
1                 HEAVY-WALL H-SHAPED STEEL HAVING HIGH TOUGHNESS AND
YIELD STRENGTH AND PROCESS FOR MAKING STEEL STRENGTH
BACKGROUND OF THE INVENTION             1.    Field of Invention  5
The present invention relates to a heavy-wall H-shaped steel excellent in
toughness and yield strength (abbreviated as "YS", yield point or proof
stress) which           is suitable for use in structural members such as
pillars, beams and the like for a           high-rise building. The present
invention further relates to a process of making the           steel. 10
In the present invention, the term "wt%" regarding the chemical composition
means weight percentage. Herein, the "L-direction" means the rolling
direction; the          "C-direction" is a direction perpendicular to the
rolling direction and the thickness          direction; and the
"Z-direction" is the thickness direction.            2.    Description of
Related Art 15               Hot-rolled H-shaped steels are popularly used
for pillars and beams for          buildings. For an H-shaped steel, SM490
steel, SM520 steel or SM570 steel          (specified in JIS G 3106 as a
rolled steel product for welded structure) are widely          used.
H-shaped steels are directed toward a larger thickness and a higher
strength,          along with the tendency of building toward greater
heights and larger scales. For 20       example, an H-shaped steel is
required to have a YS of at least 325 MPa, or more          preferably, at
least 355 MPa, a yield ratio (YR) of up to 80%, and a high toughness. 



These properties are expressed by the following formula:
Yield ratio(YR) = Yield strength(YS)/tensile strength(TS)
However, an increase in thickness of a steel product generally tends to
also 25     lead to a decrease in its strength. In an H-shaped steel having
a flange thickness of at          least 40 mm, it is difficult to achieve a
high strength as represented by a YS of at least          325 MPa or 355
MPa. In order to ensure a high strength by manufacturing the
product based on an ordinary hot rolling process, it is inevitable to
increase the carbon
2            equivalent (Ceq) of the steel product, thus resulting in a
higher welding crack           sensitivity (degradation) and a decrease in
toughness at the welding heat affected zone           (hereinafter referred
to as "welding HAZ").                  In rolling a heavy-wall H-shaped
steel, which must be carried out under an  5       equipment limitation of
a small mill load relative to the sectional area of the bloom, it
is the usual practice to adopt a small reduction rolling (reduction/pass: 1
to 10%) at a           high temperature (at least 950[err]C) of a small
deformation resistance. Under these           rolling conditions, however,
grain refinement is insufficient, leading to the problem of
difficulty in obtaining a satisfactory toughness. 10
Manufacture based on the TMCP (Thermomechanical Control Process) is
known to ensure satisfactory strength, toughness and weldability in
heavy-wall           H-shaped steel. For example, Japanese Examined Patent
Publication No. 56-35734           discloses a manufacturing method of a
flange-reinforced H-shaped steel, that includes           the steps of
hot-rolling a bloom into an H-shaped steel, rapidly cooling the resultant
15       H-shaped steel from the flange outer surface to a temperature
range of from the Ar[err]           transformation point to the Ms
transformation point, and then air-cooling the steel, 



thereby forming a fine, low-temperature-transformed microstructure.
Japanese           Examined Patent Publication No. 58-10422 discloses a
manufacturing method of a           high-strength steel excellent in
workability that includes the steps of, after heating, 20      applying a
rolling reduction of at least 30% at a temperature at least within the
range           of from 980[err]C to the Ar[err] transformation point to
cause precipitation of ferrite, and           rapidly cooling such that the
resultant steel has a ferrite-martensite dual-phase           composite
microstructure.                  In these conventional techniques, however,
rapid cooling from the flange outer 25      surface after hot rolling
results in considerable differences in strength and toughness           on
the flange thickness cross-section and in serious levels of residual stress
and strain,           thus posing many problems upon application to a
heavy-wall H-shaped steel.                  Japanese Unexamined Patent
Publication No. 9-125140 discloses that a certain           S content
(0.004 to 0.015 wt%) and addition of V and N enables a ferrite refinement
30      effect of VN precipitating during rolling and subsequent cooling,
thus giving a          heavy-wall H-shaped steel having excellent
properties. This publication also
3            discloses that an appropriate combination of rolling
conditions in the recrystallization           region brings about a further
improvement of the refinement effect. In this technique,           however,
it is necessary to use an S content of at least 0.004 wt% in addition to V
and           N to achieve the ferrite refinement effect, and as a result,
improvement of toughness is  5       limited at least to some extent by
production of MnS. A particularly serious problem           in such steels
is a still insufficient Charpy absorbed energy in the Z-direction.
Japanese Unexamined Patent Publication No. 5-132716 discloses a toughness
improvement technique by grain refinement. The grain refinement is achieved
by 



creating inner-grain ferrite by dispersing composite inclusions composed of
Al, Ti, 10       Mn or Si composite oxides, MnS and VN. In this technique,
however, it is sometimes           difficult to disperse oxide particles
finely and uniformly. Consequently, the grain           refinement is
sometimes insufficient. Accordingly, it is difficult to improve toughness
in the Z-direction.                  When a bending strain is applied to a
beam of a building structure by an 15       earthquake or a like
high-energy event, stress concentrates in the Z-direction at a
junction of a pillar and the beam. With a small Charpy absorbed energy in
the          Z-direction, such stress concentration causes brittle fracture
even from a small          deformation. For the purpose of improving
seismic resistance, therefore, the Charpy          absorbed energy in the
Z-direction should preferably be as high as possible.   20
SUMMARY OF THE INVENTION                  The present invention has
therefore an object to provide a high-strength and          high-toughness
heavy wall, H-shaped steel.                  According to embodiments of
this invention, the heavy wall, H-shaped steel is          excellent in
toughness in the Z-direction at the flange thickness center. 25
Another object of the present invention is to provide a process for making
the          heavy-wall H-shaped steel.                  In order to
achieve the aforementioned object, it is important to reduce the S
content and to add Al, V, N and Ti in appropriate amounts. In the
conventional          materials, the amount of precipitated VN is decreased
as the S content is decreased, so 30     that it has been impossible to
achieve a full microstructure refinement effect of VN.
4  



Based on this fact, the present inventors carried out various experiments
and studies            with respect to achieving a microstructure refining
effect by VN even when reducing            the S content, and achieved the
following findings:                   (1) Austenite grain refinement
increases the grain boundary area which is a   5       precipitation site
of VN, and accelerates precipitation of VN effective for
microstructure refinement. Austenite grain refinement is accomplished by
addition of            Ti in an appropriate amount and rolling in the
recrystallization region.                   (2) TiN dispersed in the steel
serves as a precipitation site of VN, thereby           accelerating
precipitation of VN. The effect of accelerating precipitation of VN is  10
particularly remarkable for fine TiN having a grain size of up to about 50
nm. The           effect is less remarkable for coarse TiN having a grain
size of above about 100 nm. It           is therefore desirable to have an
average TiN grain size of up to about 50 nm, and to           distribute as
many as fine TiN grains as possible.                   (3) Adding Al in
appropriate amounts is effective to many fine TiN grains. 15
(4) The above-mentioned effects (1), (2) and (3) are achieved by keeping an
appropriate balance of the amounts of added V, N, S, Ti and Al thus giving
a           heavy-wall H-shaped steel satisfactory in strength, toughness,
weldability and seismic           resistance.                   The present
invention was developed on the basis of the findings as described 20
above, and the heavy-wall H-shaped steel according to embodiments of the
invention           excellent in toughness at the flange thickness center
and having a yield strength of at           least about 325 Mpa has a
composition comprising:                  C: from about 0.05 to about 0.15
wt%,                  Si: up to about 0.60 wt%, 25               Mn: from
about 1.00 to about 1.80 wt%,                  P: up to about 0.020 wt%,
S: less than 0.04 wt%,                  Al: from 0.0 16 to 0.050 wt%,
V:from 0.04to 0.15 wt%, 30               N: from 0.0070 to 0.0200 wt%,
and further comprising one or more elements selected from:     



5                  Cu: from about 0.020 to about 0.60 wt%,
Ni: from about 0.02 to about 0.60 wt%,                  Cr: from about 0.02
to about 0.50 wt%,                  Mo: from about 0.01 to about 0.20 wt%,
and   5     the balance being Fe and incidental impurities.
Also, the V content and the N content are within ranges satisfying the
following formula (1); the Ti content is within a range satisfying the
following           formula (2); and the carbon equivalent (Ceq) as defined
by the following formula (3)           is within a range of from about 0.36
wt% to about 0.45 wt%: 10           (V x N)/S  [err] 0.150
.......... ....... (1)                  0.002[err]Ti[err]
1.38xN-8.59x10[err]                            ............  (2)
Ceq = C + Si/24 + Mn/6 + Ni/40 + Cr/5 + Mo/4 + V/14  ................. (3)
In the present invention, the steel may comprise one or two of from about
0.0010           to about 0.0200 wt% REM and from about 0.0005 to about
0.0100 wt% Ca and/or 15     from about 0.0001 to about 0.0020 wt% B. "REM"
represents rare earth metals. REM          are lanthanide element metals,
such as La, Ce, Pr and so on.                              BRIEF
DESCRIPTION OF THE DRAWINGS                  The drawing figure is a graph
illustrating relationships between Charpy          absorbed energy vE[err]
in the Z-direction and ferrite grain size versus (V x N)/S 20     achieved
by changing the V or N content at a constant S content in the steel.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS                  The
heavy-wall H-shaped steel according to embodiments of the present
invention has properties including a yield strength (YS) at the flange
thickness center          of at least about 325 MPa, a yield ratio (YR) of
up to about 80%, and a Charpy 25     absorbed energy at 0C (vE[err]) of at
least about 100 J.                 A YS of less than about 325 MPa results
in a strength insufficient for use as a 



pillar material, and a YR of about 80% results in a problem of a lower
seismic          resistance. A vE[err] value of less than about 100 J
relates to a tendency of easy          occurrence of brittle fracture.
6                   The reasons for selecting the chemical composition of
the heavy-wall           H-shaped steel of the invention will now be
described.           C: from about 0.05 to about 0.18 wt%
For a higher strength, C should be at least about 0.05 wt%. A C content of
5       above about 0.18 wt%, however, results in a decrease in toughness
and weldability of           the base metal. The C content should therefore
be within a range of from about 0.05           to about 0.18 wt%, and
preferably, from about 0.08 to about 0.16 wt%.           Si: up to about
0.60 wt%                  While Si is an element effective for increasing
strength, a Si content of above 10     about 0.60 wt% corresponds to a
serious decrease in the toughness of a weld heat           affected zone
(hereinafter referred to as "HAZ toughness"). The Si content should
therefore be limited to up to about 0.60 wt%. A Si content of less than
about 0.10           wt% gives only a slight effect of increasing strength.
The Si content should therefore           preferably be within a range of
from about 0.10 to about 0.60 wt%. 15       Mn: from about 1.00 to about
1.80 wt%                  Mn is an element that is effective for achieving
a higher strength. A lower          limit of about 1.00 wt% is desired to
ensure a satisfactory strength. With an Mn          content of above about
1.80 wt%, however, the microstructure air-cooled after rolling
transforms from ferrite + pearlite to ferrite + bainite, resulting in a
poorer toughness. 20       An upper limit of about 1.80 wt% is provided.
The preferred range of the Mn content          is from about 1.20 to about
1.70 wt%. 



P: up to about 0.020 wt%                  The P content should be reduced
to a content as small as possible because P          causes a decrease in
toughness of the base metal, HAZ toughness and welding crack 25
resistance. An upper limit of about 0.020 wt% is therefore preferred in
this invention.          S: less than 0.004 wt%                  S has a
function of accelerating precipitation of VN and refining the
microstructure, but also causes a decrease in ductility and toughness
through          formation of MnS. Particularly, with an S content of above
0.004 wt%, MnS 30       elongated by rolling leads to a serious decrease in
toughness in the C and Z-directions.
7            The S content should therefore be limited to less than 0.004
wt%. An S addition of           less than or equal to 0.001 wt% is
preferred in this invention.           Al: from 0.016 to 0.050 wt%
Al is effective for deoxidation purposes. However, if the Al addition is
less  5       than 0.0 16 wt%, the deoxidation effect is insufficient and
Ti oxide is produced.           Consequently, the Ti addition effect, which
is described below, becomes insufficient.           Also, because an Al
content of above 0.050 wt% only leads to saturation of the
deoxidizing effect and provides substantially no additional deoxidizing
effect, an           upper limit of 0.050 wt% is preferred. 10       V:
from 0.04 to 0. 15 wt%                  V precipitates in the form of VN in
austenite during rolling or during cooling           after rolling, serves
as a ferrite nucleation site, and refines the crystal grains. V plays
an important role of increasing strength of the base metal through the
intensification           of precipitation, and is indispensable for
ensuring satisfactory strength and toughness 



15       of the base metal. In order to achieve these effects, the V
content should be at least           0.04 wt%. A V content of above 0.15
wt% leads, however, to serious deterioration of           toughness and
weldability of the base metal. The V content is therefore limited within
a range of from 0.04 to 0.15 wt%, and is preferably from 0.05 to 0.12 wt%.
N: from 0.0070 to 0.0200 wt% 20               N, when combined with V,
improves strength and toughness of the base metal           in the form of
VN. To achieve these effects, the N content should be at least 0.0070
wt%. With an N content of above 0.0200 wt%, toughness and weldability of
the base           metal are seriously reduced. The N content should
therefore be limited within a range           of from 0.0070 to 0.0200 wt%,
and preferably, from 0.0070 to 0.0160 wt%. 25      One or more of: Cu: from
about 0.020 to about 0.60 wt%: Ni: from about 0.02 to           about 0.60
wt%; Cr: from about 0.02 to about 0.50 wt%; and Mo: from about 0.01 to
about 0.20 wt%                  Cu, Ni, Cr and Mo are all elements
effective for improving hardenability, and           are therefore added
for increasing strength. For this purpose, the amounts of Cu, Ni, 30
Cr and Mo should be at least about 0.02 wt%, at least about 0.02 wt%, at
least about          0.02 wt% and at least about 0.01 wt%, respectively. To
compensate deterioration of
8            hot-workability caused by Cu, it is desirable to add Ni
simultaneously. For the           purpose of compensating the decrease in
hot workability due to Cu, the Ni content           should be substantially
equal to the Cu content. However, because a Ni content of           above
about 0.60 wt% results in a very high cost, upper limits of Cu and Ni of
about  5       0.60 wt% are preferred. Cr and Mo contents of above about
0.50 wt% and about 0.20           wt%, respectively, impair weldability and
toughness. Accordingly, upper limits of           about 0.50 wt% and about
0.20 wt% are therefore preferred for Cr and Mo, 



respectively.           (V x N)/S [err] 0.150 ..... (1) 10               In
order to improve toughness in the Z-direction, it is necessary to adopt a
larger value of V x N to increase the value amount of VN precipitation
simultaneously           with the above-mentioned reduction of S and the
addition of Ti described below. As           shown in the drawing figure,
when the S content is large or the value of V x N is small           with a
value of (V x N)/S of less than 0.150, the ferrite refining effect brought
about 15       by the increase in the amount of impurities such as MnS or
by the precipitated VN is           insufficient to obtain an excellent
Z-direction toughness. A lower limit of (V x N)/S           of 0.150 is
therefore preferred.                  The drawing figure also shows the
changes in the Z-direction Charpy absorbed           energy (lower curve)
and the ferrite grain size (upper curve) with various values of 20      (V
x N)/S obtained by changing the amount of added V or N at a constant S
content.           This graph suggests that, as (V x N)/S increases, the
ferrite grain size becomes finer,           and Z-direction toughness is
improved. In the conventional materials having an S           content of at
least 0.004 wt%, while refinement of ferrite grains has been achieved, the
Z-direction toughness has not been satisfactory. In this invention, ferrite
refinement 25      on a level of a high-S steel is achieved and
simultaneously a Z-direction absorbed           energy of at least about
100 J is obtained by adding Al and Ti in an appropriate           amount
and using a (V x N)/S value of at least 0.150 wt% to make full use of the
aforementioned effects (1) to (4).           0.002 [err] Ti [err] 1.38 x N
- 8.59 x 10[err] ...... (2) 30               Ti is finely dispersed as
stable TiN even at a high temperature, inhibits          austenite grain
growth during heating before rolling, and refines ferrite grain size after
9 



rolling, thereby permitting achievement of high strength and toughness.
With Ti, it is            also possible to inhibit austenite grain growth
even during welding heating, achieve            refinement even in the
welding heat affected zone, and obtain an excellent HAZ
toughness. Further in the present invention, Ti is an essential element for
accelerating   5       VN precipitation, and when reducing S having an
effect of accelerating VN           precipitation, indispensable for
obtaining a fine grain microstructure through           achievement of VN
precipitation in a sufficient amount. In order to ensure full
achievement of these effects, it is necessary to add Ti in an amount of at
least about           0.002 wt%. With a Ti content of over (1.38 x N - 8.59
x 10][err]) wt%, however, an  10     increase of coarse TiN grains reduces
the effect of accelerating VN precipitation, and           the N content in
steel for forming VN becomes insufficient, thus making it impossible
to obtain a sufficient fine grain microstructure. The Ti content should
therefore be           limited within a range satisfactory the formula (2).
Ceq: from about 0.36 to about 0.45 wt% as defined by the formula (3) 15
Ceq (wt%) = C + Si/24 + Mn/6 + Ni/40 + Cr/5 + Mo/4 + V/14 ... (3)
A value of the carbon equivalent (Ceq) of above about 0.45 wt% results in a
decrease in welding crack sensitivity, and at the same time, to a decrease
in HAZ           toughness. A value of Ceq of less than about 0.36 wt%, on
the other hand, makes it           difficult to ensure a satisfactory
strength in the base metal and in the HAZ softened 20       part. By
maintaining Ceq within this range, weldability of the steel is adjusted
within           the most appropriate range, and the ferrite nucleation
function by VN can be more           easily displayed. The value of Ceq
should therefore preferably be within a range of           from about 0.36
to about 0.45 wt%.           One or more of from about 0.0010 to about
0.0200 wt% REM and from about 0.0005 25     to about 0.0100 wt% Ca
REM or Ca is finely dispersed as stable inclusions (oxide, sulfide) even at
high          temperatures, inhibits growth of austenite grains during
heating before rolling, and          refines ferrite grains after rolling,
thus ensuring high strength and toughness. REM or          Ca inhibits
growth of austenite grains also during welding heating, can achieve 30
refinement even in the welding HAZ, and gives an excellent HAZ toughness.
In order          to achieve these effects, the content of REM or Ca should
be at least about 0.0010    



10            wt% or about 0.0005 wt%, respectively. A content of above
about 0.0200 wt% or           about 0.0100 wt%, respectively, leads to a
decrease in cleanliness and toughness of           the steel. The amounts
of added REM and Ca should therefore be within ranges of           from
about 0.0010 to about 0.0200 wt%, and from about 0.0005 to about 0.0100
wt%,  5       respectively.           B: from about 0.0001 to about 0.0020
wt%                   B is precipitated during rolling or subsequent
cooling in the form of BN and           refines ferrite grains after
rolling, and this effect is available with a B content of at
least about 0.0001 wt%. However, because a B content of above about 0.0020
wt% 10     results in a decreased toughness, the B content is preferably
limited within a range of           from about 0.0001 to about 0.0020 wt%.
The heavy-wall H-shaped steel of the invention should preferably be
manufactured by a process comprising the steps of heating the bloom having
the           aforementioned composition to a temperature of from about
1,050[err]C to about 15      1,350[err]C, conducting rolling at a
temperature within a range of from about 1,100[err]C to           about
950[err]C under conditions including a reduction per pass of from about 5%
to           about 10% and a total reduction of at least about 20%, and
then air-cooling the rolled           steel to the room temperature or,
after slow cooling - high temperature stoppage of           cooling,
air-cooling the steel. As a result, it is possible to convert the
microstructure 20      of the heavy-wall H-shaped steel into a ferrite +
pearlite structure or to a ferrite-           pearlite-bainite structure
(ferrite area ratio: from about 50% to about 90%) and impart
stably the properties as above described to the heavy-wall H-shaped steel.
The preferable rolling and cooling conditions are adopted for the following
reasons: 25      Heating temperature: from about 1,050 to about 1.350[err]C
At a heating temperature of hot rolling (rolling heating temperature) of
less           than about 1,050C, the bloom has a high deformation
resistance and a very high 



rolling load that makes it difficult to obtain a prescribed geometry. When
heating to a           temperature of about 1,350[err]C, on the other hand,
grains of the bloom grow too much, 30      and it is difficult to refine
the grains even by subsequent rolling. The rolling heating
temperature should therefore preferably be within a range of from about
1,050[err]C to           about 1,350[err]C.           Rolling temperature
and reduction: a reduction per pass of from 5% to 10% and a total
reduction of at least about 20% within a temperature range of from about
1,100 to  5       about 950[err]C                   In order to achieve
remarkable refinement, it is desirable to combine           refinement by
rolling in addition to the grain refining effect of VN. More specifically,
within a temperature range of from about 1,100[err]C to about 950[err]C,
the flange is           reduced with a reduction per pass of from about 5%
to about 10% and a total 10     reduction of at least about 20%. That is,
recrystallization refinement is achieved by           repeating reduction
with a reduction per pass of from about 5% to 10% necessary for
partial recrystallization, and applying an amount of fabrication as
represented by a           total reduction of at least 20%, and this also
permits acceleration of VN precipitation.           The largest possible
reduction per pass would be desirable in terms of recrystallization 15
refinement. This would lead, however, to the drawbacks of an increased
deformation           resistance and a decreased geometric accuracy. It is
therefore desirable to use a small-           reduction rolling range of
from about 5% to about 10%. When any of the rolling           temperature,
the reduction per pass and the total reduction is out of the
aforementioned range, the VN refinement is not completely satisfactory. 20
Cooling after rolling: air-cooling to room temperature, or air-cooling to
room           temperature after slow cooling - high temperature stoppage
of cooling 



Cooling to the room temperature after rolling prevents dispersions in
strength           and toughness and the occurrence of distortion. When a
high strength is to be           obtained with a low Ceq, or when the
flange thickness is large, the rolled steel may be 25      cooled by water
cooling or the like to pass through the high-temperature region after
rolling at a higher cooling rate than by air cooling, and then may be air
cooled at a           lower cooling rate, as is known as "slow cooling -
high temperature stoppage of           cooling". This "slow cooling - high
temperature stoppage of cooling" means a process           of cooling
carried out under conditions including a cooling rate of from about
0.2[err]C/s 30     to 2.0[err]C/s and a cooling stoppage temperature of
from about 700[err]C to about 550[err]C.           At a cooling rate of
less than about 0.2[err]C/s, it is difficult to ensure a prescribed
12            strength. At a cooling rate of above about 2.0C/s, the
microstructure become a           bainite structure, thus leading to a
lower toughness. The cooling rate in slow cooling           should
therefore preferably be within a range of from about 0.2[err]C/s to about
2.0[err]C/s.           From the point of view of uniformity throughout the
thickness, this range should more  5       preferably be from about 0.2C/s
to 1.5[err]C/s. Further, a cooling stoppage temperature           of above
about 700[err]C eliminates the effect of accelerated cooling, and a
temperature           of less than about 550[err]C tends to result in a
bainite microstructure with a lower           toughness. The cooling
stoppage temperature after slow cooling should therefore
preferably be within a range of from about 700[err]C to about 550[err]C. 10
Examples                  Steels A to V having a chemical composition and
Ceq value as shown in Table           1 were heated to a temperature of
from 1,120[err]C to 1,320 [err]C, and rolled and cooled           under
various conditions as shown in Tables 2 to 5 to manufacture heavy-wall H-
shaped steels having a flange thickness of from 60 to 100 mm. JIS No. 4
tensile test 



15     pieces and JIS No. 4 impact test pieces were sampled from each of
the heavy-wall H-           shaped steels at 1/4 flange width or 3/4 flange
width, in L, C and Z directions from the           flange thickness center
(1/2t) and only in the L-direction from a position at a depth of
10 mm from the flange surface. These test pieces were tested for mechanical
properties. The results are shown in Tables 2 to 5. 20               As is
clear from the test results shown in Tables 2 to 5, the heavy-wall H-
shaped steels having a Ceq value within the scope of the invention are more
excellent          in toughness in L, C and Z-directions, as represented by
a vEo value of at least 100 J,          and only a small difference in
toughness between the L and C-directions. The          examples of the
invention demonstrated only a slight difference in strength between 25
the surface portion and the thickness center, exhibited a high strength in
YS of at least          325 MPa, and also a YR of up to 80%. Under rolling
and cooling conditions within          the aforementioned suitable ranges,
particularly excellent strength and toughness were          obtained.
Heavy-wall H-shaped steels L to V of the comparative examples having Ceq 30
values, an N content, a V content, (V x N)/S values, Ti content, S content
and Al          content all outside the scope of the invention demonstrated
a low vEo in general.
13            Some of the comparative examples exhibited a high YR of over
80% and some other           comparative examples showed only a poor
strength. For example, the value of           (V x N)/S was as low as less
than 0.150 wt% in steel Q because of a high S content, in           steel R
because of a low V content, and in steel T because of a low N content, and
5       with a low toughness in the C-direction and Z-direction in all of
these examples. In           steel N, in which the V, N and S contents were
within the scope of the invention, the 



value of (V x N)/S was less than 0.150 wt%, structure refinement and
reduction of           inclusions were insufficient, and toughness in the
C-direction and the Z-direction were           not improved. In steel O,
the effect of VN was not available because of the Ti content 10       of
above the upper limit defined by the formula (2), with a low strength and
an           unsatisfactory toughness in the Z-direction. In steel S,
because of a low Al content, the           effect of adding VN was
insufficient, and toughness was not improved.                  For the
purpose of evaluating welding crack sensitivity, a y-type welding
cracking test as specified in JIS Z 3158 was carried out. The test was
carried out by 15     cutting 50 mm thick x 200 mm long x 150 mm wide test
pieces from the flanges of           Steels A, D and H of the invention,
and steels L and N of the comparative examples,           using a covered
electrode for high-strength steel under conditions including a welding
current of 170 A, a welding voltage of 24 V, a welding speed of 150 mm/min,
and a           welding preheating temperature of 50[err]C. As a result,
cracks were produced in steels 20       L and N representing comparative
examples, and no cracking occurred in steels A, D          and H,
representing examples of the invention.        [err]             
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[err]                                                   19  dispersion in
strength in the thickness direction, excellent impact toughness at the
flange thickness center and weldability, so far difficult to manufacture.
The steel is suitable for use in structural members such as pillars, beams
and the like for building structures. This invention has been described in
connection with preferred embodiments. However, it should be understood
that there is no intent to limit this invention to the embodiments
described above. On the contrary, the intent is to cover all alternatives,
modifications, and equivalents as may be included within the spirit and
scope of the invention. Thus, it should be appreciated that various other
modifications and changes may occur to those skilled in the art without
departing from the spirit and scope of this invention.
20  



CLAIMS:       1. A heavy-wall H-shaped steel excellent in strength,
toughness and earthquake resistance, comprising:         C : from about
0.05 to about 0.18 wt%,         Si: up to about 0.60 wt%,         Mn: from
about 1.00 wt% to about 1.80 wt%,         P : up to about 0.020 wt%,
S: less than 0.004 wt%,         Al:from 0.016wtto 0.050 wt%,         V:
from 0.04 wt% to 0.15 wt%,         N : from 0.0070 wt% to 0.0200 wt%;
one or two elements selected from the group consisting of:         Cu: from
about 0.02 wt% to about 0.60 wt%,         Ni: from about 0.02 wt% to about
0.60 wt%,         Cr: from about 0.02 wt% to about 0.50 wt%, and
Mo: from about 0.01 wt% to about 0.20 wt%, and         the balance being Fe
and incidental impurities,         where the V content and the N content
are within ranges satisfying the following formula (1);        a Ti content
is within a range satisfying the following formula (2); and        the
carbon equivalent (Ceq) is defined by the following formula (3) and is
within a range of from about 0.36 wt% to about 0.45 wt%:        (V x N)/S
[err] 0.150                                          .....................
(1)        0.002 [err] Ti[err] 1.38 x N - 8.59 x 10[err]
..................... (2)        Ceq = C + Si/24 + Mn/6 + Ni/40 + Cr/5 +
Mo/4 + V/14   ..................... (3)        wherein, the Charpy absorbed
energy at a temperature of 0[err]C in L, C and Z-directions at the flange
thickness center is at least about 100 J; and        the yield strength is
at least about 325 MPa.      2. A heavy-wall H-shaped steel according to
claim 1, comprising a microstructure including ferrite + pearlite or
ferrite + pearlite + bainite, wherein the ferrite grain size  



21  as determined by JIS G0552 is at least No. 6, and the area ratio of
ferrite is from at least about 50% to about 90%.      3. A heavy-wall
H-shaped steel according to claim 1, further comprising at least one of
from about 0.0010 wt% to about 0.0200 wt% REM and from about 0.0005 wt% to
about 0.0 100 wt% Ca.      4. A heavy-wall H-shaped steel according to
claim 1, further comprising from about 0.0001 wt% to about 0.0020 wt% B.
5. A heavy-wall H-shaped steel according to claim 1, further comprising at
least one of from about 0.0010 wt% to about 0.0200 wt% REM and from about
0.0005 wt% to about 0.0100 wt% Ca, and from about 0.0001 wt% to 0.0020 wt%
B.      6. A heavy-wall H-shaped steel according to claim 1, being
characterized as having a yield ratio of less than about 80%.      7. A
heavy-wall H-shaped steel according to claim 1, further comprising:
C : from about 0.08 wt% to about 0.18 wt%,        Si: from about 0.10 wt%
to about 0.60 wt%,        Mn: from about 1.20 wt% to about 1.70 wt%,
P : less than about 0.020 wt%, 



S : less than or equal to 0.001 wt%,        Al: from 0.0 16 wt% to 0.050
wt%,        V:from 0.05 wt% to 0.12 wt%,        N:from 0.0070 wt% to 0.0160
wt%;        one or two elements selected from the group consisting of:
Cu: from at least about 0.02 wt% to about 0.60 wt%,        Ni: from at
least about 0.02 wt% to about 0.60 wt%        Cr: from at least about 0.02
wt% to about 0.50 wt%,        Mo: from at least about 0.01 wt% to about
0.20 wt%, and        the balance being Fe and incidental impurities.
22      8. A beam comprising a heavy-wall H-shaped steel according to claim
1.       9. A pillar comprising a heavy-wall H-shaped steel according to
claim 1.       10. A heavy-wall H-shaped steel characterized as having a
Charpy absorbed energy at 0[err]C in L, C and Z-directions at a flange
thickness center of at least about 100 J, and having a yield strength of at
least about 325 Mpa.      11. A heavy-wall H-shaped steel according to
claim 10, being further characterized as having a yield ratio of less than
about 80%.      12. A heavy-wall H-shaped steel according to claim 10,
comprising a 



microstructure including ferrite + pearlite or ferrite + pearlite +
bainite, wherein the ferrite grain size as determined by JIS G0552 is at
least No. 6 and the area ratio of ferrite is from at least about 50% to
about 90%.      13. A beam comprising a heavy-wall H-shaped steel according
to claim 10.      14. A pillar comprising a heavy-wall H-shaped steel
according to claim 10.      15. A process for making a heavy-wall H-shaped
steel excellent in strength, toughness and earthquake resistance,
comprising:        heating a steel bloom comprising:               C: from
about 0.05 wt% to about 0.18 wt%,               Si: up to about 0.60 wt%,
Mn: from about 1.00 wt% to about 1.80 wt%,               P : up to about
0.020 wt%,               S: less than 0.004 wt%,               Al: from 0.0
16 wt% to 0.050 wt%,               V: from 0.04 wt% to 0.15 wt%,
N: from 0.0070 wt% to 0.0200 wt%;               one or two elements
selected from the group consisting of:               Cu: from about 0.02
wt% to about 0.60 wt%,
23                 Ni: from about 0.02 wt% to about 0.60 wt%, 



Cr: from about 0.02 wt% to about 0.50 wt%,                Mo: from about
0.01 wt% to about 0.20 wt%, and                the balance being Fe and
incidental impurities;                where the V content and the N content
are within ranges satisfying the following formula (1);                a Ti
content is within a range satisfying the following formula (2); and
the carbon equivalent (Ceq) as defined by the following formula (3) is
within a range of from about 0.36 wt% to about 0.45 wt%:                (V
x N)/S [err] 0.150                                       .......... (1)
0.002 [err] Ti [err] 1.38 x N - 8.59 x 10[err]              .......... (2)
Ceq = C + Si/24 + Mn/6 + Ni/40 + Cr/5 + Mo4 + V/14 ....... (3);
heating the bloom;        rolling the bloom; and        cooling the rolled
bloom to produce the heavy-wall H-shaped steel;        wherein the
heavy-wall H-shaped steel is characterized as having a Charpy absorbed
energy at 0[err]C in L, C and Z-directions at a flange thickness center of
at least 100 J, and a yield strength of at least about 325 Mpa.      16. A
process for making a heavy-wall H-shaped steel according to claim 15,
wherein:        the heating comprises heating the bloom to a temperature of
from about 1,050[err]C to about 1,350[err]C;        the rolling comprises
rolling the bloom at a temperature of from about 1,100[err]C to about
950[err]C, a reduction per pass of from about 5% to about 10% and a total
reduction of at least about 20%; and        the cooling comprises cooling
the rolled bloom by air-cooling to room temperature, or slow cooling - high
temperature stoppage of cooling followed by air- cooling to room
temperature.      17. A process for making a heavy-wall H-shaped steel
according to claim 15, wherein the heavy-wall H-shaped steel comprises a
microstructure including ferrite + pearlite or ferrite + pearlite +
bainite, wherein the ferrite grain size as determined by  



24  JIS G0552 is at least No. 6, and the area ratio of ferrite is from at
least about 50% to about 90%.      18. A process for making a heavy-wall
H-shaped steel according to claim 15, wherein the bloom further comprises
at least one of from about 0.0010 wt% to about 0.0200 wt% REM and from
about 0.0005 wt% to about 0.0100 wt% Ca.      19. A process for making a
heavy-wall H-shaped steel according to claim 15, wherein the bloom further
comprises from about 0.0001 wt% to about 0.0020 wt% B.     20. A process
for making a heavy-wall H-shaped steel according to claim 15, wherein the
bloom further comprises at least one of from about 0.0010 wt% to about
0.0200 wt% REM and from about 0.0005vwt% to about 0.0100 wt% Ca, and from
about 0.0001 wt% to about 0.0020 wt% B.    


