthermore, in consideration of strength per unit
weight as structural materials, thick H sections are also required to have yield stress (specifically, yield strength or 0.2%
proof stress) of 385 MPa or more.

[0011] The present invention has been made in consideration of such circumstances, and an object thereof is to
provide a thick H section, which has excellent strength and low temperature toughness, and a method for manufacturing
the same.

[Means for Solving the Problem]
[0012] The gist of the present invention is as follows.

(1) According to an aspect of the present invention, there is provided an H section; in which a steel includes, as a
chemical composition, by mass%, C: 0.05% to 0.160%, Si: 0.01% to 0.60%, Mn: 0.80% to 1.70%, Nb: 0.005% to
0.050%, V: 0.05% to 0.120%, Ti: 0.001% to 0.025%, N: 0.0001% to 0.0120%, Cr: 0% to 0.30%, Mo: 0% to 0.20%,
Ni: 0% to 0.50%, Cu: 0% to 0.35%, W: 0% to 0.50%, Ca: 0% to 0.0050%, Zr: 0% to 0.0050%, Al: limited to 0.10%
or less, B: limited to 0.0003% or less, and a remainder including Fe and impurities; in which C, Mn, Cr, Mo, V, Ni,
and Cu in the chemical composition satisfy 0.30<Ceq<0.48, when Ceq=C + Mn /6 + (Cr + Mo + V) /5 + (Ni+Cu)
/ 15 is established; the steel includes, as a metallographic structure, by area fraction, ferrite of 60% to less than
100%, a mixed structure MA of martensite and austenite being limited to 3.0% or less, and a structure other than
the ferrite and the MA being limited to 37% or less; an average grain size of the ferrite is 1 wm to 30 um; a shape
is an H-shape and a thickness of a flange is 20 mm to 140 mm, when being seen in a cut section orthogonal to a
rolling direction; at a position of (1/6)F from an end surface of the flange in the width direction, tensile yield stress
is 385 MPa to 530 MPa and maximum tensile strength is 490 MPa to 690 MPa, when a length of the flange in a
width direction is F; and at the position of (1/6)F and at a position of (1/4)t, from an outer surface of the flange in a
thickness direction, absorbed energy in a Charpy test at -20°C is 100 J or more, when the thickness of the flange is t,.
(2) The H section according to (1) may include, as the chemical composition, by mass%, Nb: more than 0.02% to
0.050%.

(3) The H section according to (1) or (2) may include, as the chemical composition, by mass%, N: more than 0.005%
t0 0.0120%.

(4) The H section according to any one of (1) to (3) may include, as the chemical composition, by mass%, Cu: limited
to less than 0.03%.

(5) The H section according to any one of (1) to (4) may include, as the chemical composition, by mass%, Al: limited
to less than 0.003%.

(6) In the H section according to any one of (1) to (5), the thickness of the flange may be 25 mm to 140 mm.

(7) According to another aspect of the present invention, there is provided a method for manufacturing the H section
according to any one of (1) to (6), including steelmaking to obtain a molten steel which has the chemical composition
according to any one of (1) to (5); casting the molten steel after the steelmaking to obtain a steel piece; heating the
steel piece after the casting to 1,100°C to 1,350°C; hot rolling on the steel piece after the heating to form a shape,
when being seen in a cut section orthogonal to a rolling direction, into an H-shape under conditions, in which a
cumulative rolling reduction at a position of (1/6)F from an end surface of a flange in a width direction is 20% or
more within more than 900°C and 1,100°C or less, the cumulative rolling reduction at the position is 15% or more
within 730°C to 900°C, and the rolling ends at 730°C or more; and cooling a hot rolled material after the hot rolling
by natural cooling.

[Effects of the Invention]

[0013] According to the aspect of the present invention, it is possible to provide a thick H section, which has excellent
strength and low temperature toughness, and a method for manufacturing the same.
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[Brief Description of the Drawings]
[0014]

FIG. 1 is a schematic cross-sectional view explaining a position at which a test piece of an H section according to
an embodiment of the present invention is collected.

FIG. 2 is a flowchart showing a method for manufacturing an H section according to the embodiment of the present
invention.

[Embodiment of the Invention]

[0015] Hereinafter, a suitable embodiment of the present invention will be described in detail. However, the present
invention is not limited to only the configurations disclosed in the present embodiment, and various changes can be
made within a range not departing from the gist of the present invention. In addition, in the following numerical limitation
ranges, the lower limit value and the upper limit value are included in the range thereof. In numerical values expressed
with "more than" or "less than", the value is not included in the numerical value range thereof. The symbol "%" related
to the amount of each element means "mass%".

[0016] As described above, until now, thick H sections having a thickness of a flange of 20 mm or more have been
required to satisfy toughness no more than at room temperature or at 0°C. However, currently, in consideration of usage
in a cold district and the like, thick H sections are required to have excellent toughness at a lower temperature, such as
approximately -20°C. Furthermore, in consideration of strength per unit weight as structural materials, thick H sections
are also required to have yield stress (specifically, yield strength or 0.2% proof stress) of 385 MPa or more.

[0017] Therefore, in regard to a thick H section (there may hereinafter be a case where it is disclosed as a steel),
particularly in regard to a flange which is an important portion in the structure of an H section, the inventors have found
the following knowledge by investigating a steel composition (a chemical composition of a steel) affecting the strength
and the low temperature toughness, and the influence of a steel structure (a metallographic structure of a steel). In the
present embodiment, strength means tensile yield stress and the maximum tensile strength, and low temperature tough-
ness means absorbed energy in a Charpy test at -20°C.

[0018] First, an excessively increase in hardenability caused by adding an alloying element encourages the generation
of a martensite-austenite mixed structure (hereinafter, it will be disclosed as an MA) in a steel, and which leads to
deterioration in low temperature toughness. Particularly, since B in an alloying element noticeably tends to encourage
the generation of an MA, it is effective that B is not actively added and is limited to the level of impurities or less.
[0019] In addition, in order to realize the high yield stress (yield strength or 0.2% proof stress) and to improve the
toughness at -20°C at the same time, it is effective that Nb is added. Since Nb increases the strength of a steel through
precipitation strengthening, there is no need to excessively increase the hardenability, and strength of a steel can be
increased without encouraging the generation of an MA. In addition, Nb has effects of suppressing recrystallization of
austenite during hot rolling, accumulating strain in a steel caused through rolling, and bringing grain refinement of ferrite
after transformation.

[0020] In addition, in order to improve the toughness at -20°C, it is effective that V is added. V has effects of being
precipitated as carbonitride (VC, VN, or a composite thereof), functioning as a nucleation site of ferrite, and bringing
grain refinement of ferrite.

[0021] In addition, when Mn is added, strength and low temperature toughness are further improved. Furthermore,
for achieving both the high strength and the low temperature toughness, it is important to control the area fraction of
ferrite, the area fraction of MA, the average grain size of ferrite, and the like as the steel structure after the steel composition
is controlled.

[0022] In order to stably control a steel structure, when hot rolling a steel piece in which the steel composition is
controlled, it is necessary to apply sufficient rolling strain to each of a recrystallization temperature range and a non-
recrystallization temperature range of austenite. Specifically, in a temperature range of more than 900°C and 1,100°C
or less, hot rolling in which the cumulative rolling reduction is 20% or more is performed. Moreover, in a temperature
range of 900°C or less, hot rolling in which the cumulative rolling reduction is 15% or more is performed. Through rolling
at a temperature more than 900°C, austenite grains are subjected to grain refinement to deteriorate the hardenability,
so that the generation amount of an MA, and the like are kept low. Through rolling at 900°C or less, ferrite is subjected
to grain refinement by applying a large amount of strain to the inside of a steel so as to increase the frequency of
nucleation of ferrite.

[0023] In addition, in order to stably control a steel structure, when cooling after hot rolling, it is preferable to have a
small difference between the cooling rates of a surface of a steel and inside thereof. In a case where a steel is natural
cooled without accelerated cooling after hot rolling, the cooling rate is decreased in both a surface and the inside of the
steel, so that the difference therebetween is also reduced. For example, in an H section having a thickness of a flange
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of 20 mm, if a steel is subjected to natural cooling after hot rolling, both the average cooling rates from 800°C to 500°C
of a surface of a steel and inside thereof become 1 °C/sec or less.

[0024] In a case where the cooling rate after hot rolling is slow, generally, it is not easy to ensure the yield stress and
the low temperature toughness at the same time. However, both the yield stress and the low temperature toughness
can be achieved by optimally controlling the steel composition and manufacturing conditions. For example, as a steel
composition, the C content is 0.05% to 0.160%, B is not added and is limited to the level of impurities or less, Nb and
V are actively added, the amounts of the alloying elements such as Mn, Ti, and N are appropriately controlled, and a
carbon equivalent Ceq is controlled to be a range of 0.30 to 0.48. Furthermore, as the steel structure, the area fraction
of ferrite, the area fraction of MA, the average grain size of ferrite, and the like are elaborated by optimally controlling
the manufacturing conditions. As a result, a thick H section having excellent strength and low temperature toughness
can be obtained.

[0025] Hereinafter, an H section according to the present embodiment will be described. First, the steel composition
and reasons for limiting numerical ranges will be described in detail.

[0026] The H section according to the present embodiment includes, as a chemical composition, base elements and
includes optional elements as necessary. The remainder includes Fe and impurities.

[0027] In the chemical composition of the H section according to the present embodiment, C, Si, Mn, Nb, V, Ti, and
N are the base elements (main alloying elements).

(C:0.05% to 0.160%)

[0028] C (Carbon) is an element which is effective for strengthening of a steel. Therefore, the lower limit for the C
content is set to 0.05%. Preferably, the lower limit for the C content is set to 0.060%, 0.070%, or 0.080%. On the other
hand, when the C content exceeds 0.160%, and which leads to deterioration in low temperature toughness. Therefore,
the upper limit for the C content is set to 0.160%. In order to further improve the low temperature toughness, the upper
limit for the C content is preferably set to 0.140%, 0.130%, or 0.120%.

(Si: 0.01% to 0.60%)

[0029] Si (Silicon) is a deoxidizing element and is an element which also contributes to improvement of strength.
Therefore, the lower limit for the Si content is set to 0.01%. Preferably, the lower limit for the Si content is set to 0.05%,
0.10%, or 0.15%. On the other hand, when the Si content exceeds 0.60%, the generation of an MA is encouraged, and
which leads to deterioration in low temperature toughness. Therefore, the upper limit for the Si content is set to 0.60%.
In order to further improve the low temperature toughness, the upper limit for the Si content is preferably set to 0.40%
or 0.30%.

(Mn: 0.80% to 1.70%)

[0030] Mn (Manganese) is an element which contributes to improvement of strength. Therefore, the lower limit for the
Mn content is set to 0.80%. In order to further increase the strength, the lower limit for the Mn content is preferably set
to 1.0%, 1.1%, or 1.2%. On the other hand, when the Mn content exceeds 1.70%, the hardenability is excessively
increased, generation of an MA is encouraged, and the low temperature toughness is impaired. Therefore, the upper
limit for the Mn content is set to 1.70%. Preferably, the upper limit for the Mn content is set to 1.60% or 1.50%.

(Nb: 0.005% to 0.050%)

[0031] Nb (Niobium) is an element which suppresses recrystallization of austenite at the time of hot rolling, contributes
to grain refinement of ferrite by accumulating work strain in a steel, and contributes to improvement of strength through
precipitation strengthening. Therefore, the lower limit for the Nb content is set to 0.005%. Preferably, the lower limit for
the Nb contentis setto 0.010%, more than 0.020%, 0.025%, or 0.030%. However, when the Nb content exceeds 0.050%,
and which may lead to significant deterioration in low temperature toughness. Therefore, the upper limit for the Nb
content is set to 0.050%. Preferably, the upper limit for the Nb content is set to 0.045%, 0.043%, or 0.040%. In a case
where Nb is not intentionally added, the Nb content included as an impuirity is set to less than 0.005%. In order to set
the Nb content to 0.005% or more, Nb is intentionally included in a steel.

(V: 0.05% to 0.120%)

[0032] V (Vanadium) is an element which has effects of being precipitated as carbonitride inside grains of austenite,
acting as transformation nuclei with respect to ferrite, and refining ferrite grains. Therefore, the lower limit for the V
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content is set to 0.05%. Preferably, the lower limit for the V content is set to more than 0.05%, 0.06%, or 0.07%. However,
when the V content exceeds 0.120%, the low temperature toughness may be impaired by coarsening precipitates.
Therefore, the upper limit for the V content is set to 0.120%. Preferably, the upper limit for the V content is set to 0.110%
or 0.100%.

(Ti: 0.001 % to 0.025%)

[0033] Ti (Titanium) is an element which forms TiN and fixes N in a steel. Therefore, the lower limit for the Ti content
is set to 0.001%. In order to further refine austenite due to a pinning effect of TiN, the lower limit for the Ti content is
preferably set to 0.005%, 0.007%, or 0.010%. On the other hand, when the Ti content exceeds 0.025%, coarse TiN is
generated and the low temperature toughness is impaired. Therefore, the upper limit for the Ti content is set to 0.025%.
Preferably, the upper limit for the Ti content is set to 0.020%, 0.015%, or 0.012%.

[0034] In addition, in a case where Al is not actively added, Ti serves as a deoxidizing element, thereby remaining N
which is not bonded to Ti. However, this N is precipitated as V carbonitride having Ti oxide as nuclei. That is, since Ti
serves as a deoxidizing element and Ti oxide is precipitated, precipitation of V carbonitride is promoted, and low tem-
perature toughness can be improved.

(N: 0.0001% to 0.0120%)

[0035] N(Nitrogen)isanelementwhichforms TiN or VN and contributes to grain refinement of a structure or precipitation
strengthening. Therefore, the lower limit for the N content is set to 0.0001%. Preferably, the lower limit for the N content
is set to 0.0020%, 0.0035%, more than 0.0050%, or 0.0060%. However, when the N content exceeds 0.0120%, the low
temperature toughness is deteriorated, and surface cracking at the time of casting or material defect due to strain aging
of a manufactured steel is caused. Therefore, the upper limit for the N content is set to 0.0120%. Preferably, the upper
limit for the N content is set to 0.0110%, 0.0100%, or 0.0090%.

[0036] The H section according to the present embodiment contains impurities as a chemical composition. "Impurities”
indicate elements incorporated from ore or scrap as a raw material, or the manufacturing environment, when a steel is
industrially manufactured. For example, impurities mean elements such as Al, B, P, S, and O. In these impurities, it is
preferable that Al and B are limited as follows in order to sufficiently exhibit the effects of the present embodiment. In
addition, since it is preferable that the amounts of impurities are small, there is no need to limit the lower limit value, and
the lower limit value for impurities may be 0%.

(Al: 0.10% or less)

[0037] Al (Aluminum) is an element used as a deoxidizing element. However, when the Al content exceeds 0.10%,
oxide is coarsened and becomes origins of brittle fracture, so that low temperature toughness is deteriorated. Therefore,
the upper limit for the Al content is limited to 0.10%. In addition, in a case where Al is not actively used as a deoxidizing
element, Ti serves as the deoxidizing element, and Ti oxide is precipitated in a steel. This Ti oxide functions as a
nucleation site of V carbonitride, refines the grain size of ferrite, and contributes to improvement of low temperature
toughness. Therefore, the upper limit for the Al content may be limited to less than 0.003%, 0.002%, or 0.001% in a
case of including Al as impurities, instead of using Al as a deoxidizing element. Generally, in order to set the Al content
to 0.003% or more, Al is intentionally included in a steel.

(B: 0.0003% or less)

[0038] B (Boron)increasesthe hardenability,encouragesthe generation ofan MA, and deteriorates the low temperature
toughness. Therefore, in the present embodiment, B is not actively added and is limited to the level of impurities or less.
The upper limit for the B content is limited to 0.0003%. Preferably, the upper limit for the B content is limited to less than
0.0003%, 0.0002%, or 0.0001%. Generally, in order to set the B content to more than 0.0003%, B is intentionally included
in a steel.

(P: 0.03% or less, S: 0.02% or less, and O: 0.005% or less)

[0039] P (Phosphorus), S (Sulfur), and O (Oxygen) are impurities. P and S encourage the weld cracking through
solidifying segregation and deteriorates the low temperature toughness. Preferably, the upper limit for the P content is
limited to 0.03%, 0.02%, or 0.01%. In addition, preferably, the upper limit for the S content is limited to 0.02% or 0.01%.
O deteriorates the low temperature toughness by being solid-solubilized in a steel, and deteriorates the low temperature
toughness through coarsening of oxide particles. Preferably, the upper limit for the O content is limited to 0.005%,
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0.004%, or 0.003%.

[0040] In addition to the base elements and the impurities described above, the H section according to the present
embodiment may contain optional elements. For example, instead of a part of Fe which is the remainder as described
above, Cr, Mo, Ni, Cu, W, Ca, Zr, Mg, and/or REM may be contained as optional elements. These optional elements
may be contained in accordance with their purpose. Thus, there is no need to limit the lower limit values for these optional
elements, and the lower limit values may be 0%. In addition, even if these optional elements are contained as impurities,
the foregoing effects are not impaired.

(Cr: 0% to 0.30%)

[0041] Cr (Chromium) is an element which contributes to improvement of strength. As necessary, the Cr content may
be 0% to 0.30%. In order to further improve the strength, the lower limit for the Cr content is preferably set to 0.01%,
0.05%, or 0.10%. On the other hand, when the Cr content exceeds 0.30%, the generation of an MA may be encouraged
and the low temperature toughness may be deteriorated. Therefore, preferably, the upper limit for the Cr content is set
to 0.30%, 0.25%, or 0.20%.

(Mo: 0% to 0.20%)

[0042] Mo (Molybdenum) is an element which is solid-solubilized in a steel and contributes to improvement of strength.
As necessary, the Mo content may be 0% to 0.20%. In order to further improve the strength, the lower limit for the Mo
content is preferably set to 0.01%, 0.05%, or 0.10%. However, when the Mo content exceeds 0.20%, the generation of
an MA may be encouraged, and which may lead to deterioration in low temperature toughness. Therefore, the upper
limit for the Mo content is preferably set to 0.20%, 0.17%, or 0.15%.

(Ni: 0% to 0.50%)

[0043] Ni (Nickel) is an element which is solid-solubilized in a steel and contributes to improvement of strength. As
necessary, the Ni content may be 0% to 0.50%. In order to further improve the strength, the lower limit for the Ni content
is preferably set to 0.01%, 0.05%, or 0.10%. However, when the Ni content exceeds 0.50%, the hardenability may be
increased, the generation of an MA may be encouraged, and the low temperature toughness may be deteriorated.
Therefore, the upper limit for the Ni content is preferably set to 0.50%, 0.30%, or 0.20%.

(Cu: 0% to 0.35%)

[0044] Cu (Copper) is an element which contributes to improvement of strength. As necessary, the Cu content may
be 0% to 0.35%. However, addition of Cu may encourage the generation of an MA and may deteriorate the low temperature
toughness. Therefore, preferably, the Cu content is limited to 0.30% or less, 0.20% or less, or 0.10% or less. Alternatively,
the Cu content may be limited to less than 0.03% or less than 0.01% which is the level of impurities.

(W: 0% to 0.50%)

[0045] W (Tungsten)is an element which is solid-solubilized in a steel and contributes to improvement of strength. As
necessary, the W content may be 0% to 0.50%. Preferably, the lower limit for the W content is set to 0.001%, 0.01%,
or 0.10%. However, when the W content exceeds 0.50%, the generation of an MA may be encouraged and the low
temperature toughness may be deteriorated. Therefore, preferably, the upper limit for the W content is set to 0.50%,
0.40%, or 0.30%. In a case where W is not intentionally added, the W content included as an impurity is set to less than
0.001%. In order to set the W content to 0.001% or more, W is intentionally included in a steel.

(Ca: 0% to 0.0050%)

[0046] Ca (Calcium)is anelementwhich is effective for controlling the form of sulfide, suppresses generation of coarse
MnS, and contributes to improvement of low temperature toughness. As necessary, the Ca content may be set 0% to
0.0050%. Preferably, the lower limit for the Ca content is set to 0.0001%, 0.0005%, or 0.0010%. On the other hand,
when the Ca content exceeds 0.0050%, the low temperature toughness may be deteriorated. Therefore, preferably, the
upper limit for the Ca content is set to 0.0050%, 0.0040%, or 0.0030%.
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(Zr: 0% to 0.0050%)

[0047] Zr (Zirconium) is an element which is precipitated as carbide, nitride, or a composite thereof and contributes
to precipitation strengthening. As necessary, the Zr content may be set 0% to 0.0050%. Preferably, the lower limit for
the Zr content is set to 0.0001%, 0.0005%, or 0.0010%. On the other hand, when the Zr content exceeds 0.0050%,
carbide or nitride of Zr may be coarsened and the low temperature toughness may be deteriorated. Therefore, preferably,
the upper limit for the Zr content is set to 0.0050%, 0.0040%, or 0.0030%. In a case where Zr is not intentionally added,
the Zr content included as an impuirity is set to less than 0.0001%. In order to set the Zr content to 0.0001% or more, Zr
is intentionally included in a steel.

(Mg: 0% to 0.0050%, and REM: 0% to 0.0050%)

[0048] Mg (Magnesium) and REM (rare earth metal) are elements which contribute to improvement of toughness of
a base material or toughness of a welded heat-affected zone (HAZ). As necessary, the Mg content may be 0% to
0.0050%, and the REM content may be 0% to 0.0050%. Preferably, the lower limit for the Mg content is set to 0.0005%,
0.0010%, or 0.0020%, and the lower limit for the REM content is set to 0.0005%, 0.0010%, or 0.0020%. On the other
hand, preferably, the upper limit for the Mg content is set to 0.0040%, 0.0030%, or 0.0025%, and the upper limit for the
REM content is set to 0.0040%, 0.0030%, or 0.0025%.

(Ceq: 0.30 to 0.48)

[0049] In the H section according to the present embodiment, from the view of ensuring the strength, the carbon
equivalent Ceq is controlled. Specifically, when the Ceq is set as the following Expression 1, C, Mn, Cr, Mo, V, Ni, and
Cu, by mass%, in the chemical composition of an H section satisfy 0.30<Ceq<0.48. If the Ceqis less than 0.30, strength
becomes insufficient. Therefore, the lower limit for Ceq is set to 0.30. Preferably, the lower limit for Ceq is set to 0.32%,
0.34%, or 0.35%. On the other hand, when Ceq exceeds 0.48, the low temperature toughness is deteriorated. Therefore,
the upper limit for Ceq is set to 0.48. Preferably, the upper limit for Ceqis set to 0.45%, 0.43%, or 0.40%. When the Ceq
is calculated by the following Expression 1, the Ceq may be calculated by substituting O for the value in Expression 1,
for an element in which the amount in a steel is equal to or less than a detection limit.

Ceq=C+Mn/6+(Cr+Mo+V)/5+(Ni+Cu)/15 ... (Expression 1)

[0050] The steel composition described above may be measured by a general analysis method for a steel. For example,
the steel composition may be measured by using ICP-AES (inductively coupled plasma-atomic emission spectrometry).
C and S may be measured by using a combustion-infrared absorption method, N may be measured by using an inert
gas fusion-thermal conductivity method, and O may be measured by using an inert gas fusion-non dispersive infrared
absorption method.

[0051] Next, the steel structure and reasons for limiting numerical ranges of the H section according to the present
embodiment will be described in detail.

[0052] In the H section according to the present embodiment, the steel structure includes ferrite of 60% to less than
100% by area fraction, a mixed structure MA of martensite and austenite being limited to 3.0% or less, and a structure
other than ferrite and the MA being limited to 37% or less. In addition, the average grain size of ferrite is set to 1 um or
more and 30 pm or less.

(Area fraction of ferrite: 60% to less than 100%)

[0053] Ferrite is a main constituent phase in the steel structure of the H section according to the present embodiment.
If the area fraction of ferrite is less than 60%, low temperature toughness is deteriorated. Therefore, the lower limit for
the ferrite fraction is set to 60%. Preferably, the lower limit for the ferrite fraction is set to 65%, 70%, or 75%. On the
other hand, controlling the area fraction of ferrite to 100% is physically difficult because it involves formation of pearlite
or bainite. Therefore, the upper limit for the ferrite fraction is set to less than 100%. In order to preferably control the
strength and the low temperature toughness, the upper limit for the ferrite fraction is preferably set to 90%, 85%, or 80%.

(Area fraction of MA: 3.0% or less)

[0054] If generation of an MA is encouraged, low temperature toughness is deteriorated. In the H section according
to the present embodiment, strength of a steel is increased without encouraging the generation of an MA. Therefore,
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the MA fraction is limited to 3.0% or less. Preferably, the upper limit for the MA fraction is set to 2.5%, 2.0%, or 1.5%.
The smaller the MA fraction, the more preferable. Therefore, the lower limit for the MA fraction may be 0%.

(Area fraction of structure other than ferrite and MA: 37% or less)

[0055] The steel structure of the H section according to the present embodiment includes bainite, pearlite, and the
like as structures other than the ferrite and the MA, as described above. If a structure other than ferrite and an MA is
excessively included, low temperature toughness is deteriorated. Therefore, the area fraction of a structure other than
ferrite and an MA (the remainder of ferrite and an MA, as described above) is limited to 37% or less. Preferably, the
fraction of a structure other than ferrite and an MA is set to 35% or less, 30% or less, or 25% or less. The smaller the
fraction of a structure other than ferrite and an MA, the more preferable. Therefore, the lower limit therefor may be 0%.

(Average grain size of ferrite: 1 um to 30 pm)

[0056] Itis preferable that an average grain size of ferrite is refined. When the grain size of ferrite exceeds 30 um, the
low temperature toughness is deteriorated. Therefore, the upper limit for the grain size of ferrite is set to 30 wm. Preferably,
the upper limit for the grain size of ferrite is set to 25 pum, 22 um, or 18 um. On the other hand, it is industrially difficult
to control the grain size of ferrite to be less than 1 um. Therefore, the lower limit for the grain size of ferrite is set to 1
pm. Preferably, the lower limit for the grain size of ferrite is set to 3 um, 5 um, or 10 pum.

[0057] The steel structure described above may be discriminated through observation using an optical microscope.
For example, FIG. 1 is a schematic cross-sectional view orthogonal to a rolling direction of an H section. However, the
steel structure is observed by setting a portion in the vicinity of an evaluation portion 7 illustrated in FIG. 1 as an observed
section. Specifically, in FIG. 1, the steel structure is observed by setting a portion in the vicinity of the evaluation portion
7 at a position of (1/6)F from an end surface 5a of a flange in a width direction and a position of (1/4)t, from an outer
surface 5b of the flange in a thickness direction, as the observed section. This observed section is a section parallel to
the end surface 5a of the flange in the width direction.

[0058] The steel structure is observed by polishing and etching the observed section described above. Polishing is
performed until the observed section becomes a specular section, and etching is performed by using an etching solution
suitable for identifying the constituent phase. For example, if the observed section finished to be a specular section is
etched with a nital solution such that the steel structure is manifested, pearlite or bainite is colored. Therefore, ferrite,
martensite, and austenite can be identified. In addition, if the observed section finished to be a specular section is etched
with a Le Pera solution such that the steel structure is manifested, the constituent phases other than martensite and
austenite are colored black. Therefore, the mixed structure MA of martensite and austenite can be identified.

[0059] In the H section according to the present embodiment, the fractions of ferrite and an MA are obtained from the
nital-etched observed section, and the remainder is regarded as the fractions of the structures of pearlite and bainite.
The MA fraction is obtained from the Le Pera-etched observed section. Specifically, on a photograph of an optical
microscope of 200 magnifications (as necessary, a plurality of visual fields) captured in the nital-etched observed section,
measurement points are disposed in a lattice shape having one side of 25 pm, and it is discriminated whether or not
the structure is ferrite or an MA at not less than 1,000 measurement points. The value obtained by dividing the number
of measurement points determined to be ferrite or an MA by the number of all of the measurement points is regarded
as the fraction of ferrite or an MA.

[0060] Similarly, on a photograph of an optical microscope of 200 magnifications (as necessary, a plurality of visual
fields) captured in the Le Pera-etched observed section, measurement points are disposed in a lattice shape having
one side of 25 um, and it is discriminated whether or not the structure is an MA at not less than 1,000 measurement
points. The value obtained by dividing the number of measurement points determined to be an MA by the number of all
of the measurement points is regarded as the MA fraction. Then, the fraction of ferrite is obtained by subtracting the
total fraction of pearlite, bainite, and the MA fraction obtained as above from 100%.

[0061] In addition, in the H section according to the present embodiment, the average grain size of ferrite is obtained
by an intercept method in conformity with JIS G 0551 (2013) using the photograph of an optical microscope of 200
magnifications captured in the nital-etched observed section described above.

[0062] Next, mechanical properties of the H section according to the present embodiment will be described in detail.
[0063] In the H section according to the present embodiment, test pieces are collected from a region including the
evaluation portion 7 illustrated in FIG. 1, as a position at which the average mechanical properties (strength and low
temperature toughness) can be obtained, and mechanical properties are evaluated.

[0064] First, the evaluation portion 7 in FIG. 1 will be described. FIG. 1 is a schematic cross-sectional view orthogonal
to the rolling direction of an H section. In FIG. 1, an X-axis direction is defined as the width direction of the flange, a Y-
axis is defined as the thickness direction of the flange, and a Z-axis direction is defined as the rolling direction.

[0065] As illustrated in FIG. 1, when the length of the flange in the width direction is F and the thickness of the flange
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is t,, the center of the evaluation portion 7 is at the position of (1/6)F from the end surface of the flange in the width
direction and the position of (1/4)t, from the outer surface of the flange in the thickness direction. The outer surface of
the flange in the thickness direction is a surface on one side in the thickness direction of the flange, is a surface on a
side which does not come into contact with a web 6, and is the surface 5b illustrated in FIG. 1. In addition, the end
surface of the flange in the width direction is the end surface 5a illustrated in FIG. 1.

[0066] A test piece used when low temperature toughness is evaluated through the Charpy test is collected at the
position of the evaluation portion 7 such that the longitudinal direction of the test piece becomes parallel to the rolling
direction. In addition, a surface on which a notch is formed in the test piece is any of surfaces parallel to the end surface
5a of the flange in the width direction. In addition, the test piece may be collected at any position as long as it is the
position of (1/6)F from the end surface 5a of the flange in the width direction and the position of (1/4)t, from the outer
surface 5b of the flange in the thickness direction.

[0067] A test piece used when yield stress (yield strength or 0.2% proof stress) and tensile strength (maximum tensile
strength) are evaluated through a tension test is collected such that the position of (1/6)F from the end surface 5a of the
flange in the width direction becomes the center of the test piece in the thickness direction, in FIG. 1. In a test piece, the
longitudinal direction of the test piece may be parallel to the rolling direction such that the entirety of the flange in the
thickness direction is cut out. The test piece may be collected at any position as long as it is the position of (1/6)F from
the end surface 5a of the flange in the width direction.

[0068] In the H section according to the present embodiment, as mechanical properties, the yield stress at a normal
temperature becomes 385 MPa or more, the tensile strength becomes 490 MPa or more, and the Charpy absorbed
energy at -20°C becomes 100 J or greater. When the strength is excessively high, the low temperature toughness may
be impaired. Therefore, the upper limit for the yield stress is preferably set to 530 MPa and the upper limit for the tensile
strength is preferably set to 690 MPa. In addition, since it is industrially difficult that the Charpy absorbed energy at-20°C
exceeds 500 J, the upper limit for the Charpy absorbed energy at - 20°C may be set to 500 J. A normal temperature
indicates 20°C.

[0069] When mechanical properties of the H section according to the present embodiment are evaluated, the tension
test is performed in conformity with JIS Z 2241 (2011), and the Charpy test is performed in conformity with JIS Z 2242
(2005). When a yielding phenomenon is recognized in a stress-strain curve obtained from the tension test, yield strength
is obtained as the yield stress. When no yielding phenomenon is recognized in the stress-strain curve, 0.2% proof stress
is obtained as the yield stress.

[0070] Next, the shape of the H section according to the present embodiment will be described in detail.

[0071] In the H section according to the present embodiment, the thickness t, of the flange is 20 mm to 140 mm. For
example, in a high-rise building structure, thick H sections are demanded as strength members. Therefore, the lower
limit for the thickness of the flange is set to 20 mm. Preferably, the lower limit for the thickness of the flange is set to 25
mm, 40 mm, or 56 mm. On the other hand, if the thickness t, of the flange exceeds 140 mm, the working amount at the
time of hot working becomes insufficient, so that it is difficult to achieve both the strength and the low temperature
toughness. Therefore, the upper limit for the thickness of the flange is set to 140 mm. Preferably, the upper limit for the
thickness of the flange is set to 125 mm, 89 mm, or 77 mm. For example, it is preferable that the thickness t, of the
flange is 25 mm to 140 mm. The thickness t; of the web of an H section is not particularly regulated. However, it is
preferable that the thickness t; of the web of an H section is 20 mm to 140 mm, and it is more preferable that the thickness
ty of the web of an H section is 25 mm to 140 mm.

[0072] In addition, in a case where an H section is manufactured through hot rolling, it is preferable that the ratio (t,/t)
of thickness of flange / thickness of web is 0.5 to 2.0. If the ratio (t,/t;) of thickness of flange / thickness of web exceeds
2.0, the web may be deformed into a wavy shape. On the other hand, in a case where the ratio (t,/t;) of thickness of
flange / thickness of web is less than 0.5, the flange may be deformed into a wavy shape.

[0073] In technologies in the related art, in thick H sections having a thickness of a flange of 20 mm or more, it has
been difficult to achieve both the strength and the toughness. However, even though the H section according to the
present embodiment is a thick H section having a thickness of a flange of 20 mm or more, the steel composition and
the steel structure are optimally controlled. Therefore, it is possible to achieve both the strength and the low temperature
toughness.

[0074] Next, apreferable method for manufacturing the H section according to the present embodiment will be described
in detail.

[0075] The method for manufacturing an H section according to the presentembodiment includes steelmaking, casting,
heating, hot rolling, and cooling.

[0076] In the steelmaking, the chemical composition of a molten steel is adjusted to obtain the steel composition
described above. In the steelmaking, a molten steel manufactured by performing converter refining or secondary refining
may be used, or a molten steel melted in an electric furnace may be used as a raw material. In the steelmaking, as
necessary, deoxidation processing or vacuum degassing may be performed.

[0077] In the casting, a steel piece is obtained by casting a molten steel after the steelmaking. Casting is performed
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by a continuous casting method, an ingot method, or the like. From the viewpoint of productivity, it is preferable to adopt
continuous casting. It is preferable that the shape of a steel piece is a beam blank having a shape close to that of an H
section to be manufactured, but the shape thereofis not particularly limited. In addition, from the viewpoint of productivity,
it is preferable that the thickness of a steel piece is 200 mm or more. In consideration of reduction of segregation or
homogeneity in the heating temperature before hot rolling is performed, it is preferable that the thickness thereof is 350
mm or less.

[0078] In the heating, a steel piece after the casting is heated to 1,100°C to 1,350°C. If the heating temperature of a
steel piece is less than 1,100°C, deformation resistance at the time of finish rolling is increased. Therefore, the lower
limit for the heating temperature is set to 1,100°C. In order to sufficiently solid-solubilize elements which forms carbide
or nitride, such as Nb, the lower limit for the heating temperature is preferably set to 1,150°C. On the other hand, if the
heating temperature exceeds 1,350°C, scale on a steel piece surface is liquefied, so that manufacturing is hindered.
Therefore, the upper limit for the heating temperature is set to 1,350°C. In the heating, a steel piece which is not cooled
to the room temperature after the casting may be used.

[0079] Inthe hot rolling, rough rolling, intermediate rolling, and finish rolling are performed with respect to a steel piece
after the heating. In rough rolling, forming is performed such that the shape seen in a cut section orthogonal to the rolling
direction becomes a substantial H-shape. With respect to this steel piece having a substantial H-shape, hot rolling, in
which the surface temperature of the steel is a temperature range of more than 900°C and 1,100°C or less and the
cumulative rolling reduction is 20% or more, is performed. Moreover, hot rolling, in which the surface temperature of the
steel is a temperature range of 730°C to 900°C and the cumulative rolling reduction is 15% or more, is performed. In
this hot rolling, forming is performed such that the shape seen in the foregoing cut section ultimately becomes an H-shape.
[0080] In the temperature range of more than 900°C and 1,100°C or less, in order to reduce the generation amount
of bainite or an MA through grain refinement of austenite grains, the cumulative rolling reduction is set to 20% or more.
Preferably, the lower limit for the cumulative rolling reduction in the temperature range of more than 900°C and 1,100°C
orless is set to 25%, 30%, or 35%. As necessary, the upper limit for the cumulative rolling reduction in the temperature
range of more than 900°C and 1,100°C or less may be set to 60%.

[0081] In the temperature range of 730°C to 900°C, in order to refine ferrite, the cumulative rolling reduction is set to
15% or more. Preferably, the lower limit for the cumulative rolling reduction in the temperature range of 730°C to 900°C
is set to 20%, 25%, or 30%. As necessary, the upper limit for the cumulative rolling reduction in the temperature range
of 730°C to 900°C may be set to 50%.

[0082] Whenrollingis performed at atemperature below 730°C, and which may lead to deterioration in low temperature
toughness. Therefore, a finish temperature of rolling (finish rolling temperature) is set to 730°C or more on the surface
temperature of a steel. Preferably, the upper limit for the finish rolling temperature is set to 750°C.

[0083] In the hot rolling, rough rolling, intermediate rolling, and finish rolling are performed. However, for example,
rolling at the temperature range of more than 900°C to 1,100°C may be performed by any of rough rolling, intermediate
rolling, and finish rolling. Similarly, rolling at the temperature range of 730°C to 900°C may be performed by any of rough
rolling, intermediate rolling, and finish rolling. In the method for manufacturing an H section according to the present
embodiment, the cumulative rolling reduction in the foregoing temperature range may be controlled.

[0084] In addition, the cumulative rolling reduction in the foregoing temperature range is obtained with reference to
the thickness of the flange at a position corresponding to (1/6)F from the end surface 5a of the flange in the width direction
illustrated in FIG. 1. For example, the cumulative rolling reduction in the temperature range of more than 900°C and
1,100°C or less is set to the rolling reduction calculated from the difference between the thickness of the flange at the
time when the surface temperature of a steelis 1,100°C and the thickness of the flange immediately before the temperature
reaches 900°C. Similarly, the cumulative rolling reduction in the temperature range of 730°C to 900°C is set to the rolling
reduction calculated from the difference between the thickness of the flange at the time when the surface temperature
of a steel is 900°C and the thickness of the flange at the time when the surface temperature of a steel is 730°C.
[0085] Inthe hotrolling, the methods for rough rolling, intermediate rolling, and finish rolling are not particularly limited.
For example, breakdown rolling is performed as the rough rolling, universal rolling or edging rolling is performed as the
intermediate rolling, universal rolling is performed as the finish rolling, so that the shape seen in a cut section orthogonal
to the rolling direction may be formed into an H-shape.

[0086] In the hot rolling, water cooling may be performed between rolling passes. Water cooling performed between
the rolling passes is cooling performed for the purpose of controlling temperature in a temperature range which is more
than the temperature at which austenite is phase-transformed. Bainite or an MA is not generated in a steel due to water
cooling performed between the rolling passes.

[0087] In addition, in the hot rolling, dual heat rolling may be performed. Dual heat rolling means a rolling method in
which a steel piece is cooled to a temperature of 500°C or less after primary rolling, and then, the steel piece is heated
to 1,100°C to 1,350°C and secondary rolling is performed again. In dual heat rolling, the plastic deformation amount is
reduced in hot rolling, and the decrease in temperature in the rolling also becomes small. Therefore, a second heating
temperature can be lowered.
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[0088] In the cooling, a hot rolled material after the hot rolling is cooled. In the method for manufacturing an H section
according to the present embodiment, a hot rolled material is subjected to natural cooling in the atmosphere as it is after
ending of the hot rolling. In a case where a hot rolled material is subjected to natural cooling in the atmosphere, the
average cooling rates of a surface of a steel and inside thereof from 800°C to 500°C become 1 °C/sec or less. Since
the cooling rates of a surface of a steel and inside thereof are uniform by performing natural cooling on a hot rolled
material in the atmosphere, unevenness in mechanical properties depending on the portions of a steel is suppressed.
In the method for manufacturing an H section according to the present embodiment, natural cooling means that cooling
is performed in the atmosphere without forcibly performing cooling until the temperature of a steel reaches to 400°C or
less from immediately after hot rolling.

[0089] In technologies in the related art, a hot rolled material has been subjected to accelerated cooling in order to
achieve both the strength and the toughness. Accordingly, unevenness in mechanical properties has been caused
between a surface of a steel and inside thereof. On the other hand, in the method for manufacturing an H section
according to the present embodiment, although a hot rolled material is subjected to natural cooling in the atmosphere,
the steel composition and the steel structure are optimally controlled. Therefore, itis possible to achieve both the strength
and the low temperature toughness without causing unevenness in mechanical properties between a surface of a steel
and inside thereof.

[0090] Since the method for manufacturing an H section according to the present embodiment does not require an
advanced steelmaking technology or accelerated cooling, it is possible to reduce a manufacturing load and to shorten
a construction period. Therefore, the H section according to the present embodiment can improve reliability of a large
building without impairing economic feasibility.

[Example 1]

[0091] Next, the effects of the aspect of the present invention will be specifically described in more detail using Ex-
amples. However, the conditions in Examples are merely examples of conditions employed to check the feasibility and
the effects of the presentinvention, and the present invention is not limited to these examples of conditions. The present
invention can employ various conditions as long as the conditions do not depart from the gist of the present invention
and the object of the present invention is achieved.

[0092] Steels respectively having the chemical compositions shown in Table 1 to Table 3 were smelted, and steel
pieces having a thickness of 240 mm to 300 mm were manufactured through continuous casting. The steels were smelted
by using a converter, and their compositions were adjusted by performing primary deoxidation and adding an alloying
element. As necessary, vacuum degassing was performed. H sections were manufactured by heating the obtained steel
pieces and performing hot rolling. The steel compositions indicated as compositions No. 1 to No. 48 were obtained by
chemically analyzing samples respectively collected from the manufactured H sections. Although it is not shown in
Tables, P was 0.03% or less, S was 0.02% or less, and O was 0.005% or less in all of the Examples. The blank for the
chemical composition in Tables indicates that it was not actively added to the steel, or its amount was equal to or less
than the detection limit.

[0093] FIG. 2 illustrates processes for manufacturing an H section. Hot rolling of a steel piece heated by a heating
furnace 1 was performed in a universal rolling apparatus array including a rough rolling mill 2a, an intermediate rolling
mill 2b, and a finish rolling mill 2c. A hot rolled material was subjected to natural cooling as it is until the temperature
reached to 400°C or less after ending of hot rolling. Both the average cooling rates of a surface of the hot rolled material
and inside thereof from an ending temperature of hot rolling to 500°C were 1 °C/sec or less. In the case where water
cooling was performed between passes of hot rolling, spray cooling of an outer surface of the flange was performed by
using water cooling apparatuses 3 provided in the front and the rear of the intermediate universal rolling mill (intermediate
rolling mill) 2b. In this case, reverse rolling was performed.

[0094] Table 4 to Table 6 show the manufacturing conditions and the manufactured results. The rolling reductions at
the time of hotrolling shown in Table 4 to Table 6 are cumulative rolling reductions in the temperature ranges at a position
corresponding to (1/6)F from the end surface 5a of the flange in the width direction illustrated in FIG. 1.

[0095] Inregard to the manufactured H sections, as described above, the Charpy test was performed at-20°C by using
the test piece collected from the evaluation portion 7 illustrated in FIG. 1, and the low temperature toughness was
evaluated. In addition, the tension test was performed at a normal temperature (20°C) by using the test piece in which
the position of (1/6)F from the end surface 5a of the flange in the width direction became the center in the thickness
direction, and the tensile properties were evaluated. In addition, the structure was observed by using the sample having
a portion in the vicinity of the evaluation portion 7 illustrated in FIG. 1 as the observed section, and the steel structure
was evaluated.

[0096] The tension test was performed in conformity with JIS Z 2241 (2005). In the case where the stress-strain curve
of the tension test indicated yielding behavior, a yield point was regarded as the yield stress. In the case where no
yielding behavior was indicated, 0.2% proof stress was regarded as the yield stress. A Charpy impact test was performed
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in conformity with JIS Z 2242 (2005). The Charpy impact test was performed at -20°C.

[0097] The structure was observed by using the method described above, and the ferrite fraction, the MA fraction,
and the fraction of a structure other than the ferrite and the MA was measured by using a photograph of an optical
microscope. In addition, the structure other than the ferrite and the MA was bainite or pearlite. In addition, the average
grain size of ferrite was obtained by an intercept method in conformity with JIS G 0551 (2013) using a photograph of an
optical microscope.

[0098] Inregard to the tensile properties, a steel having yield stress (YS) at a normal temperature of 385 MPa or more
and tensile strength (TS) of 490 MPa or more was determined as PASSED. In addition, in regard to the low temperature
toughness, a steel having Charpy absorbed energy at -20°C (vE-20) of 100 J or greater was determined as PASSED.
[0099] As shownin Tables 1to 6, in Serial No. 1 to No. 8, Serial No. 11 to No. 18, and Serial No. 34 to No. 43, which
were the examples in the present invention, all of the steel composition, the steel structure, and mechanical properties
satisfied the range of the present invention.

[0100] On the other hand, in Serial No. 9 to No. 10, Serial No. 19 to No. 33, and Serial No. 44 to No. 50, which were
comparative examples, any of the steel composition, the steel structure, and mechanical properties did not satisfy the
range of the present invention.

[0101] Serial No. 9 was an example in which rolling reduction within more than 900°C and 1,100°C or less was
insufficient. Therefore, the ferrite fraction in the steel structure became insufficient and the fraction of the structure other
than the ferrite and the MA became excessive, so that the Charpy absorbed energy at -20°C became insufficient.
[0102] Serial No. 10 was an example in which rolling reduction within 730°C to 900°C was insufficient. Therefore,
grain size of ferrite was coarsened, so that the Charpy absorbed energy at -20°C became insufficient.

[0103] Serial No. 19 was an example in which rolling reduction within more than 900°C and 1,100°C or less was
insufficient. Therefore, the fraction ferrite became insufficient, the MA fraction became excessive, and the fraction of the
structure other than the ferrite and the MA became excessive, so that the Charpy absorbed energy at - 20°C became
insufficient.

[0104] Serial No. 20 was an example in which the C content was large. Serial No. 25 was an example in which the
Nb content was large. Serial No. 26 was an example in which the V content was large. Serial No. 28 was an example
in which the Al content was large. Serial No. 29 was an example in which the Ti content was large. Serial No. 30 was
an example in which the N content was large. Serial No. 31 was an example in which Ceq was excessive. Therefore,
the Charpy absorbed energy at - 20°C became insufficient in these examples.

[0105] Serial No. 21 was an example in which the C content was small. Serial No. 24 was an example in which the
Mn content was small. Serial No. 32 was an example in which Ceq was insufficient. Serial No. 46 was an example in
which the Si content was small. Therefore, YS and TS became insufficient in these examples.

[0106] Serial No. 22 was an example in which the Si content was large. Serial No. 23 was an example in which the
Mn content was large and MA fraction was excessive. Therefore, the Charpy absorbed energy at -20°C became insuf-
ficient in these examples.

[0107] Serial No. 27 was an example in which the V content was small, so that grain size of ferrite is coarsened.
Therefore, the Charpy absorbed energy at -20°C became insufficient.

[0108] Serial No. 33 was an example in which the B content was excessive and Ceq was excessive. Serial No. 49
was an example in which the B was large, so that the MA fraction became excessive. Therefore, the Charpy absorbed
energy at -20°C became insufficient in these examples.

[0109] Serial No. 44 and Serial No. 45 were examples in which the V content was small, so that grain size of ferrite
was coarsened. Therefore, the Charpy absorbed energy at -20°C became insufficient in these examples.

[0110] Serial No. 47 was an example in which the Nb content was small, so that grain size of ferrite was coarsened.
Therefore, YS and TS became insufficient and the Charpy absorbed energy at -20°C became insufficient.

[0111] Serial No. 48 was an example in which the Ti content was small, so that grain size of ferrite was coarsened.
Therefore, the Charpy absorbed energy at -20°C became insufficient.

[0112] Serial No. 50 was an example in which the finish rolling temperature was low. Therefore, the Charpy absorbed
energy at -20°C became insufficient.

13



EP 3 533 893 A1

"uonuaAul Jussald ay} Jo abuel sy} puoAag si anjeA sy} Jey} suesw aulispun ay |
"JWI| UoiOB}ap B UeY) SS9) Jo 0} [enba si Jo pappe Ajjeuonusiul Jou Si jJuswaje Ue Jey} sueaw yue|q ay |

66€°0 0c0 | 00 | 6L°0 | 0CO | 62000 | OLO'O | CEO0 | 880°0 | €€0°0 | OE'L | L0°0 | 090°0 Sl Ll
26€°0 8L'0 ¢/00°0 | 600°0 | G200 | cOL'O | Y00 | 6S'L | €€°0 | LLOO 14 9l
86€°0 G600°0 | ¢L0'0 | 6100 | 6600 | 0E0'0 | SS'L | 950 | 0800 €l Sl
$G€°0 | S200°0 Le0 95000 | 600°0 | O¥0'0 | 0600 | S€0°0 | S€'L | ¢L'0 | 060°0 cl 14
1€€°0 #1100 | 6100 | LS00 | 0L0°0 | SO0'0 | OY'L | SL'O | 0600 L €l
Gece0 02000 610 08000 | Z00°0 | 0€00 | 860°0 | 0CO'0 | LO'L | 820 | 6600 ol cl
11€°0 82¢°0 | ¢C00°0 | 000 | ¢L00 | 6800 | 600 | 2C°L | L¥0 | 00L°O 6 b
86€°0 1/00°0 | LLO'O | OEO'0 | LLL'O | G¥00 | 09'L | SO0 | 60L°0 8 ol
86€°0 1/00°0 | LLOO | OEO'0 | LLL'O | G¥00 | 09'L | SO0 | 60L°0 8 6
86€°0 1/00°0 | LLO'O | OEO'0 | LLL'O | G¥00 | 09'L | SO0 | 60L°0 8 8
0.€0 9€00°0 0C’0 | 6L00°0 | 8000 | 0€0°0 | 6600 | €€0°0 | OC'L | 620 | OLL°O L L
9e€’0 8L'0 ¢¥00'0 | ¢L0°0 | LEO0 | GLL'O | O¥0'0 | S6'0 | ¥P'O | 6LL°O 9 9
€0¥'0 0c’0 | 0C0 0,000 | LLO'O | €00 | OLL'O | S¥0'0 | OV'L | OV'O | LCLO S S
SLy'0 0€00°0 | 0L0'0 | 8200 | COL'O | LYO'O | 6S'L | 600 | OEL'O 14 14
60%°0 | 8L00°0 (0) 0] €2¢00°0 | ¢l0°0 | ¢e0°0 | 6600 | Y00 | SS'L | 8€0 | LELO € €
10€°0 10000 | 2200 | 1600 | LSOO | 9¥0°0 | ¥8°0 | ¥S°O | ZSLO 14 14
14530) G000°0 | ¥20°0 | G600 | 8600 | S¥0'0 | ¢8°0 | SS'0 | 8510 l l
boo iz 20) a| M no IN O 1D N 1L \ A aN Un IS 0 o Uomsodwos | oN [2UeS
(senundwi pue a4 jo Japulewsal) [9,ssew] uonisodwod |esiwayd
[1 a1qel]

10
15
20
25

(=
™

35

40

45

50

55

14



EP 3 533 893 A1

"uonuaAul Juasald ayy Jo abuel sy} puokaq sI anjeA sy} Jey} sueaw aulapun ay |
"JWI| UoIIo8lep B Uey) ss9| Jo 0} [enba sI Jo pappe Ajjeuoijusjul Jou si Juswale Ue Jey} sueaw yue|q ay|

¥92°0 50000 02000 | ¢L0'0 | 0E00 | LS00 | S€0°0 | OL'L | G€0 | 0400 0€ €€
992°0 02’0 | ¥¥000 | 600°0 | 6200 | 1900 | OLOO | 680 | 0E°0 | G900 6¢ 4%
9670 020 | OLO | LL'O | 0S00°0 | ClO0O | 0E00 | CLL'O | G¥O0 | L9'L | G¥P°0 | 0GLO 8¢ 2%
96€°0 1€10°0 | 1100 | 0£0°0 | 20L'0 | 8800 | ¥S'L | 6€0 | 6LL0O e o€
96€°0 L€00'0 | 8200 | 2500 | 060°0 | Zb0'0 | SS'L | 8€0 | 0ZL'0 9¢ 6¢
00¥°0 12000 | 0L0'0 | OLL'O | 0800 | ¥#0°0 | 8S'L | Z£0 | 1210 514 8¢
9€°0 6200°0 | 800°0 | 1200 | ¥¥0'0 | 6800 | ¥S'L | SE0 | 660°0 144 .C
Gero 1G00°0 | 800°0 | 0E00 | OEL'0 | S#0°0 | GS'L | GE0 | L¥L'0 €¢ 9¢
€EY'0 0L0 | LLO 0v00'0 | ZL0'0 | 0v0'0 | €LL°0 | 190°0 | 09°'L | 8€0 | OEL0 [44 14
80€0 1¢’0 | LC0 | 610 6£00°0 | 1100 | 6200 | 6600 | S¥0°0 | €20 | 120 | LOLO 74 144
190 §500°0 | 0L0'0 | LEOO | LLL'O | 8800 | 08'L | 6E0 | 6ELO 0¢ €¢
Lyv'0 010 0,000 | 6000 | ¥¥0'0 | OLL'O | 680°0 | 6S'L | G9°0 | O¥L'O 6l 44
¥2e0 020 | 0¢0 25000 | 1100 | 8200 | LOL'O | 0200 | Z¥'L | OL'O | O¥OO 8l 74
¥9¥°0 010 ¥£00°0 | 1100 | Z€0'0 | 860°0 | L¥OO | 0S'L | OS0 | ¥ZL°0 Ll 0c
[49 4] G20 | 810 0€00°0 | ¢10'0 | 0€00 | 60L°0 | OPO'O | 997} | OC0 | LSOO 9l 6l
[49 4] G20 | 810 0€00°0 | ¢L0'0 | 0600 | 60L°0 | OPO'O | 99} | OCO | LSOO 9l 8l
boo iZ | €O S| no IN O 10 N 1L v A aN Un IS 0 ON UONISOdWOD | ON [BUeS

(senundwi pue a4 jo Japulewsal) [9,ssew] uoiisodwod [esiwayd

10

15

20

[z s19el]

25
35

(=
™

40

45

50

55

15



EP 3 533 893 A1

"uonuaAul Jussald ay} Jo abuel sy} puokag sI anjeA sy} Jey} sueaw aulIapun ay |
“JWI| UOIO8)epP B UBY) SS9 10 0} [enba s Jo pappe Ajjeuonualul Jou si Juswia|e Ue Jey} suesw yuelq ay |

LL€70 G2¢00'0 | 2200 0,00 | ¥#0°0 | 6S'L | 9€°0 | 2600 VA4 0S
cleo ¥000°0 ¢¢’0 | 0C°0 | 020 €€000 | LLOO | LOOO | LSOO | 6E00 | LO'L | SE0 | S90°0 14 6%
€8€°0 6200°0 | ¥000°0 | 2000 | 680°0 | S¥0°0 | 8¥'L | SE0 | 6LL0 14 1514
8G€°0 6£00°0 | 6000 | LOOO | 60L°0 | Y000 | GE'L | SEO | LLLO 144 A4
19€°0 19000 | 1100 | LOOO | 66070 | 200 | 6%} | ¥00°0 | 660°0 197 14
GGe0 6200°0 | 800°0 | LOOO | LEOO | LEOO | 8FL | 9€°0 | Z0LO 44 514
0.€0 61000 020 G2¢00'0 | CL00 0¥0°0 | 0200 | 0S'L | SE0 | 6600 (34 144
88¢€°0 0¢’0 | €4000 | CL00 0800 | Y00 | ¢9'L | Z¥0 | 2900 oy 197
8¥€0 | GL00°0 Lo 08000 | 0LO0 860°0 | 6€0°0 | O¥'L | 0S50 | €200 6€ cv
6€€°0 ¢¢’0 | 0C°0 | 020 1900°0 | G200 | LOO'O | OLL'O | 6100 | OO'L | L¥'O | 2800 8¢ (34
1444\ 0c00'0 | 0LO0 ¢90°0 | 6€0°0 | ¥¥'L | GC'0 | 26070 yAS oy
08¢0 62000 | CL00 LG00 | 2¥0°0 | C9'L | ¥E0 | 00L°0 9¢ 6€
S6€°0 127000 | LLOO | LOOO | LOL'O | #¥00 | 6GL | S€0 | OLLO ge 8¢
L1€0 0c0 0c0 L0L0'0 | G100 680°0 | Y00 | 660 | OL'0 | LZLO 1£% yAS
69€°0 €€00°0 | 0¢0°0 | CO0O0 | LOL'O | 2E0°0 | ¢€'L | OV 0 | 62L°0 €e 9¢
€1€°0 | L2000 | 22000 60°0 05000 | 6000 8/0°0 | G100 | OC'L | LSO | 6ELO 4% ge
8€€0 90000 | 80070 660°0 | 0c0'0 | LO'L | €0°0 | OSL°O e 1£%
boo iz 20) S| M no IN O 1D N 1L \ A aN Un IS 0 oN UonSodwos | ON [2USS
(senundwi pue a4 jo Japulewsal) [9,ssew] uonisodwod [esiway)

10

15

20

25

[¢ s1qelL]

(=
™

35

40

45

50

55

16



EP 3 533 893 A1

UOIJUdAUI ) . .
Ju8sald 681 6¢S 1434 L'0C L6l €0 08 i 14] 14 8¢ olel 14 ol cl
UOIJUdAUI ] . .

Juesald 661 [A%] 1457 8'8l S'0¢C S0 6. [44] 14 8¢ olel 14 6 Ll
a|dwex3] — — ) . _

annesedwon 9¢ €99 691 '8¢ 0'ee 0l 9. 008 cl €e 0scl YA 8 0l
8|dwex3 — . — ) — —

annesedwon Yy €G6S L9Y S've ey 8¢ SS 962 8¢ cl 0scl Ll 8 6
UOIJUdAUI ] . .

Juasald Lve 0SS £51°14 yAVA" A4 80 8. 682 8¢ €e 0scl YA 8 8
UOIJUdAUI ) . .

Jussald 114 GGs 147 9¢ClL zee 80 Ll [A°7A 0¢ €e oLel 96 L L
UOIJUdAUI ) . .

Juesald 44 L1S 76¢€ 8Ll 1'G¢ gl €l 6. 44 14 olel ovl 9 9
UOIJUdAUI ) . .

Jussald 80¢ Lcs 1424 6'8l L'ec o 7 108 44 14 oLel ovl S S
UOIJUdAUI ] . .

Juesald 6€¢ S.S 14514 g'GlL 2'6¢ 80 04 092 0¢ G¢ olel oy 14 14
UOIJUdAUI ] . .

Juesald 8¥¢ 048 214 09l S'6¢C 4 89 9. 0¢ G¢ olel oy € €
UOIJUdAUI ) . .

Juasald 801 06S yA%) 4 §'/l¢c cee 8'¢C 9 0§62 1% G¢ olel 0¢c 4 4
UOIJUdAUI ) . .

Ju8sald 09¢ 209 86¥ gel S've S0 72 ov. 1% 0S oLel 0¢ 2 2

[9%] ss?o| 40
(%] VIN 0.00L°L
[wr] | pue e [%] [%] 0.006 oue
(1 | reand | teand | sws jo |-105 vew [%IvIn Jo ooy 0 [0.] 0 0.08L | 4 (oo [0.] qers [ww] N N
Syleway . ) uoojoeyy | - ainjesadwa} ulyIm ° joainesad | obuey jo
0:0Cga | g SA |9zisuiesb| Jayjo uolnoely ueyjalow uoisodwo) | [euas
ealy Buljjos ysiui4 | uononp -wa) BupesH | ssauydIyL
abelany | uonoeyy ealy uiyym
-a1 Bujjoy
ealy uononp
-a1 Buijjoy

10

15

20

25

[ s1qe L]

(=
™

35

40

45

50

55

17



EP 3 533 893 A1

"uonjuaAul Jussald ay} Jo abuel sy} puoAaq si anjeA sy} Jey} suesw aulepun ay |

UOIJUBAUI ] . .
Jussaig 691 [A°1°] 1NA4 8'.¢C oecl 0l 98 68 8¢ €¢ olel Yy Sl Ll
UOoIjUBAUI ) . .
Jussaig L€C 109 00S 8'8l g9l S0 €8 961 0¢ o1 0SL1L o 14’ 9l
UoIjUBAUI ) . .
Jussaig c0¢ 069 09t 98l LGl €0 78 062 o€ 1 0SL1L (074 €l Sl
UoljUBAUI ] . .
Jussaig L1l 47 Sy 9'9¢ LGl €c Z8 (A74°] 1Z 0¢ 0octL 68 cl 145
UoljUBAUI ) . .
Jussaig 08l 6€9 LGY ove 0L 00 €8 8¥8 1Z 0¢ 0octL 68 L €l
[9%] ss?o) 10
(%] VIN 0.00L°L
[wr] | pueew [%] [%] 0,006 oue

(1 | eand | teand | suwey 10 |-11 uew [%IvIn Jo SUBLIO0 [0.] 0 0.08L | oo [0.] qers [ww] N N

syleway 9.02- : uooyoely | ainjeladway ulyym ° joainjesad | abuey jo
0CgA | gl SA |ezisules6| Jayjo uonoely uey}alow uoisodwo) | [euas
ealy Buijjos ysiui4 | uononp -wa) BupesH | ssauxdIyL
abeiany | uonoeyy ealy uiypm
-a1 Buijjoy
ealy uoyonp
-a1 Buijjoy
(panunuod)
[15) S v jo) v j=) v (=) v j=) o)
~ ~ N N @ @ A A v ©w

18



EP 3 533 893 A1

a|dwex3 — ) ) .

annesedwon 6€ 98 (3474 09l 0'ee 00 11 S08 8¢ €e olel L. 9¢ 6¢
a|dwex3] — ) ) .

annesedwon 514 96§ 15147 L9 S've S0 7 661 8¢ €e olel L. 14 8¢
a|dwex3 — — ) .

annesedwon 96 6vS (X474 g'0€ A4 80 6. 6. 8¢ €e oLel L. 1£4 yX4
a|dwex3 — ) ) .

annesedwon Z6 GGG 414 0'GlL 1'0€ o 89 081 8¢ €e olel L. €C 9¢
a|dwex3 — ) ] .

annesedwon 0. V.G €9 6'¢cl S'6¢C Sl 69 S.. 0¢ oY olel 9G 44 14
a|dwex3] — — ) ) .

annesedwon Slc 8Y €8¢ eyl L've €0 S/ 117 0¢ oY olel 9G ¥4 1£4
a|dwex3] — ) ) —

annesedwon 69 G.S 19747 vyl 1'9¢ €e 0. 182 0¢ oY olel 9G 0¢c €C
a|dwex3] — ) ) —

annesedwon 12 LGS 144 '8l g'le g'e <9 €€8 yX4 o€ olel 68 6l 44
a|dwex3 — — ) ) .

annesedwon 124 114 08¢ L'l g8 Sl 06 128 yX4 o€ olel 68 8l ¥4
a|dwex3 ) — .

annesedwon 88 €vs 14914 2’8l [AVAS 80 29 18 yX4 o€ olel 68 Ll 0¢c
a|dwex3 — . — — — _

annesedwon 19 1451 1 XAY 0'9¢ Sy g'e 12 Ge. G¢ €l olel L. 9l 6l
UOIJUdBAUI ] . .
Juasald gel 8§ 8Ly S've oLl 0l 88 (0)%°] 8¢ €e olel L. 9l 8l

[9%] ss9) Jo
0,
[w] H_NMH_\_,___ (%] [%] [%] 0,006 | 0.00L°L
. ’ . [0.] 0} 0,0€. | pued.006| [0 qers [ww]
[l | [ediN] | [ed] | @iepjo |-Jojuey)| VN JO | B)UIS4)O 'ON ON
syJeway . ainjesadwa} ulypm | ueyjasow | jo ainjesad | abuey jo
03| sL SA | ozsulesb) uso | uojoey | uopoey Buyjjol ysiul uoion ulypm | -way bupesH | ssauxdl uonisodwod | [euss
abesany | uonoeyy | eary ealy 1o ysiuig o m.uc___ww_ co.“w.:v } bujesH PPOIUL
el -a1 Buijjoy

10

15

20

25

[s e1qeL]

(=
™

35

40

45

50

55

19



EP 3 533 893 A1

"uonuaAul Jussald ay} Jo abuel sy} puokag sI anjeA sy} Jey} suesw aulIspun ay |

Bldulex3 P 865 | 8ev | 6'L2 0'62 0G 99 6. ze ee oLEL Ll o€ e
aAljeledwo)
Bldulex3 9z | 18y | 69 | 8L L'yl €0 8 vil ze ee oLEL Ll 62 ze
aAljeledwo)
Bldulex3 v ze9 | 98y GGl zee 8¢ g9 008 ze €e olel oy 8z Le
aAljeledwo)
Bldulex3 88 196 | ZSt ZSlL G0z G0 6. €82 ze €e olel L 1z 0¢
aAljeiedwo)
[9%] ss9) 1o
(%] v 0 ,
we] |pueow | [o] [%] [%] 0,006 | 0,004}
) [0.] 01 0,0€. | pueD,006| [0.] qels [wuw] ) )
[r] [edin] | [edin] | @3Jepjo |-19) uEY}| VIN JO | BlIS}O ON ON
SyJeway . alnjesadwa) ulypm ueyjaJow | jo ainjesad abuey} jJo
e RUA=Y Sl SA |9zisuiesb| Jayjo | uonoeyy | uonoels uoljisodwo) | |euss
Bunjosysiui4 | uononp uiyyim -wa} BuneaH | ssauyoIy
abeiany | uonoely | ealy ealy
-aJ Buljjoy | uononp
ealy
-al buijjoy
(panunuod)
[15) S v S v S v S v S v
~ ~ N N ™ ™ < < ['s} v

20



EP 3 533 893 A1

a|dwex3] — — ) .
onpeseduion GP 8GS | v 6°GE L've el v/ 88/ 8z €e oLEL Yy v GP

a|dwex3 — — ] .
onpeseduion Ll 0.5 | 0S¥ 9'¢ce G'Ge Gl €/ 06/ 8z €e oLEl Yy (87 44

UOIJUBAUI . . .

JueseId 662 09S | 8S¥ 0'GlL A4 90 6. €98 12 0¢ olel 68 ov N4

UOINJUSAUIl . . .

JueseId 8lLe s | Lvp 6¢cl v'ee ol 9/ 968 12 0¢ oLel 68 6¢ v

UOIJUSAUIl . . .

JueseId zee 6ES | 8cv ad G'ze GeC G/ 68 X 0¢ oLEl 68 8¢ (87

UOIJUBAUIl . . .

JueseId 8zl 6¥S | 9SP Gz 0/2 ol z. 86/ 8z €e olEl Yy 1€ ov

UOIJUSAUIl . . .

JueseId vLL 19 | vib 6'/2 8'82 A 0. z08 8z €e oLEl Yy 9¢ 6¢

UOIJUBAUI . . .

JueseId GGE 18S | 89t zel zle 80 z. Z18 8z €e oLEl Yy Ge 8¢

UOIJUBAUI . . .

ueseId 00¢ G0S | 8l¥ 08l 9'62 A 69 1Z8 T4 8z olEl Gzl ve 1€

UOIJUBAUI . . .

JueseId 082 6LS | SLp g8l 1’62 el 69 0€8 T4 8z oLel Gzl €¢ 9¢

UOIJUBAUI . . .

JueseId 10€ 195 | Obp vol L'S¢ 60 v/ 128 0¢ oY 0521 95 43 Ge

UOIJUBAUI . . .

JueseId vee 295 | 9sy 89l 1ze €0 Yy 0z8 0¢ oY 0SZL 95 e ve

[9%] ss9) Jo
(%] vIN 0 ,
W] | pueow | [9%] [%] [%] 0,006 | 0.00L°L
_ [0.] 0} 0,0¢. |pPueD,006| [O.] qels [ww] ) )
rl [edi] | [edinl | eWuis}jo | -8 uBY}| VN JO | SHIS4jO ON ON
syJeway . alnjesadwa) ulym ueyjaJow | jo ainjesad abuey} jJo
.02 Sl SA |9zisuiesb| Jayjo | uonoeyj | uonoels uoljisodwo) | |euss
Bunjosysiui4 | uononp ulyyim -wa} Buneay | ssauydIy
abeiany | uonoely | ealy ealy
-aJ Buljjoy | uononp
ealy
-a1 Buijjoy

10

15

20

25

[9 810E 1]

(=
™

35

40

45

50

55

21



EP 3 533 893 A1

"uonuaAul Jussald ay} Jo abuel sy} puokaq sI anjeA sy} Jey} suesw aulIspun ay |

Sldwex3 88 z65 | 86v 58z ¥'0€ 90 69 0z ge sz 0LEL Ll Ly 0S
aAljeledwo)
Sldwex3 ¥G 209 | zev 6.2 ¥'se 9y 0L v1l ze ee 0LEL Ll o 6%
aAljeiedwo)
Sldwex3 g8 19S | by | 8L Sve S0 Gl z6. o€ ee 0LEL Ll S 8y
aAljeiedwo)
Sldwex3 26 6Ly | 6.€ Z'ie 1’82 el 0L 092 o€ oy 0LEL 95 v Ly
aAljeiedwo)
Sldwex3 GLL | /8% | Si¢ 08l gze Se ) €e8 Iz o€ 0LEL 68 ey o
aAljeiedwo)
[9%] ss9) 1o
(%] v 0 ,
we] |pueow | [o] [%] [%] 0,006 | 0,004}
) [0.] 01 0,0€. | pueD,006| [0.] qels [wuw] ) )
[r] [edN] | [edIN] | @38y JO | -18) UBY} | WIA JO | SIS} 4O ON ON
syleway . ainjesedwa) | uiyum | ueyjesow | jo ainjesad | ebuey Jo
0:0Cg8 | g1 SA |ezisuiesb| Jayio | uonoels | uonoels uonisodwo?) | [euas
Buios ysiui4 | uononp uiyum | -wey BunesH | ssauyoly L
abelsany | uonoely | ealy ealy
-l Buljjoy | uononp
ealy
-al buijjoy
(panunuod)
[15) S o] (=) o] (=) o) (=) o] (=) 0
-~ -~ N N ™ ™ A A 9] e]

22



EP 3 533 893 A1
[Industrial Applicability]
[0113] According to the aspect of the present invention, it is possible to provide a thick H section, which has excellent
strength and low temperature toughness, and a method for manufacturing the same. Therefore, industrial applicability
is high.

[Brief Description of the Reference Symbols]

[0114]
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1: heating furnace

2a: rough rolling mill

2b: intermediate rolling mill

2c: finish rolling mill

3: water cooling apparatuses before and after intermediate rolling mill
4: H section

5: flange

5a: end surface of flange in width direction

5b: outer surface of flange in thickness direction

6: web

7: tensile properties, low temperature toughness, and evaluation portion of steel structure
F: length of flange in width direction

H: height

t;: thickness of web

to: thickness of flange

Claims

An H section, wherein

a steel comprises, as a chemical composition, by mass%,

C: 0.05% to 0.160%,

Si: 0.01% to 0.60%,

Mn: 0.80% to 1.70%,

Nb: 0.005% to 0.050%,

V:0.05% to 0.120%,

Ti: 0.001% to 0.025%,

N: 0.0001% to 0.0120%,

Cr: 0% to 0.30%,

Mo: 0% to 0.20%,

Ni: 0% to 0.50%,

Cu: 0% to 0.35%,

W: 0% to 0.50%,

Ca: 0% to 0.0050%,

Zr: 0% to 0.0050%,

Al: limited to 0.10% or less,

B: limited to 0.0003% or less, and

a remainder including Fe and impurities, wherein

C, Mn, Cr, Mo, V, Ni, and Cu in the chemical composition satisfy 0.30<Ceq<0.48, when
Ceq=C+Mn/6+(Cr+Mo+V)/5+(Ni+Cu)/15,

the steel includes, as a metallographic structure, by area fraction, ferrite of 60% to less than 100%, a mixed structure
MA of martensite and austenite being limited to 3.0% or less, and a structure other than the ferrite and the MA being
limited to 37% or less,

an average grain size of the ferrite is 1 wm to 30 um,

a shape is an H-shape and a thickness of a flange is 20 mm to 140 mm, when being seen in a cut section orthogonal
to a rolling direction,

at a position of (1/6)F from an end surface of the flange in the width direction, tensile yield stress is 385 MPa to 530
MPa and maximum tensile strength is 490 MPa to 690 MPa, when a length of the flange in a width direction is F, and

23



10

15

20

25

30

35

40

45

50

55

EP 3 533 893 A1

at the position of (1/6)F and at a position of (1/4)t, from an outer surface of the flange in a thickness direction,
absorbed energy in a Charpy test at -20°C is 100 J or more, when the thickness of the flange is t,.

The H section according to claim 1, comprising, as the chemical composition, by mass%,
Nb: more than 0.02% to 0.050%.

The H section according to claim 1, comprising, as the chemical composition, by mass%,
N: more than 0.005% to 0.0120%.

The H section according to claim 1, comprising, as the chemical composition, by mass%,
Cu: limited to less than 0.03%.

The H section according to claim 1, comprising, as the chemical composition, by mass%,
Al: limited to less than 0.003%.

The H section according to claim 1,
wherein the thickness of the flange is 25 mm to 140 mm.

A method for manufacturing the H section according to any one of claims 1 to 6, comprising:

steelmaking to obtain a molten steel which has the chemical composition according to any one of claims 1 to 5;
casting the molten steel after the steelmaking to obtain a steel piece;

heating the steel piece after the casting to 1,100°C to 1,350°C;

hot rolling on the steel piece after the heating to form a shape, when being seen in a cut section orthogonal to
a rolling direction, into an H-shape under conditions, wherein

a cumulative rolling reduction at a position of (1/6)F from an end surface of a flange in a width direction
within more than 900°C and 1,100°C or less is 20% or more,

the cumulative rolling reduction at the position within 730°C to 900°C is 15% or more, and

the rolling ends at 730°C or more; and

cooling a hot rolled material after the hot rolling by natural cooling.
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