1. ) HEAVY- WALL H SHAPED STEEL HAVI NG H GH TOUGHNESS AND

YI LD STRENGTH AND PROCESS FOR MAKI NG STEEL STRENGTH

BACKGROUND OF THE | NVENTI ON 1. Field of Invention 5

iahe present invention relates to a heavy-wall H shaped steel excellent in

t oughness and yield strength (abbreviated as "YS", yield point or proof
stress) "whi ch Is suitable for use in structural nenbers such as
pillars, beans and the like for a figh-rise building. The present
i nvention further relates to a process of making the steel. 10

|n the present |nvemApS.wiAlg, Hes mﬂmmem%agﬁ'mn
means wei ght per cegiRas EE
direction; the t#ﬁﬁ%ipilon 'S a $%§?48%3§érp rcular to'the
rolling direction and the thickness direction; and the
"Z-direction" is the thickness dlrectlon 2. Description of
Rel ated Art 15 BACGKGRE Dag b INVIRINEIQINe popul arly used
for pillars and beans for bU|Id|ngs For an Hshaped steel, SMA90
steel, SMb20 steel or SMb70 st eel (specified in JIS G 3106 as a
roll ed steel prductFitRrofiabéigidnstructure) are wdely used.

H shaped steels are directed toward a | arger thickness and a hi gher

strength,S Thmg‘eﬁm inviention refatestoyn hmvnwaﬂl&ﬁﬁganedmehe@eaenten

hei ghts and | ar sca For h€a an ed S
required to ha' &“ %Q%S%?ldlsgﬁggthﬁ%b%éag? r’é"e prﬁptﬁgf%‘i@,ch at
! easﬁt 355 MPa, jasiitabldifor e th dtrifdturf metAbdre sedlas pﬂlﬁs,abeﬁmg Band BeAIRTFa

' 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 stéel 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 thlckness 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



These properties are expressed by the follow ng fornul a:
Yield ratio(YR) = Yield strength(YS)/tensile strength(TS)
However, an increase in thickness of a steel product generally tends to

al so 25 | ead to a decrease in its strength. In an H shaped steel having
a'flange thickness of at least 40 nm it is difficult to achieve a
hi gh strength as represented by a YS of at |east 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

I ncrease the c
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known to ensure sa |sfactory strength t oughness and vve dabiTity in
heavy- wal | dlﬂicultymcﬂtmpmgamgeﬂactoﬁotouMI e, Japanese Exam ned Patent
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range of from Hashaped steel] For example, Jaq)amtﬁiaanﬁﬁemwﬁimﬂyhbmdnﬁéo N36-35734

transformati on pojnt, and then air-cooling the steel
di%closes 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,
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°C to the Ar, 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 é.nd 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 wit%) 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



thereby formng a fine, |lowtenperature-transfornmed m crostructure.

Japanese Exam ned Patent Publication No. 58-10422 discloses a
manuf act uri ng nmet hod of a hi gh-strength steel excellent in

wor kability that includes the steps of, after heating, 20 applying a
rolling . reduction of at |east 30% at a tenperature at |east within the
range of from980[err]Cto the Ar[err] transformation point to
cause precipitation of ferrite, and rapi dly cooling such that the
resultant steel has a ferrite-martensite dual - phase conposite

m crostructure. 4. . | s ' r,
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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.



creating inner-grain ferrite by dispersing conposite inclusions conposed of

Al ,-Ti, 10 Mh or Si conposite oxides, WMhS and VN. In this technique,
however, it is sonetines difficult to disperse oxide particles
finely and uniformy. Consequently, the grain refinement is
sonmetinmes insufficient. Accordingly, it is difficult to inprove toughness
in the Z-direction. When a bending strain is applied to a
beam of a building structure by an 15 art hquake or a like

hi gh-energy event, stress concentrates in the Z-direction at a
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4 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 0.016 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:



Based on this fact, the present inventors carried out various experinents

and studies Wi th respect to achieving a mcrostructure refining
ef fect by VN even when reducing the S content, and achieved the
foll ow ng findings: (1) Austenite grain refinenent

I ncreases the grain boundary area whichis a 5 precipitation site

of VN, and accel erates precipitation of VN effective for
m crostructure refinement. Austenite grain refinenment is acconplished by

addi tion of Ti in an appropriate amwount and rolling in the
recrystallization region. %4/2 Ti N di spersed in the steel
serves as a precipi tg'.lt‘ﬁ' grﬁms?lfoéltgfozgﬁ? abey O w}%, accel erating

preci pi tation of VN Nihgomfdbeat 0.05 te65elt /6 wig, Precipitation of WNis 10
particularly remarkable for fine TiN having a grain size of up to about 50

nm The ef Cacfromsabbut@ 02 torabdud 0150 Wish, coarse Ti N having a grain
si ze of above about 0 th?%;1 re desirable to have an
t

h .
average Ti N grain si '(;:Jf]onr?&ﬁ{’?‘& Oa%{&abggthﬁpvg distribute as

meny as fine Ti ileMabinks beifg PRl & dental impurities, ~ (3) Adding Al in
appropriate anmounts is effgctlve to many fine sI‘| N grains. 15
(4) The above- nent i oAdsb, dfef Ecoateftiand the N eonter(taye withirnahgessatisfpingkhepi ng an

appropriate bal e.of .the aunts. of added.y, N, S, Ti and Al thus giving
a h ea@@fo\m% fommuja, & tsré gpntentis é’f‘gﬁfﬂ 8 F@“ﬂeﬁagﬁfs@ﬂé@%foqom ness,

wel dabi l ity andfsghiip ' ﬁ‘t}:@% . esent
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above, and the isewithinaaidgetofSroap abowt0c36 wekeao aboutd.4owebodi nents of the

i nvention xcel | ent 1in toughness at the flange thickness center

and havi |1|B a yield st¥EMNHhz2Hh154% | east about 325 Moa has..a... (1)

conposi tion conpri si Rg; : . ~4f rom about 0.05 to about 0.1
W % 0802 < T 13828589 ’égowt % 25 M=F10

about 1.00 to about Ce@® QwW-%i/24 +Mn/6 + Ni/40 + Cr/5R M4 trovaout 0. 020wt % (3)

-----------------

S: less than 0.04 w % ) ) Al: from0.0 16 to 0.050 w %
V: from 0. 04t o 0. 115 the psesemt invention, the steel mgy cpmpnis® onTOtwooffr@a @bowtt029010

and further congrabsl oSt RENGnd'S18 Bbourt0dt5 S Lobtict100 wtt 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.
FD F RA
The drawing figure is a graph illustrating relationships between Charpy
absorbed energy VE, 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.

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 0°C (VE,) 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, value of less than about 100 J relates to a tendency of easy

occurrence of brittle fracture.



5. ' Cu: from about 0.020 to about 0.60 wt %

Ni: from about 0.02 to about 0.60 w % Cr: from about 0.02
teo about 0.50 wt % Mb: from about 0.01 to about 0.20 wt %
and 5. t he bal ance being Fe and incidental inpurities.

Al'so, the V content and the N content are within ranges satisfying the
following formula (1); the Ti content is within a range satisfying the

fol |l owi ng formula (2); and the cardon equivalent (Ceq) as defined

by the followi ng formula (3) is within a range of from about 0.36
W% to about 0.45 Wt e tédsons for selechnéﬁm@%&%%l @FE# itiOn %F@le heavy-wall

1. 38xN- 8. 59x10[ Hnsh]aped steel of the invention will now be described.. . . . . .. (2)

Ceq = C+SI/24+I\/h/+N|/40+Cr/5+°|\/b/4+v/14
In the present QP:209 10 ghas ! ,

8 88(1)8 wt % Ca and/orﬁw&gﬂer%g%oumgggie%& gwbg% O%éé%’n%%?HgEM
represent§ rar eatpwetaboure). B8 wt%idwever, results ifa deéraiﬂehﬁm@nﬁsaﬁﬂ Neld%ilﬂ:& of

such as La, Ce, Pr and so on.
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il Tustrating relationg %tﬁ\g fkr%glg,rfpé'maboutoOﬁva%%%ﬁ.igiﬁwrgy VE[err]

in the Z-direction and err i'zZe" Ver sus achi eved
by changi-ng t hegSiyupto Absud IOt a constant S content in the steel

DETAI LED DESCRI PTI ON_OF PREFERRED EMBCODI MENTS

heavy-wal | H shaped %thile|Siigzane mn@tqf&c@vmﬁmmwmmg@ pSeg@tgntofabove

et oBo 25, PRSREGh Vi B 8o b RSO0t Wl R ARSE,
up to about So%ﬂ‘&ﬂﬂl Znb{ReréMaér referre@ﬂﬁﬁ reAl7, ¥ssaf. Tie Sidohfhf shoutd at
| east about 100 J S of less than about 325 MPa results
in a strength i thexefare b dimitet go upgte'abmlt 9 60 wt%. A Si content of less than about 0.10
wit% 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 1.0Q 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.



pillar material, and a YR of about 80% results in a problemof a | ower

seismc resi stance. A vE[err] value of |ess than about 100 J
relates to a tendency of easy occurrence of brittle fracture.

6 . The reasons for selecting the chem cal conposition of
t he heavy-wal | H shaped steel of the invention will now be
descri bed. C. from about 0.05 to about 0.18 w %

For a higher strength, C should be at |east pbout 0.05 wt% A C content of
5 above about 0.18 wt% however, results in a decrease in toughness

and wel dabilityrpfg ptent shogl(f t?i@rg?%g%e it to T&?ﬂ'ﬁnc@.ﬂbfg&%g % A)Qd(gﬂgﬁ gfore

be within a range of‘;0 rom abou to about

preferably, frokssthanor8qusstd 0.0abat%s i6 pidfervdédin this invention. Si: up to about
0.60 W % Wile Si is an element effective for increasing
strength, a Si > about 0.60 W % corresponds to a

serious decrease in LAl : 18 t . . ed. e
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transforg@fro ferri 4t lid,e to ferrite + bainite, resulting in a
poorer. t ghne&M%éer limt of about 1.80 wt%is provided.
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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
arange 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 re of: Cu: t 0,020 to about %; Ni: 2

ut 0 %; Cr: about 0.02 t 0.50 wt%; and Mo: from abou
t 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



P:. up to about 0.020 wm % The P content should be reduced
to a content as snall as possible because P causes a decrease in
t oughness of the base netal, HAZ toughness and wel ding crack 25

resi stance. An upper limt 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

m crostructure, but al so causes a decrease ign ductility and toughness

t hr ough formation of MiS. Particularly, with an S content of above
0.004 wt % H@@workaglhﬁflzﬁﬁgébféu?ﬁ i§ QbditaBf to&RAH NilsinfltARbhAYy SFAaRE €ase 1 n
toughness in the C an directfons.
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w% An S additjon t han or eq to 0.001 W% s
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iA\IeslsS g fect! V%J&raggﬁggw%%?lﬁw@gom dl(;{ita;l g@??% flm:hge?froldé%ﬁ!ﬂgl e and

Ti oxi deS| s pr 040ceth are preferred. CﬁamdsMmemd:ms of twveiabentd).50 wt%ahﬂabdiutm ch
i s described bel ow beconges, i nguffjc ecause, an
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d di f »
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from0.04 to OrespéctivtBa V precipitates in the form of VN I n
austenite during rolling or during cooling after rolling, serves
as a ferrite dﬁu&bli@dfﬁﬂag&d refines the crystal grains. V plays
o0 LPeARANG 191 of RSl B HBR e 28RERE, T Brd B g
ensuring sati sfaggsr Yadievf wam ﬁ& iBdadeHe YRS Smount 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).
002 <Ti<1.38xN- A
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



15 . of the base netal. In order to achieve these effects, the V
content ‘shoul d be at | east 0.04 wt% A V content of above 0.15
wt % |'eads, however, to serious deterioration of t oughness and
wel dabi l.ity of the base netal. The V content is therefore limted within
a range of from0.04 to 0.15 wt% and is preferably fromO0.05 to 0.12 W%
N: from0.0070 to 0.0200 wt % 20 N, when conbined with V,

i nproves strength and toughness of the base t al in-the form of
VN. To achieve these effects, the N content should be at |east 0.0070

w% Wth an N -@n-ﬁéi é&%fé 9 abi Li.t.y..0f .

the0 base (}Qﬂ%ﬁ,e”%gﬂ%%g?;gﬂfge” us 8// o eéeu%ftahg&g %}Eegliﬁ‘ %{%°§§we§ﬁ-owlﬁYTl’ 1t1s

therefore be |i risoqussiblefto inkibit angienite grain growttodveh idafing weldiA gh@atfﬂ)gga&ﬁew %
- CQu

and preferably, from0.0070, to 0.0160 wt % _ 25 One or nore of: . from
about 0.020 to et gYenindhe welding heat affested zongpandiobtain an excellens$IAZ 0. 60

w% Cr: froma&igthn 0 W00, M. _fron out Q.01 t .
Cbout 0. 20 o b Gttt %Me%%%ﬁgsﬁﬁ ,M&ﬁi‘%‘?fgﬂn‘/%/g%Féesegﬁr‘%l%@?'%?{’é%?’smeﬁfa“ﬂg
ef fective 5 or i ViV precipjtatian,cmdatdieni reucisg8 having an effectdfacédleragh® Vay added
for increasing strengt.h. ,F&rs this purpose, the anmounts of Cu, N, 30

Cr and M shoul @T95EPIRHONIR p%ab&ﬂox@mn&,afénegremgmcmmmcum at

| east about achieven?en@%g W/ fn%@ﬂaitgtriodl %Sgufﬁlggﬁ%targdu%{ Y Qael BREG el Y- TO

conpensate deterroration

8 hotehieveadit bf these offcots] itdy nédessary td &IdEiSin/adnfouin® o PaKdedNt aboyt
si nul t aneously. Far tpe . . purgose of conpensating the decrease I n
hot wor kabi | it y 0842 wtee. Withia Ei qqutens of ever (1.38 xN-8.59s>hwrgdw% lowesegahi al |y

Shoat 0ode"e, oy HSRASE B cod B B Eraind TERIBER effer R NofcltraBhg VN pregiitafipmand
b 5 A .
about the@0 cMﬁt%ﬁh%te@Iﬁﬁ%ﬁv\xﬂﬁggV@béﬁb?nWﬁm &ughﬁ‘?%g Iuﬁpgéyéible

0.50 wt % and about 0. 20 . \t % _respect I mpal r we and -
t oughness. Accotaibtainy suffigient finergrain mitrostructure. ThedFicohtefit Stbuld thepsforeiout

0.20 wt% are thpp ol Queml § Lot Sohiditiory th Fomits (2).
eq: a . % as e
15 Ceq (wt%) = C + 8i/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%.

ne or more of from abou 10 to about 0,02 % it
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



respectively. (Vx N/S[err] 0.150 ..... (1) 10 In
order to inprove toughness in the Z-direction, it is necessary to adopt a
| arger value of V x N to.increase the value anount of VN precipitation

si mul t aneously w th the above-nentioned reduction of S and the
addition of Ti described bel ow. As shown in the drawing figure,
when-the S content is large or the value of V x Nis snmall wth a
value of (V x N/S of less than 0.150, the t®rrite refining effect brought
about 15 by the increase in the amount of inpurities such as MS or

by the precipi tva¥e6or a8ut 6.0005 wt%, respédiiy fixémntwa@daxea&baumommei% ont
Z-directionto;ghness Alower Iimt of (V x of 0.150 is
therefore pref @petf).0100 wi%, respectlvely, leadsdo eldsmeaﬁg mr«‘@awéneawbi@nmsm‘r‘e

changes in the 4e char LY e)
and the ferri tégegrél ncrglleggm( ,pper %%flg%?fe&dt%ashopldot&g&? ict)l?a,\%ﬂg of’
X N)/'S obt ai nedrday albdia0g010 té BBorA T0200 vﬁ%,&d@ﬁdm\éwmmoamﬂ)&@ﬁﬁ@ e1go s%t%,

content. Thi s graph suggests that, as (V x N)/S increases, the
ferrite grain §¢SPéCtb@<bbrres finer, and Z-direction toughness is
I mproved. Int y ¥ ' hayi ng an S content of at

| east 0.004 wt % e grains has been achi eved, the

Z-direction toughne&lsslsfﬁsclﬁi%ted) %@llh@&%ﬁ@s’e&iueﬂt'&oél’iﬁgsmltﬁw%'d!"BNBﬁd“ te

refi nenent 25 on a | evel S steel is achieved and
si mul t aneous| y refines derride graing aﬁbsmlllm;l and this effect 1sea’verl§;1e withza B coutent oflad ut

and usi ng & (vigssgHeaf {TPHE wale. Fyeyi,bepite 32 aplis O dhave syt 400283 e
af or emenfyi oned rééfuft?fﬂ §déc¥éa)s&d’ tdughness, the B conten@m%‘@fefa% r%; Iy limited Withinla xéné@of( N

- 8.59 x 10[err] ...... ely disperse
st abl e Ti N evefroat about 0§01 MTMO@OEOM%IM bi ts austenite grain

gr owth during heati e %Lw?yr-\%a.{ | Illaggd st%& frtﬁf fnggxftu;nes Enl.lltdeprgfrerak)Py S ze after
manufactured by a process comprising the steps of heating the bloom having the
aforementioned composition to a temperature of from about 1,050°C to about
15 1,350°C, conducting rolling at a temperature within a range of from about 1,100°C to
about 950°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 eating t e: 1,350°
At a heating temperature of hot rolling (rolling heating temperature) of less
than about 1,050°C, 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°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



ralling, thereby permtting achievenent of high strength and toughness.
Wth Ti, it is al so possible to inhibit austenite grain growth
even during wel ding heating, achieve refinement even in the
wel di ng heat affected zone, and obtain an excellent HAZ

toughness. Further in the present invention, Ti is an essential elenent for

accel erating 5 VN precipitation, and when reducing S having an
ef fect of accelerating VN preci pilhtion, indispensable for
obtaining a fine grain mcrostructure through achi evenent of VN

precipitation idnperatutd shoukhtherefiore prefedablydsedwithine rangeloffrémlabout 1,050°C to
achi evenent of these effects It Is necessary to add Ti in an anpunt of at

| east about about 1,3505C002 wt % Wth a Ti content of over (1 38 x N- 8.59
x 10][err]) w . 1.NCLE ) ) 95, I £ S
X olterr D) M Konii bkt NG for GOAGTS Y095 A FLHES?
steel for formdatucidh BES ; it 20 : e of , R 1110

to obtain a sufficient f| ne gral n m crostructure The Ti content shoul d
thereforé be about950°Ciinited within a range satisfactory the fornula (2).

G0 L0 0% O i g e g
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decrease in welding crack sensitivity, thoe sane time, to a decr ease
in HAZ withiroy tgmpesaturexangg offrom aceur 100Gt auwah%b&;th«ﬂmeM% on
t he ot her hand

di f |
Strength i n tnEdRSLVitbeaspdugion e pits o ghd s A RuF10% spd 6
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W t hin he nost appropriate range, and the ferrite nucleation
functi on by Vl\lrapaatmgaredmtmn thhareductleapell passliof ﬁ'bayah(but %odﬁ%mcefsa@efqr

shoul d therefo ef er be Wit hi om ab
0 about 0. b R ecrsallitiog Aidiabp A e WA fahpisation BpiEORSEIERE

0. 0200 wt % RE'Vto%lC}eéﬁ %?Qtltga% g@g?ggﬁ%ls also&ﬁnﬁﬂ?bﬁc eragﬂoﬁ%f‘l'}f};’(‘r@ pitation.

REM or Ca is finely disperse e 1 ncldsions (0Xx even at
hi gh Thcrtmgest possxble redoctdor pergrasswvbulkdfbeadesirabie imtegnaoﬁrecdmtallmhon
heat i ng eforer I'1in refineg ferrjt raips aft rolljng,
t hus enggri ng Fﬁ geﬂ@}? W°Hmjlef“$d"§’ﬁi‘f?éf§% o%,\qﬁgw{)ac?cs% anmcg%as«?qiqiﬁ formation
growth of aust Blzﬁgﬂo .
refi nement eveﬁég%s%ﬁltc ﬁ ?8&E&Qgﬁg&n | ve aﬁ%g’?(% rg(rilit@ %Sﬁﬁg‘é“é

I n order reduction Mﬂing?z\aﬁgé bﬁ&emenbbacs% to abeutcl@Rs.eWhef fanjRoMheroliagshoul d

be at | east about 0.0010
temperature, the reduction per pass and the total reduction is out of the

aforementioned range, the VN refinement is not completely satisfactory.

20

Cooling to the room temperature afier 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°C/s

30 t0 2.0°C/s and a cooling stoppage temperature of from about 700°C to about 550°C.

At a cooling rate of less than about 0.2°C/s, it is difficult to ensure a prescribed



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
w% 5 respectively. B: from about 0.0001 to about 0.0020
wt % B is precipitated durildg rolling or subsequent
cooling in the formof BN and refines ferrite grains after

rolling, and thstrengthf ekita d¢ooliag aate abbhove dbbut?.6° C/snthe miicrostra¢ture become a

| east about 0.0001 wt% However, .because a B conte of above abqut 0.Q020
wt % 10 r espaiits srugte dhesleading &gfﬂwgé?u 55, 1 rfoafine e m@%rrcashpg

limted within . t O
The hoavy-wal | oS ags e pisferaply be SR RHA o Al ok 0 7P it 2 0-the”
manuf act ur ed byFrempthe peis of vigpr ofainifprinite tladegioud thelthimknesy, thizerahgeoshoubdmiony

th f ' d i ti t t f f bout
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950[ err] C under conditions I nc a reduction rom
to alufiéss 1R bt 550°C 'hds paesilt i kinitd miceesttucalre withDlgweand
then air-cooling the raolled steel t he room tenperature or,

after slow cooltPughnessiEhe Gookipg stoppags %P@ﬁﬁ?&gg er slow cooling shoyly thegpfore
Ir- [ th o i i io t th
i cr ost r uotur 6 ISgerebty bW FiRst of b boBERIISE 5. B8BUE! 110

pearlitel®tructExagmphes to a ferrite- pearlite-bainite structure
(ferrite area ratio:_ from about 50%to about 90% and inpart

stably the properti ¢¥eels Adoo¥ baving 8chemisal eorapusittaneand Ged Yalue asshosa intTable

Th f bl || d | i | Li ° d he .f ol ow
roasons: 25 1 el U n RrR R et R0 68 1 BREE Bd Bl e sl 2
At a heating t qiaef Hribu€ condifions ds¥hbiviiGn aBles Q%Sh@?&aﬁﬂﬂwﬁﬂ@ﬁ@c{@tﬁ}ﬂﬂ{-m

| ess t han about 1,050C, the bloom has a high deformation
resi st ance and shapedrspeels hgving 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.



rolling load that makes it difficult to obtain a prescribed geonetry. Wen
heating to a tenperature of about 1,350[err]C, on the other hand,
grai-ns of the bloom grow too nmuch, 30 and it is difficult to refine
the grains even by subsequent rolling. The rotling heating

tenperature should therefore preferably be within a range of from about
1,050[err]Cto about 1,350[err]C. Rolling tenperature
and reduction: a reduction per pass of fro %to 10% and a total

reducti on of at | east about 20%w thin a tgir%er ature range of from about

t o,achi eye

1, 100 t 950[ e
remar k;gl e ref §H§}?é%5 ¢ ?qmp%ataéq)gagmleg exhibitsahigh YR ot ovelg&f"/lp apd Sume Athepy
rolling in addb&l’ngﬁi-ah% ERgngl @%Hbv&e%fdnﬂy ago&fsb% Fcy%mgaé %épagf cha' 'y,

within a tenperatlre range o rom about”™ 1, 100 2rr pbout 950[ err]
the flange is (VxN)/Swasrasdbmasllessthmé) kS@duMunstequbq:mBs:@ﬁalﬁgb&cahtmt,ﬁ%

to about 10% and ot al eductio of at_.| east ou 0% That _is,
recrystal | i z(:at ?‘@F\IaR ?%ﬁﬁ ?19"% ot Bxg,stee TLecause gfg{)’@&iﬁ 8¥1§eﬁtﬁléﬁ4| on
with a reducti paefovpt?ﬁ%hﬂg g{ @ﬁ’é&loﬁ%& Z&%&gﬁﬁfﬁg@f Hhedeldxam les In

parti al recryst | zati o app yl ng an anount rication
represent ed bysteel N, in which tlteoVaN and Suwohtents wéreaﬁﬁmﬂmtscé;&%f the\mvbhmm, dheso

] | | bl
Feduct | on_ per 148 SRNRNBS St 5% shand. P witsirughs exbingmeg SHOxseiORnDg
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def or mati on resi stance an reased geonetri Cc accuracy.

t herefore desi hofingprovedida steebOpthe-effect of VN was metiawilable becdust bOthecllig¢on®eht
from about 5%t about 10% Wen any of the rolling terrperature

the redd®tion pbabqysdhe upper dimit defingd by dhr formgle (23 vgth a low strangth and an
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Cool ing after r ing: arr coo , or al

r?om . eff@dtmaadmgwwaems,afﬁmerﬁ,omdltawghneéy\g&sﬁcﬁmpfo%@re st oppage
of cooling

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°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.



Cooling to the roomtenperature after [blling prevents dispersions in

strength and-Tougnness and gne occurrence of_distortrop. \Wen a
hi gh str nt r&sto be obtailngdgsM th a | ow Ceq, or whenp the
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15 pi eces and JI'S No. 4 irrpazt test pieces were sanpled fromeach of
the heavy-wall H shap (ssteels at 1/4 flange width or 3/4 flange
w dth; imTt3 G and—Z-directions—fTom t he fl ange thickness center
(1/2t) and only £n the L-direction froma positipn at a depth of
10 mmfrdmth Eange surface. These test pieces|were tested for nmechani cal
propertigs. |l Tesults are shown in Tables 2 to| 5. 20 As is
clear frgmtphe tesf resu[ts shpwn 1n Tablep 2 1o 5, the heavy-wall H
shaped stlegbs SRFENE 38 @%Bu&%fhfﬁrﬁ&ﬁ 8dpfe of the invention are nore
excel | ent In toughnesk in L} C and Z-dikections, as represented by
a vEo valfue_pf at east 930 ‘]e o OE?.QU onlg a small difference in
t oughnesq H& RN} R T SRR BRPARRET) SRS RTRERR exanpl es of the
i nventio | geponastrptet—opty—a—ptohti-di-ference—i n strength between 25
the surfdcegperddQ ol BE & B cknesls hebw exni bited a high strength in
YS of at I"ggstﬂésarwaa“ 5 K~ mny ‘a:tl%":n%"‘ “HWEBF up to 80% Under rolling
and cool ilng-tonditions. wthin thet-aforgiment i oned suitabl e ranges,
particul gr |y excelfent stren thoaﬂn_dmto;%hn SS. ey e obt ai ned.
Heavy- wal I>%§I§:p§ IR 28| ERREpIFOF F i ve exanpl es havi ng Ceq 30
val ues, an contept. a content, (W X N\/VS vallues, Ti content, S content
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val ue of LMpe—N-S—was—ess—thar—6-156 /\gt-%—st—mcture refinement and
reducti op off § § i nclusions were insufficjent, and toughness in the
C-direct{on agéghe Z-direction were hot i nproved. In steel O
the effe¢t qf&VN was not avail abI e because of the Ti content 10 of
above t heg—ogper—tmt ﬁﬁlllleu y—thg for , Wth a low strength and
an | 5o MRSHH| f;zgcgogymt ugheadse e d hegg-flirection. In steel S,
because bf* g TOW A “EMYeht ™ qHe~ " “°F~ effeet of adding WN was
i nsuffic fe“* End _tvugq“”"'ﬁrlej_s wES—RetHrproyet: i For the
pur pose plxgvabualli g gl diag|cL Q? sensidligd byl a y-type welding
cracki ng| tedt~as qpecifijed in JT%'\ 3158 Was cafried out. The test was
carried t 1t T Tt nm |l ong x 150 mm wi de test
pi eces f D and H of the invention,
and stee s using a covered
el ect r od +-pns i ncluding a wel di ng
current a.hel ding speed of 150 nmi m n,
and a e7pf 50[err]C. As a result,
cracks were : L{an representing conparative
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CLAI VEB: 1. A heavy-wall H shaped steel excellent in strength,

t oughness and earthquake resistance, conprising: C : from about
0.05 to about 0.18 W% Si: up to about 0.60 W% Vh: from
about 1.00 wt%to about 1.80 wt % P : up to about 0.020 wm %

S: less than 0.004 w % Al :from 0. 0l%Bwto 0.050 wt % V:
fromO0.04 wt%to 0.15 mt% N: fromO0.0070 vt %to 0.0200 wt %

one or two el ermsﬁessmeixmteagﬂxfmmhm ﬂ)l’uﬂ:ngsscﬂipctimnmazllanglmpact toughness atthe from

abot002vvt%toaot060wt . Ni: f out %toabot
0.60 wt % PIFERISH AR we@zb\kmosﬁaraf{aﬁff@ M MJhe steelis
Mb:  from about sﬁta%ie M%éﬁsﬁ%@%ﬂ%ﬁﬂb&@ %%had%®1llars, beamstaﬂg ﬂhﬂh&ﬁ&?b dx g Fe

and i nci dent al npurities ere t content an
are within ranmmslsfyl ng the followng formula (1); aTi content

is wthin a range . satisfying the follaow ng farmula (
car bon equi val @gﬁl{l@(ﬁlf’n}"@sg eribggd incanpestion yithp fP%‘/’Ff Ieﬁlbf’gﬁm%tﬁi

‘[N'e: H n Oa 1r58‘ngeHgtNe{lél‘o sB5QH be Amabrstfodthdt AR W nPirfent 6 Hnit this mvenel}{nkfo M

(1) 0. Oéabddinehtsideseried a.bo% ®n fthe cdhtraby, thelifent is|to cover all alternatives,
..................... (2) _C+S|/24+l\/h/6+N|/40+Cr/5+
Mo/ 4 + V/ 14  modifications, and ?qmvabm.s ag may be includeghwithin the spidt andscape efther bed

energy at ate r fl ange
t hi ckness cent @gili@&gtﬂ? eals?t%(g‘gglb?ak%k?tegtﬁ%q’agogé 5&?{1 8%@%@%&@ his
at | east about ckaagedviday occur to thosé\skiflad ir thelatt witlout deshriih®fibmahe opielt Aed t 0
claim1, conprising a nmicrostructure including ferrite + pearlite or

ferrite + pear$dope ofthisinyention.wherein the ferrite grain size




21 as determned by JIS Q0552 is at |east No. 6,. and the area-rati-o of .

ferrite is fromat |east about 50%to about 90% I
H shaped steel according to claim1, further conprising a{”nﬂny !@v,wj/"lw
from about 0.0010 wt% to about 0.0200 wt % REM and from about (9 (i
about 0.0 100 wt % Ca. 4. A heavy-wal | 28 shaped steel according to
claim1, further conprising fromabout 0.0001 wt%to about 0.0020 wt % B.

5. A heavy-wall H shaped steel accordi nqQUAMSi m 1, further conprising at
| east one of from about 0.0010 wt%to about 0.0200 wt % REM and from about
0. 0005 W% to about 0.0100 wt % Ca, and from about 0.0001 wt%to 0.0020 w %

B. 6. A heav Is LAl [
characteri zed as Kaélq{ Vg‘- gﬂarpgﬁll 0 o ferélglélg%%na éﬁkéﬁg%%%apﬁegﬂhq}x_ak%\
heavy- wal | Hsha@gﬁl@;aﬁhpmr ding to claim1, further conprising:

C: fromabout 0.08 wt%to about 0.18 wt Si: fromabout 0.10 wt %
to about 0.60 w % ﬁromamw%tﬁ%hwhﬁ I%VQ%,wt%to about 1.70 w%

P: | ess t han about SQ: &)2% a\%{? 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 0.016 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%,
Ni: from about 0.02 wt% to about 0.60 wt%,
Cr: from about 0.02 wit% 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%:

(VENYS20.150 e aQ
0002<Ti<1.38xN-859x10% s ')
Ceq = C + Si/24 + Mn/6 + Ni/40 + Ct/S + Mo/4 + V/14  eooveereorccerans A3)

wherein, the Charpy absorbed energy at a temperature of 0°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



w % one or two elements selected fromthe group

Cu: fromat |east about 0.02 WMt % to about 0.60 w % Ni: fromat

| east about 0.02 wt % to about 0.60 wt % 21 Cr: fromat |east about 0.02
wt %.t 0 about 0.50 wt % Mb: fromat |east about 0.01 wt % to about
0.20 wt % and as determirted bydISBOS5D & atdedstNan6, and dheiama wdtiol offenrite isdfeom at

22 8 A beam co S a h y-wal | H shaped steel according to claim
1. E?qsfél? q&éhﬁ’r %bﬂﬂtﬁ%eavy-wall H shaped steel according to
claim1. 10. A heavy-wall Hshaped steel characterized as having a

Char py absorbed energy at O[lerr]Cin L, Cand Z-directions at a flange
t hi ckness center Bf Adheaveawdll Hishapedisié] dccondidg haviann 1afurthet comprisimpattiest at

| east about 325 . 11. A heavy-vwal | a teel, .accordi 0
cl ai m 10, ubei nﬁn%?ﬁ?&am&é)@llgﬁ‘ﬁ%%é "‘gg%%&ﬁg&%@ddnﬁm l?ﬂ“"l B@bﬁ han
gt(;(r)rg';i SIO:% ., wivito DolEG Y0¥, i shaped steel according to claim 10,

S : less than or equal to 0.001 w % : fromO %to 0. 050"
wt % V:from0.05 wt%to 0.12 wt % N: from mf’ﬂ' 160

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
Wwt% to about 0.0100 wt% Ca, and from about 0.0001 wt% to 0.0020 wi% 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 0.016 wt% to 0.050 wit%,
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 Wi%,
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 wi%, and

the balance being Fe and incidental impurities.



m crostructure including ferrite + pearlite or ferrite + pear [t +
bainite, wherein the ferrite grain size as determ ned binl Uﬂﬂm

| east- No. 6 and the area ratio of ferrite is fromat |ea Hm”ﬁ!,
about 90% 13. A beam conprising a heavy-wall H shaped st del "ac&ordi ng
to claim10. 14. A pillar conprising @heavy-wall H shaped steel
accarding to claim 10. 15. A process for making a heavy-wall H shaped
steel excellent i% # beangtdmprisinghhesy-walll Hestrapbd) stetleaccending torodaim 1.

conpri si ng: heati ng a steel bl oom conpri sing: C. from
about 0.05 wt % to about 0.18 w % Si: up to about 0.60 wt %
Vn: from about 1.40 about

0. 020 Wt % $ Av‘ﬁx?f&f@)n?ﬁ%ﬁess th%%y%ﬁl shaged steel accordﬁlgtolél%)gfnol o 0. 0
16 wt%to 0.050 wm % V: fromO. 04 w%to 0.15 wt %

N. fromO.0070 wt%to 0200 % ] ne, or, t ele

sel ected fromthewgr%hﬁa‘ﬁ’o‘ﬂéug’ edsteel charactenzegasha\@gm%hgmy;% i)e@ 02
w%to about 0 V)

b efilg §0°G inL, G pnd Z-diregions af a flange thickngss genter 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 stee! according to claim 10.

15. A process for making a heavy-wall H-shaped steel excellent in strength,
toughness and earthquake resistance, combrising:

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 0.016 wt% to 0.050 wt%,
V:from 0.04 wt% to 0.15 wt%,
N : from 0.0070 wt% to 0.0200 wi%;
one or two elements selected from the group consisting of:
Cu: from about 0.02 wt% to about 0.60 wt%,



Cr: fromabout 0.02 w% to about 0.50 wt % NoTfr-om-about.--

0.01 wt%to about 0.20 w % and the bal ance b

incidental inpurities; where the V content anmmm m’mﬂﬂﬂw’m
are wi thin ranges satlsfyl ng the followng formula (1);

content is within a range satisfying the f ajg owi ng forrrula (2); and

t he .carbon &qui val ent (Ceq) as defined by the following fornmula (3) is

W thin a range of from ahgupofk a8 bavABbutd.dFwkds (v
x N/S [err] 0.150 T (1)
0.002 [err] Ti [err] 1.3&rxfrdbimabdubt®0X wityterabdut 0.50 wt%, . ......... (2)
Ceq =C+ Si/24 + \n/f6 + Ni/40 + Cr/5 + (3);

heating the bl oom 9cﬁqmﬁ5°¥tﬁ>e01bW€?mam%°W% 8gol i ng the roll ed

bl oom to produce the heawlgs%elﬂ-e ?%eﬂdgﬁéi&éxﬁalv@ﬁmnueé“her ein the

heavy-wal | H shaped st eel aracteri ze g a Charpy absorbed
energy at Oferr]Cin L, GlersthéVcomeaitiandthed¥ cantbhtoare evithin mhpesssatisfyinlgathe of
at |east 100 J nd a_.yield trength of at |east about 325 Ma. 16. A
process for t‘?ﬂ’g‘"ﬁ H shaped steel according to cl ai m 15

wher ei n: t he heat| i’l{éﬂf Ji*ﬁn 9’#‘% of
fromabout 1,050[err]C tor‘lglggl 1*"%@[1&& i% Sat Qlﬂﬁ?alb ng co :d‘éés
rolling the bloomat a tﬁmmmﬁlem(@mabdaﬁneuwéﬁudvﬁngﬁom 3)is
950[err]C, a reduction per pass of from about 5%to about 10%and a total

reduction of aWwithiarangefifrommhput®hdé wt's to abewtdd. €18t ehg conprises cool i ng
the rolled bloomby air- ggg% §2t6) d)om tenperature, or slow cooling (l)hi gh
t enper at ure stoppage of g fo owed by air- cooling to room™ ™™™

tenperature. 17. A prooeesti £ a38nEKi-85%x hghvy-wal | H shaped st .eef2)
according to claim15, wherein the heavy-wall H shaped steel conprises a

m crostructure includi nngeGr'T¢t"(§l/24p'eW5 ‘d‘é‘h(ﬂo'fﬁr/ﬁr'tMOM P4 te..03);

bai nite, wherein thﬁ ferr eElograln si ze as determ ned by

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°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°C to about 1,350°C;
the rolling .comprises rolling the bloom at a temperature of from about
1,100°C to about 950°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 (0552 is at least No. 6, and the area ratio of ferrite-is from at
I'éast about 50%to about 90% 18. A process for making ml\ﬂm;‘s“ ‘\
H shaped steel according to claim 15, wherein the bl oom fur E m el i
at |east one of from about 0.0010 wt%to about 0.0200 wt % REM ahd ¥rdmn
about 0.0005 wt % to about 0.0100 wt % Ca. 24 19. A process for making a

heavy-wal | H shaped steel according to claim 15, wherein the bloom further
conpri ses fromkhG0s5Dis@P hsti8H 6, and ki dredralic 0 fortité iB from at 1845t aBoun S0%EBS
for making a heavy-wal |l H shaped steel according to claim15, wherein the
bl oom furt her ébﬁ%ﬁpfm at | east one of from about 0.0010 wt% to about

0. 0200 wt % REM and from about 0.0005vwm % to about 0.0100 w % Ca, and from
about 0.0001 wt % to about 0.0020 w % B.

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.



