1 SPECIFICATION Title of Invention ROLLED H SECTI ON STEEL 5 Technical Field
[ 0001] The present invention relates to a rolled 1J-section steel
that directly supports a floor slab or roof floor slab, and is applied to a
small beamthat is not directly connected 10to a pillar, a beamthat is
used within an el astic design range, and the |iKke. Priority is

cl ai mred on Japanese Patent Applicat$3¥HRB¥“§@§9-162402, filed July 09,

2009, the content of which is incorporated herein by reference. Background
Art 15[ 0002] Conventionally, as rolled H section steels, various
rolled Hsection steels like the following (1) to (5) are known. [0003] (1)
A rolled Hsection steel having excéitleehtnverionhquake resistance, in which
20t he fl ange breadt h-thickness ratio is | ess than or equal to 10, the

wor k- har deni ng exponent in a stRQELED HRCUPN Y% aft er wor k- hardening is
started is greater than or equal to 0.2, and the rising gradient of plastic
deformati édn stress in a strain range of 6% or nore is larger than the
nonent gradient in the vicinity of a position having a nmaxi num nonent,

wher eby a pl dsthngakidgidon generated at a position that causes the 25 maxi num
nonent is enlarged to the perinmeter (for exanple, refer to Patent Docunent
2 1). [0004] [0001]2) A rolled Il-section steel for a pillar in which
the web thickness to flange thickness ratio is 1.2 to 4, and reinforcenent
by a doubl er pl at eTherpraseftiihveation @ldakans roictH-Epdonattce! tat dietivguepatsiaf f ener,
or the like (for exanple, refer to Patent Docunent 2) can be omtted.

[ 0005] flooi(stgb A rédlfloscklat, SRLik heilied teLimilDicam thdtlid ot dirgttivlbigRcedie web

t hi ckness to flange thickness ratiois 1.1 to 2.0, and reinforcenent by a
hori zont ab std 4 pifimes b&im Matieased Witiim elddjio iRighGamesirditRdliten a
pillar-to-beamjoint, a doubler plate in a panel, an oblique stiffener, or

the like can be ompddredis(clafhefoiapiRse Wa;@én@)\i\\gél&aﬂ?@{ﬁ@bﬂm%ﬂmﬂtﬁlé’ﬁ Julyt 0006]
(4) Athin-web rolled 14-section steel in ich the web thickness to flange

thi ckness raiph008 th&Shtdnhewifth 8 MéBlpotddheRin BPRfLQREAV0- convex are formed
at 15predetermned intervals in a web in order to prevent a web flapping
phenonmenon during rolling (for exanple, refer to Patent Docunent 4). [0007]
(5 Athin-web rolled Hsection steel in which the web thickness to fl ange
t hi ckness raty, éﬁm%g§§ than or equal to 0.5, and at |east one protrusion
reinforcing ribTs provi ded over the |longitudinal total length of only
one Iateq?I surfacg,gf @ web in order to prevent a web flapping phenonmenon
during rolling (fo eQaane, refer to Patent Docunent 5). [0008]

Addi tionally, as tgchni re j c ti.on i steel s,
25t echni ques. |1 ke CHECH B BTt PR R AR gl et SEF 56

(A) Since it i ecessar o _secure the plastic deformation capacity of a
rol | ed r+secET%Rm%‘8%@3F¥ﬁ2P83F°Y% be used as a pillar or beam nenber

havi ng excel | ent ﬁgh guake resistance, as shown in JIS G 3192 or Patent
. Docunent 6, the fl 5breadt h-t hi ckness ratio and the web

breadt h-t hi ckness ratio are specifi inarelativel
{ l? A rolled H-section steeelq)aving excellent eart quXke resistance, in which

20  the flange breadth-thickness ratio is less than or equal to 10, the work-hardening
exponent in a strain range up to 6% afier work-hardening is started is greater than or
equal to 0.2, and the rising gradient of plastic deformation stress in a strain range of 6%
or more is larger than the moment gradient in the vicinity of a position having a
maximum moment, whereby a plastic region generated at a position that causes the

25  maximum moment is enlarged to the perimeter (for example, refer to Patent Document



smal | nunerical range (the upper limt of the flange breadth-thickness
ratio is set to 10.0 and the upper limt of the web breadth-thickness ratio
is set to 56.6, according to JIS, in a case where a major application is a
beam and the side-height ratio is in a range of 0.77 or less) that is said
to have a deformation capacity. 10[0010] (B) I'n order to inprove

t he cross-secti onal secondary nonent and the section nodul us to wei ght

ef ficiency, the web thickness to flange thickness ratio of a rolled

H section steel fol08%beamis specified in a relatively small nunerical
range (the upper limt of the web thickness to flange thickness ratio is
set to 0.75, in a Gase ihedB-sectivnjsise! fosmpifan ie ahjchkhq webghiskeass arflanghe
side-height ratio is in a range of 0.77 or Iess% as being specified in JIS
G 3192. [ 001 Hhickness ratio is(1¢)tonangrreiaforeesncaniy a ¢asbler pleede atlabip-tgagoeinl er
plate in a pillar-to-beamjoint panel, an oblique stiffener, or the like,

it is alsd krpowel, antobtiquetstifiomsn or Hiedikn éos cxampld, satggdo P@eHilokwaen 2) eanibs of a
rolled Hsection steel for a pillar is specified in a relatively large
nureri cal rangettéd he lower Iimt of the web thickness to flange thickness
ratio is set to 1.1) (for exanple, refer to Patent Docunments 2 and 3).

[ 0012] [0008)) In order to realize a thin-web rolled H section
steel while preventing the 25 web fl appi ng phenonmenon during rolling

manuf acture, it is(al gookedbMredtivattetiter aygibiar id whivhahenedsthickndss mrfgpagd hi ckness
ratio is specified in a relatively small nunerical range (the upper limt
of the web t hhickResatid @ 1f1l 1angeatdveikstemgent By 4 horlzentdl siffefdraf a Boaaninge ref er
to Patent Docunments 4 and 5). [0013] 5(E) In addition to the above, there
are roll ed Hj@iﬁﬁ;gip@sﬁti@qtiﬁ@Ipﬂ1atr-ttaseaafjains,taamdaeﬁi1@tedaa;sanasal%tﬂaa@mf&a&, Soci ety
for Testing and Materials), BS (British Standards), and EN ( European

St andard) (r ek & 1k AN JRgt&NiforleRaHpRNERer b Ha@nBDocuR@hem Docunents 10[ 0014]
[ Patent Docunent 1] Japanese Unexam ned Patent Application, First
Publication No. 20(ga$8974 [ Pat ent Docunent 21 Japanese Unexam ned
Pat ent Application, Fi'rst Publication No. 2000-54560 15Pat ent Docunent 3]
Japanese Unexam ned Paf gty il Calk@idn stebilis whiRyhd & thRRndioto BAR3- 155779

[ Patent Docunent 4] " Japanese Unexam ned Patent Application, Firs

Publi cation g2 éﬂlf'%@ei?than or et*ual to OF‘).S[,J f%ﬁ%o%%@@fo%ed@panese

Unexam ned Pat ent plication, First Icatiton 20 No. S61-162658
P R . o . _
publ | cat ian- a0 ERERGRY, H“‘%%@Qﬁgﬁﬁéﬁ%ﬁwg%k@fé E@%R@Ef%zﬂtuga
1] ASIM i i | i
patent | Docurbil oyOmeep iR LR S Bl T ko Patent pocument 3] EN.

( Eur opean Standard@ ?@isclosure of Invention Technical Problem[0016]
The shape of the r P d Hsection steel, as described above, is

standardi zed in re tive c tries includi he U. S . Britain, Europe,
and Japan. For ex a@*ﬁgg},""iv‘ﬁbi%@p}{a’ﬁe,ca%gf%HEWP@’ %hgdv elgi-ﬂgé@tefsotﬂ f@?%eel s
described in JIS G 3192 (the shape, dinmensions, mass, .and,al | pwance of a
hot rolled stigmpssipid R an Py ?Toié’? E“*?ﬁ@“gﬂﬁﬁB?OHFWﬁ%@Fﬁﬁ¢'ﬁass, and
its allowance of a hot rolled steel in JI.S G 3192", the cross-sectional

di mensi ond i RTOViYSHaMdke IpBgiging! (o lepgthiofous ops BW”iS‘H?%‘EE A53 BAR Ager o
cross-sectional area, unit nass, and cross-sectional characteristics of

H section st @Eventgnbiflapaige phenomenay digg rofling Gyeranpiedelenk Faof owi ng Tabl e
1, and the follomjn% (a) to (c) can be seen froma side-height ratio (B/ H)
a flange bredW¥cememipbkness ratio (B/(2xt2)), a web breadth-thickness ratio
((H2xt2)/tl), and a web thickness and fl ange thickness ratio (tl/t2),

whi ch are shown in[0%@4l e 1. 20(a) The flange breadth-thickness ratio is in

a range of 3.1 to 13.4.
Additionally, as techniques regarding conventional rolled H-section steels,

25  techniques like the following (A) to (D) are also known.



(b) The web breadth-thickness ratiois in arange of 8.0 to 56.6. (c) The
web thickness to flange thickness ratio is in a range of 0.53 to 1.00.

Vari ous conventional rolled H section steels in which the side-height ratio
(B/H) of the various conventional rolled3H section steels in Table 1 is

| ess than or equal to 0.77 25are plotted and shown with open circle marks
in FIGS. 1 and 4, [@R%]lvari ous conventional 6 rolled Hsection steels in
whi ch the side-height ratio (B/H) in Table 1 exceeds 0.77 are plotted and
shown with marks XA)Since it is nqeess®y to seqwd thy pigstic defapration kuwringeftarelletor i zont al
axis as the flange breadth-thickness ratio (B/(2xt2)) and showi ng the
vertical axi $l-sestiorhgechvatprdsiyiebaitshd atd pikaras Seamnmien b¢r(haying exoellent) |
Additionally, the various conventional rolled H section steels shown in
Table 1 are parttquad resitansd@sshawm ifFJIES 3 P2xmdPasniiDedumehied, Herflapgmt al axi s as
the side-height ratio (B/H and the vertical axis as the web thickness to
f1 ange t hbckbesdthrkitkrosy(raiid 4r@l)the WeOU8]dtH-Otiekness rathvarersgeaificdp reletivélpn of
rolled Hsection steels in which the side-height ratio is in a range

(mar ket ed i nsmalpammaiakbrasgedibe-uppee didtitofsier flange ieadth-ddél@edsratads ketseiG.@s of
rolled Hsection steels regarding the flange breadth of rolled H section
steel ) of 0. 3dd de upes imétad tHeavedl badihf th2indsniadio & dee@rfe.camdortding todiSOIh a
application of rolled Hsection steels in which the side-height ratio is in
a range (mar kgketheRS majbripgcaliceRAHaa8 @hd B8 sidb-heighd et k5n ibramgebf MY &t eel s
regarding the flange breadth of rolled Hsection steel) exceeding 0.77 can
be cl assi fi egksk)Ih issaidith haVe sQfet@mbidCRpadidy. addition, in Table 1 Height X
Side (HxB) (unit: mm: 150x100, 200x150, 250x175, 300x200, 350x250,
400x300, 1450x300, [pf{¥y300, 600x300, 700x300, 800x300, and 900x300 (mm) are
m ddl e-breadth series, and the height (H and the side (B) that has the

sane di mensi ons ar®) §p5a&-h BT the 8ok LSecti ABPREIIRSE REGH andPh section
smal | -breadth series. [0019] Thus, if the major application is a

beam and oIS\ @LAIRALS teSvdbl bR b ofled AR OO0l Troea | €5, the

following (d) to (f) can seen. e ange

breadt h-thic F O LSRN : :

br oadt h-t hi chngoaor el frl SednlisIpd M@ Qo' ok dytgrictite YRS o e
t hi ckness to.fl. (e ratl Qi8I k D - [.0020]
Bei ng set as hlinrllt%t%%%"g 35%%%@%@5%@}110?%&5 gggésasjog%t%toﬁfes’ \%o %%M\g}rllege fzglglsogns (9)
and (h). ,£0021].5(09). The re n. . fl. e_bre -t hi ratio is a
rel ati vellé s%%dqcat&luﬁ%ar‘l @l an%zlﬁegseﬁgg%{mé@?aflotlgm%é?%ev(\ﬁgﬁgtoﬂe& S%E&ggg

br eadt h-t hi ckneés Eah%g*ilﬁ inarange of 3.1 to 10.0 is because, if the
ratio of the BFE%A{™h fckness of a plate el ement that constitute a
menber section issﬂgﬁ}ge, | ocal buckling is caused in a portion that
receives a conpre force, and the proof stress of the nmenber section
declines and a requjred 10pl asti.c_deformati on capacity jis na |onger

obt ai ned. [0022] 1) Inordgii§ opgreppeemepty 4 s ErbER { RURvSeeRidRhess t o
flange thickness ratjo is_in arelatively small nunerical range of 0.53 to
0.75 i s becaf¥¥hanebliqussifense or B dike.didis aha srqBdia Wuthickpgss to flange
cross-sectional area_and the section nodulys are increased by thickening
15f | anged0 an#hiekapssmatingta rollad Hpgetian geqd dotrp nilkdards spesified inargletivedelorsfes a

bendi ng stress. [0023] Additionally, various rolled H-section steels
that are st aRwaeréiakead EhedsTmlipthelthewpb thiskness (o flange thideesigating st eri al s) |
BS (British Standards), and EN (European Standard) are divided into various
rol | ed H sectlilptfosexempls, icfer whPat¢nt Deeuménde2 i Yht ratio 20(B/H) is in a
range of 0.77 or less and various rolled H section steels in which the

si de-height ratio [(®2}H) exceeds 0.77, and the upper limts of the flange
breadt h-t hi ckness ratio, web breadth-thickness ratio, and web thickness to
fl ange thi ckness r(@imordértd réd)izad thirheely aled Hsseetolnlsed] wWhikgutveotingstheel s i n
whi ch the side-height ratio (B/H) is in a range of 0.77 or less are shown
in FIGS. 26 techHappoug gHeoseer®h ddyng D8 [ng02Aphfac@re, it is also Mhddntthadtieliep, in Fl GS.
6 and 7, as for the various rolled Hsection steels that are standardi zed
in ASTM (Anerican Society for Testing and Materials), the various rolled

H section steels (rolled Hsection steels belonging to the mddle breadth
or the small breadth) in which the side-height ratio (B/H) is in a range of
0.77 or less are plotted and 5shown with open circle marks, and the various
rolled Hsection steels in which the side-height ratio (B/H) exceeds 0.77
are plotted and shown with X marks. A table of the various rolled H section
steels that are plotted and shown in FIGS. 6 and 7 and are standardi zed in
ASTM (Anerican Society for Testing and Materials) is omtted. FIG 6 is a
graph plotting and showi ng the various rolled H-section steels that are



15ratio is 63.5. [0025] Additionally, as for the various rolled H section
steels that are standardized in ASTM the various rolled Hsection steels
are plotted and shown in FIG 7 with the horizontal axis as the side-height
ratio (B/H and the vertical axis as the4web thickness to 20fl ange
thickness ratio (t1/t2). It can be seen fromthis graph that, in the rolled
H section st deiFkncssiaflangeahigknssiatip iskpasiish it redatively amall Buneisg! Pbes @ ni ddi e
breadth or the small breadth, the upper |imt of the side-height ratio
(B/H) is 0.72ppariit¢fshemsghehicknens to flgnsa thiskigsprafipiisclchd s examirle. afgetot hi ckness
ratio (ti/t2) is 0.82. [0026] 25Additionally, in FIGS. 8 and 9, as for the
vari ous rol | ddentiPgworitsdagd &el s that are 9 standardized in BS (British

St andards), the various rolled Hsection steels (rolled Hsection steels
bel ongi ng to the nj0dtile breadth or the small breadth) in which the
side-height ratio (B/H) is in a range of 0.77 or less are plotted and shown
wi th openscircl e n@) ksadditivd t¢ the abave] thers aregbll@dtsedieu stednthst &el s i n whi ch
the side-height ratio (B/H) 5exceeds 0.77 are plotted and shown with X

mar ks. A t ablsen@drditdicin WSTiVD{enariohn Betidty fe dtitiop asd Eletesialsh 86 (Brigshpl ot t ed and
shown in FIGS. 8 and 9 and are standardized in BS (British Standards) is
om tted. Stanfr), $1diEN @ugrpaghStpidatd) (vefer ardorsPaent Dgcdrents/broi3pus rol | ed

H section steels that are standardized in BS, with the horizontal axis as
the flange breadth-thickness ratio 10(B/(2xt2)) and the vertical axis as
the web breadth-thickness ratio ((H2xt2)/tl1l). It can be seen fromthis
drawi ng t hat pafept hétamenk! ed H section steels belonging to the mddle
breadth or the snmall breadth, the upper limt of the flange

br eadt h- t{gi ckness fgi4j0 is 8.6, and the upper limt of the web

breadt h-thi ckness ratio is 63.3. Additionally, FIG 9 is a graph shown by

plotting the vari OppgtefabdcGfheht 15€GidaftRe BrRiRRlPalehalppidafors PR fdfictkiged 1 n BS
(British Standards) with the horizontal axis as the side-height ratio
(Bill) and the uRpigeeA axis as the web thickness to flange thickness ratio
(t1/t2). It can be seen fromthis graph that, in the rolled H section
steels that are sh i i .he-m e oreadth or
the smal | breadth, @%‘é%‘%g‘é}%?? mgéprmgéf g?%egg}gﬁﬁg{aﬁg%%ﬁcaﬁlg% Flggt ?‘%J} 1Eﬂ)ﬂpllE s 0. 66,
and the uppeﬂ\lglé' hi g the web thickness to flange 20t hi ckness ratio
(tirt2) s 0ot Additional Iy, in FIGS. 10 and 11, as for the
various rolled Hsgction ste hat e standardiz j [ n
Srandard)S the var AR DPeTHERsE LB Thepba LR ARRE o T SIRRRTED |

bel onging to b&egc} | e breadth or the small breadth) in which the

25si de- hei ght2 al3°4 B/H is in a range of 0.77 or less are plotted and

shown with open circle 10 rks, and the varjious rolled lon steels
“nowhi ch the. si do- I8 GWOCPQFWF"&‘T( EFRERes ‘i%%%@ﬂ‘&edld’.%‘f‘?t’%PPL,‘*@?%HE%E‘%@% °% hown
with X marks. A tablg of the various rolled Hsection steels that are
plotted and SRowi-i*¥ GS. 10 and 11 and are standardized in EN (European
Standard) is omtted. 5FIG 10_.is a graph plotting and show ng the vari ous
rol l ed Hsection stfa&ndecHRentyl o JgeamgEciryias farnEnrieieny b Ritkfaiqyar d) |
with the horizontal axis as the flange breadth-thickness ratio (B/(2xt2))
and the ¥8rt Nea¥01ah?85%s the web breadth-thickness ratio ((H2xt2)/t1). It
can be seen fromthis drawing that, in the rolled Hsection steels

bel ongi ng to the nifaEnddewregeiith drrapseUsyprgmineddiateaidimmlicatione FigpBeicationd t  of
the flange 10breadth-thickness ratio is 11.1, and the upper limt of the
web breadt h- Nai 6KPA88%74 atio is 58.0. Additionally, the various rolled

H section steels that are standardi zed in EN (European Standard) is plotted
and shown i nNeh@ateitlDswiutantshe hori zontal axis as the side-height ratio
(B/H and the vertical axis as the web thickness to flange thickness ratio
(Wz). It can be géerwwjfromthis graph that, in the rolled H section steels
that are shown 15 wth open circles and belong to the m ddl e breadth or

t he snmal b5br eadt h, [Noh®awpipescumiend f] ASTVMéAsikedenifetigtytfor Eastieg 48/ H) is 0. 77,
and the upper limt of the web thickness and flange thickness ratio (t1l/t?2)
is 0.78. [0028] Meanwhile, since the nunber of small beans to be used is

| arge conpared to the 20 nunber of |arge beans, if the weight per beam can
be reduced w thout degrading the required cross-sectional perfornmance, it
is possible to greatly contribute to the reduction of the cost of a main
body of a structure even if the cost reduction per beamis small.

For exanple, if the weight of a snmall beamor the |ike can be reduced by
10% or nore, wthout reducing the earthquake-resistent perfornance of the
beam the unit price 25 of the beam can be reduced by about 10% Therefore,
not only can the cost of the main 11 body of a structure be reduced



[0029] The followi ng nmeans is adopted in order to solve the probl ens

advant ageously. (a) The rolled H section steel related to one aspect of the
invention is a rolled 15H section steel having a web and fl anges. The
rolled Hsection steel satisfies the folfow ng Expression (1) when His the
hei ght of the rolled Hsection steel, and B is the breadth of the flanges;
the tensile Masiglfih is 400 to 510 Nm®, the rolled H section steel
satisfies the follow ng Expressions (2) and (gg when t2 is the plate

t hi ckness of the flNendaknt Rergmenie] ddsy @itigh Bpedagds) ess of a steel materi al
of the rolled Hsection steel is 20 F(Nm®2). (B/1-1)0.77(1)

11. 1<B/ ( 2xt 2) <215/ [Nof Ppic2) D3sEA A ( 3N (Hyogedn Stagdard) (b) The rol | ed

H section steel described in the above (a) may satisfy the foll ow ng
Expression (4) when the plate thickness of the web is tl.

63. 5<((H 2xt2)/t1$1100/ 1(F)(4) [0031] 5(c) In the rolled Hsection steel
descri bedsi nDiscsaboibvedion t he plate thickness t1 of the web and the plate
thickness t2 of the flanges satisfy the foll ow ng Expression (5).

0. 75<(t 1/t 2) gdcHaica) Présluiant ageous Effects of I nvention 10[ 0032]

According to the rolled Hsection steel described in the above (a), even if
a material in whiclootdje design yield stress F changed in the above range is
used, the flange breadth-thickness ratio of the rolled H section steels

bel ongi ng to the slshafersFamibll@rtkdtionsde] & dosopideld dbove) i$ hiandamijzed icount ri es
can be specified easily and the cross-sectional 15shape of the rolled

H-section st e@befirbcditrd &eluldir@dhe USOIRitain, Europe, aliIeRQY €For dxB@plegihght  of
this rolled H section steel can be reduced nore than the conventi onal

rol l ed Hygectifn vatis& roll&PESkdiof deblD 8RR if IS 81 tHeWRibedEimbRgons, S. |,
Britain, Europe, or Japan. Mdreover, the cross-sectional performance of

this rolled hhéfﬁ*dﬁﬂm%gﬁhﬁﬁ%oﬁ%nmpﬁmﬁﬁﬂékﬂﬁ@@ter than or equal to that of
corresponding rolled Hsection steels in the thesecountries. Accordingly,
according to this @gyjed H section steel, in all the countries of the world
i ncluding the majo cJuntries, di rensi ons can be easily set and applied.

13 10 the range of \{ he-AbOYS. BXRGRRS (s SHEMuL of Dioe R T

stress F of a steel nmateri a e used for this rolled Hsection steel

changes,  the o4 39090 SadL i I GKORRRS [PHApflddBh 1ML £))siblaafdgt |

H-section steel "cdn be set easi as his ro section

P o0, SRR IR G RS Pl

B . . . i . ; '
e R L e
O oot b LS S B ELARR o oo

H section steel with a new di nension or s i.th reduced. wei ght., 10can be
provi ded. [ o0& BA2x0)), aA‘M‘% l?rFQSiH’a'ﬁ’F“?fPeﬁs F\at‘PR@E'g)éV\gét‘)o?" %‘@gbatg%%?%q the web
breadt h-thi ckness ratio é_(l—l—th 2)/t1) of the rolled Hsection steel can be
set to a predeépgsthickesss rsn fe'2)- et aeshosndt 1ehishi p bet ween the hei ght H of
the Hsection steel, the plate thickness tl of the web, 15the plate

t hi cknes@0t 2 of t he®) Theflayes breaditrthiplnessaatiq)s iy enge ¢k 3 bsI3¥ (N mm2) of the
steel material. As a result, the weight of a steel nmterial can be reduced
wi t hout reducing tthThe welsbreadih-trickapsspatioris imaigege ESHased t o convent i onal
wel | -known rol led H-section steels, and a rolled Hsection steel with a new
di mensi on or shape(ctEhe web thickysse llanE thickresspatis, is inrp rapgesof OB Ite d-0M sect i on
steel in which dinensions are set as 20 descri bed above, the wei ght per
beam can be r educeWarivos eontvhivnelratiedd-sexting etaeli ormehichHhs sidehoightseée(BsHpby
about 10% As a result, the cost per rolled Hsection steel can be reduced,
and t hi s can ofilleeadestconlzutienagrotiad Hysett@nrseedlsdi Tahde bis leshéhapos equef tod).77
structure using this rolled Hsection steel. For exanple, if the weight of
a smal | l@amaesgloid ane shosadvityopba Yrde marsén FIGS. hand 4 aad weiiowug coinentional

eart hquake-resi stent performance of the beam the 25 unit price of the
smal | beam can be reduced by about 10% Therefore, not only can the 14
construction cost of a structure be markedly reduced, but also the weight
of the structure can be reduced due to the weight reduction of the small
beam and the earthquake-proof performance can be inproved. Particul arly,
when applying to rolled Hsection steels for a small beam w th high



Sversatility, the cross-sectional area can be reduced by about 10% nore
than conventional rolled Hsection steels, and it is possible to provide a
smal | beam having a cross-sectional performance that is greater than or
equal to conventional cross-sectional pe6formance. As a result, it is

possi ble to provide an inexpensive small beam _in which the cross-sectional
secondary nordlke Hessstigfesteeiigp oxpish theysidasbgight ratig (B/H)dn gabrc'[ﬁakF’fFﬁ?ﬂsc?fﬂfﬁeabout

60% and the section nodulus is inproved, so that at |east the section
nodul us is t Biotsda shewpeitgmarksghd t he best the section nodul us achi eves

i mprovenment of 15% [0035] Additionally, when the dinensjons of the rolled
H section steel ardGSel anlA are ceanhi shawvingrihohorizpgalagisvs thedlango (¢), even when
the design yield stress F (N/rrm'zg is 15broadened to 235.F275 as the

speci fi ed debiagdthshiclesss mtiofB/(2e))snd showing de iverticalanis aptiegtsb per rol | ed

H section steel can be reduced by about at |east 5% or nore and a maxi num
of about $5%brradib-thiblenescrotio €Ht-aval. phddiianaby, therdriobsecogetiopérolise rol | ed
H section steel can be reduced. Hence, it is possible to greatly contribute
to t he reducH-sntiof stécheshoen st Tabet i oe plovet andfshews inrliGH U2 endubswvitlythe hi s rol | ed
H section steel. For exanple, the 20 weight of a small beam can be reduced
by about at hedsintabskions thoside-haight aative(BiHiLamd ofc viBial axistds thet webstligknesgtot he
eart hquake-resi stent perfornmance of the small beam Hence, the unit price
of the snall flaggmichrsdatio adygred by about 5% or nore and up to about 15%
Therefore, not only can the cost of a structure be markedly reduced, but

al so the wei ght of[obhsg structure can be reduced due to the weight reduction
of the small beam and 25t he earthquake-resistent perfornmance can be

i mproved.jg 15 [ 003@4re, the major dppliSatioflof RellediSRelidnarecBlif @hich $heqdcitizgdht t 0 a
rolled Hsection steel for a small beamw th little weight burden, weight

can be reducegdiohyinahasde (RhrdeRasH Japdh &2 IS radth RBEYHr ndddTebidatiiseies $5% nor e
t han conventional rolled Hsection steels, and a snall beam 5havi ng the

cross-sect i ORglled RRELASIBOGE ENGhe HiR ALSAE:ELdtH HEDII B 85848h stbQ) SV | onal
cross-sectional performance can %e provi ded. Hence, it is possible to

provi de an | REXBRRIY siﬁé@ilgtoab@e@miﬂ@lt}{@{rjlﬁjlarﬁﬂ})ﬁpﬁfoﬁ%ﬁfo‘i@%m&&%n sRRRgRdary

nonent can be | nprove Yo or nore and ‘a maxi mum of about 65% and the

. q POy . | . . h
section no UW§chg§e élﬁl@&%@?ﬂﬂ%q%wﬁ%n$t(ma&@§3 af %%rg}%&ddﬁpseﬂpsd&flryl%d' s the

sane as before, st the section nodu 0 achi eves inprovenent of

ol at ondhi p BErUBLHe S e Pl olibRa otsTod iEiPARe IR 11E
br eadt h-t hi Cknelzesclarsg’ltﬂ'eg %n:t(g a b’l‘gl%r:joqrgsorzycg.l | ﬁdadpﬁtiéxgﬁ{)_’_'l“%e ?h%%lmsx Eglllegﬁ to one

. al .
enbodi ment of *1 ie” T AvVen vari ous ro section ste accordi ng

; : liLE'ess o (PIAIGY fﬁ#@dﬁ%%@ﬁ‘%@f%%ﬁ‘hﬂ%ﬁ@?aéﬁ@% Pi@“&??@%ﬁ%ﬂ@%ﬁf? ous
ss 10} ! . i .

Hsecti on st éh@’%@é@ﬁ%@%é@éﬁgl8@8*@?ﬁ@%?ﬁf@%ﬁ%@h@%@ﬁ%§§S= o

out 1 ne. vi cwsadthe e B andhe 8k Dob i BRrmRITET e S0 8 POMY CeitPnal

direction of the beam FIG 4 is a graph showing the relationship
bet ween @%weBnbihe SHER-AhIRaNISth $¢fiFS and a flange breadth-thickness ratio
in the various rolled Hsection steels according to 25JIS. 16 FI G
5 is a graph showil981%lhe rel ati onshi p between a web thickness to flange
thi ckness ratio and a side-height ratio in the various rolled Hsection
steel s according tBhugyi6the major applicafiprgs adeqrs, and gieasiste-hetebiviatg i laited to a
relationship between a web breadth-thi ckness ratio 5and a fl ange

br eadt h- t hi ckangs f 9.7 prolegsnthe &ellowirg (dbto (BFapbaeeeri on steel s according to
ASTM FIG 7 is a graph showi ng the relationship between a web

t hi ckness to fl ang@) Thé Bdnge beadthtthiokngsroratio siinlerdngd ght.1 i in the vari ous
rolled Hsection steels according to ASTM 10FIG 8 is a graph show ng the
rel ati onghi p bet we@htha web brdadthabit knesratik isés 8 range 01 Bhtd ¥.4, hathge

breadt h-thi ckness ratio in various rolled H section steels according to BS.
FIG 9 is a graph showing the relationship between a web thickness to
flange thickness ratio and a side-height ratio in the various rolled

H section steels according to BS. 15FIG 10 is a graph show ng the

rel ati onship between a web breadth-thickness ratio and a fl ange

breadt h-thi ckness ratio in the various rolled H section steels according to
EN. FIG 11 is a graph showing the rel ationship between a web

t hi ckness to flange thickness ratio and a side-height ratio in the various
rolled Hsection steels according to 20 EN. Description of Enbodi nents

[ 0038]



Next, one enbodinent of a rolled Hsection steel of the invention wll be
25described in detail. 17 [0039] First, the representative

di rensions of parts in a rolled Hsection steel 1 of the present enbodi nent
and a rolled Hsection steel 2 of a conventional exanple is showm in FIG
3. Reference sign Hrepresents the height (nm .of an Hsection_steel 1(2),
5 reference sign Bfyteprezdinkaess pflangsgagknesipgtiods ing rangfeot Odio P4t he f1 ange
breadth of H section steel 1 or 2, reference sign ti represents the

t hi ckness (mm) of B%38b 3, reference sign t2 represents the thickness (nm
of flanges 4, and reference sign r represents the curvature radius R (mm
of inner corners b&@in@@hasihéhewgbvea(dmdf)tlhbawq ethige &llewinggpoong() and (h). | p
order to use the rolled Hsection steel as a beamis a major application,
the rel ationship bi@Wden the height H of the Hsection steel 1 and the

| ength B (hereinafter, the length of the side is sinply referred to as a
side) of & side th@) Thesressoe whiy dngéanpe eaatitinthicknedsaatiogh b edatidelysorllon st eel  of
t he present enbodi nent satisfies the followi ng Expression 15(1) simlarly
to the conventinericl raagsel.17(2B5 5B.6 whef fhe Web®4ekHth-thickness raflg isde s canigbeti3.Above,

t he reason why the relationship between the height H and the |length B of

t he side thato 1&0 tshvecdub®q ifgke larie atithl bicadth hethickhdse df 4-plste eleinont thateedstifuts s 20
specified is the sane as the above-described reason in conventi onal
products. Thatmdnsher Wogdnie farge, Hicaldubldinghd cangddiioa Bétiot that retedvdshe rati o of the
hei ght H and the Iength B of the side that is the flange breadth in the
roll ed H secth@prestiRRabred, ang tRipkdtEktrdse 86tht RRmber. sédtionrdegietel a felpsiredor  equal
to 0.77 depending on the applications of the beam That is, since the
rolled I—I-lgectpiaglrib &lSBlatibrScapBdifiyndBREkr btamedi | | ar when this side-hei ght
ratio B/H 25exceeds 0.77, and the rolled Hsection steel is mainly used as
a beam when the 1§pgjide-height ratio B/H has a m ddle breadth or snall
breadth of 0.77 or less, the present enbodi mrent has al so adopted such a

practical index. [Q0gRleolElemE labGniy BEGLb BRcIRERS f1Are RAcKnBE:GRIAH i H the

present enbodinent is a rofled 5H section steel that Is mainly used as a

beam in whi Cpel{itﬂgl x ! ﬂ'nt]ﬁxleﬁ&ltl gal}lg%%fh% f Ofﬁ:\;l# ?T%!cﬁéls%merbr&s-%gcti%ﬁal!s&%ﬁdar nd the

tensile streng a stee to 510 the design yield stress F

of the steel mmatar .eggplit §rog535%cgé\)!fn?];%ezf_@1d%lzesseulim%ullu-g%getdigérg?se& E‘Fth}i&Eﬂﬁé ed

rolled Hsection s Isar section stee steel materials

' 91's 03701 11 &R pliRingg Wi s EABHE b ERE phk el MeTBe 185210y ey
in JI'S G 3106, andEQg%OOA, B, and C (tensile strength is 400 Nm®2 to 510

Nm2) in JIS G 31 [ 0043] In addition, the rolled H section steel
H..secti

of the present enbodipent is.a roll on steel to.be.u in the

el astic range thergg‘:*l l(ﬁ@ily’é’fﬂ?fﬁlr%@edﬁ?’sﬁfcﬂgn itg?l%{ﬁf‘teaae- ﬁf%déﬁdf%egﬁn}g?g%’l is used
as a small beam .the rolled H section s j LN .yse within the

el astic rang& meHgan BIF'é(,fO‘?’FFéu geﬁ‘ﬂi“?@ﬁ‘%ﬁi% {{r%é?%p%@qﬁ,ﬁd@%@mqwﬂof a
beam menber is zero (plastic nodulu .0), . which.is sufficient. In this
way, the tar gEneyd}HF fi'éféf'eiii-"g%iﬂrfob‘ﬁr‘i’Fé‘éﬂ'gei“‘f“rftete dn ghi é@ﬁ“‘%%&ﬁﬁ‘it At is a
rolled Hsection steel to be used within the elastic range. It is

consi der @8 t KBADtinis azanesgfiP 72 ar [srandivarignsraisddlsHon speitinwhishdhe et to zero
(plastic nodulus 1.0), whereby the flange breadth-thickness ratio B/ (2xt2)
makes the nuriseibeight it diHS prepsin 7aamd the appgpligits ofpharflangg bregdibhicknesse he
upper Iimt 10.0 of the flange breadth-thickness ratio B/(2xt2) into a

m ni mum val ueatioyalebradthitickadssiretico and wel Hhicknesa faidange Aéckpessiggio (L/1) of

breadt h-thickness ratio B/(2t2) is 9.4 in a graph shown by plotting various
rol | ed 25 H- stectariows rotlait scaifon AGTINVInswbigh thesidethgighieratia tfHp ivan a pyee 019 imt of
the flange 19 breadth-thickness ratio is 11.1 in a graph shown by plotting
various rol | @d77Hr scire sovat iedllGS.of toBN fertchsdatedy.-shown in FI G 10. Therefore,
in the present enbodi nent, the flange breadth-thickness ratio B/ (2xt2) is
made greater than [D024). [0044] 5Simlarly, the web breadth-thickness ratio
(H-2xt2)/(ti) is a nunmerical range shown in JIS G 3192 or Japanese

Unexam ned Patent Application, First Publication No. JP-A-2002-88974. That
is, the upper limt of the web breadth-thickness ratio (H2xt2)/(tl) is
56.6 in a graph shown by plotting various rolled H section steels ofJIS
standard shown in FIGS. 1 and 4, is 63.5 in the various rolled H section
steel s of ASTM 10shown in FIG 6, and is 63.3 in various rolled |I4-section
steels of BS standard which is shown in FIG 8. Thereby, since the upper
limt 63.5 of the various rolled H section steels of ASTM standard shown in
FIG 6 is the greatest, in the present enbodi nent, the upper Iimt of the
web breadth-thickness ratio is nade greater than the upper limt 63.5 of



(Notification No. 596 by Mnistry of Land, Infrastructure and Transport on
May 18, 2007). 25[0046] 20 As upper limts of the flange breadth-thickness
ratio B/ (2xt2) and web breadth-thickness ratio (H2xt2)/(t1) of the rolled
H-section steel 1, when the design yieIdSStress F of a steel material is
235 NNm2, as shomn in Table 1, in ALSC design criteria, the upper limt is
specified as 16.5, Af¢itias!iydsFES- §iand éras for th%"%’ﬁé&ﬁ"ﬂ?‘éﬂ 58%“026"3915 ﬁé‘hﬁe in EN
Sdesign criteria, is specified as 14.0, and EN design criteria in Europe
are the severstsdardiged inASIM tAmerigan Bpcigty aiiTesting andMatsriglal heaiarians rolied f | ange
breadt h-thi ckness ratio B/ (2xt2) of the rolled H section steel in the
present embodi-srstion st @olied Hresciion tesirchclinging do the niddia preydth ethpgmalhe desi gn
yield stress F. Wien an allowable stress is designed, the web

br eadt h- t hi clondth) mawhich the §ide-hsight)ratict (BYHDib int hrangaodl| 0] aleseaeipitted | | s

not specified in the AISC design criteria and BS design criteria, but is
speci fi ed5as si@n @ith npenhvaclENadesamtheydrioes fodled Hrseetionisiesls in whichéepr esent
enbodi ment, 71.0 of the web breadth-thickness ratio (H2xt2)/(ti) specified
in AlJ desi gnideshielgar iato {BHaelaptdad.77Hnd ot ané shavigemtte X aharlze d Agsbld 800/ 1(F) ,
using the design yield stress F. 15[0047] [Table 1] Breadth-thickness ratio
i n various althowableroBéd sectidn steginthaf b plotttdanddbswiyin EIGS! dlarstt T @sisrd of a
steel material is 235 NNm2) In the case of allowable stress design

(Ref erence) sAhdardiZedSh BSTVR(Bferican Bdidtd fdrlTasini @nd Paatialo)is hitrg. t heor et i cal

val ue Fl ange breadth-thickness ratio (B/(242)) 15.5 16.5 16.2 14.0 18.3 Wb
breadt h-t hi ckness fief & @ A draphdialing dnb)shdwing the various rolled H-section steels that are
10  standardized in ASTM, with the horizontal axis as the flange breadth-thickness ratio
(B/(2xty)) and the vertical axis as the web breadth-thickness ratio ((H-2xt;)/t;). It can
be seen from this drawing that, in the rolled H-section steels that are shown with open
circles and belong to the middle breadth or the small breadth, the upper limit of the
flange breadth-thickness ratio is 9.4, and the upper limit of the web breadth-thickness
15  ratiois 63.5.
[0025]}
Additionally, as for the various rolled H-section steels that are standardized in
ASTM, the various rolled H-section steels are plotted and shown in FIG. 7 with the
horizontal axis as the side-height ratio (B/H) and the vertical axis as the web thickness to
20 flange thickness ratio (t;/t;). It can be seen from this graph that, in the rolled H-section
steels that are shown with open circles and belong to the middle breadth or the small
breadth, the upper limit of the side-height ratio (B/H) is 0.72, and the upper limit of the
web thickness to flange thickness ratio (ti/tz) is 0.82.
[0026]

25 Additionally, in FIGS. 8 and 9, as for the various rolled H-section steels that are



124.0 56.2 21 *1: AU design criteria (Steel structure design criteria:
Architectural Institute of Japan) *2: AISC design criteria (STEEL
CONSTRUCTI ON MANUAL: Anerican Institute of Steel Construction) 5*3: BS
design criteria (BS5950: British Standarg) *4: EN design criteria (EN
1993-1-1: European Standard) [0048] If flanges and a web that constitute a
rol | ed H sectiandnrdizasdh B Bridgryandaidel the yaprus rolieddi-sactionsteheitllednd t he

el astic |ocal -buckling strength acr and specified values in respective
countries ar é-giciougedcelanbiag & the riiddl¢ breadth piibgsmalbbresdipierhichtheval ue of a
plate is obtained by the foll owi ng Expression (2). ocr=kx(7c2xE)/ (12 x(1
-v2)) x(t/b) 2id@height ratio (B/H) isties engkof 677 drdesb arskilitisd apdeoivn oyidripen ¢irdle t he
Young's nodulus, v is the Poisson's 1l5ratio, t is the plate thickness, and
b is the pl aneris asdbdvarjo0O8Ed H-section stebls it Which tielsield-higbeetio GHH3t eel , when
it is nmade ideal that the flanges are rectangular plates with three-edges
si mpl y suppokrkeddsant’ aeaplogebmdahodn el Em4rbsic k4 iablg of the fvhiiais erltedk=0. 425) ,
and a web is a rectangul ar plate (buckling coefficient k=4.00) wi th 20edges
si mply suppomi-edtiod dicely tHtfard étteidhad shoalndn TGS Srentl 9tand srawweddrdizal inBSck| i ng
up to yield stress, acr=F is set, and the above Expression (2) is
sinplified asBfi@hl9m@ards) is omitte® Nce t=t2 and b=B are established when (in
the case of the flanges) the three-three edges sinply supported and one
edge of freedom (B 2)sz28dphl{idtingd s1dGhéWng 6. vaFiowTolldd 1$-secliBn Sededardrbed i n
t he above Table 1 can be obtained as a theoretical value. 25Additionally,

since t=ti apgnfudi, &8 BSSWARHehBREbtN akib s BN gRIbrdab@-tRidBRSs BtiopP! Y
supported (in the case of the web), (HLt1)=862/1(F) is satisfied. From

this, 56-2@ Fg%/%itg ghd the {dM6caRPOVAR HAhbEbréadtiRhid@e Qi) (1edxapy thaar eti cal

val ue. he rolled H section steel has a cross-sectional shape in

whi ch | ater albﬁ gééﬂﬁlo'nﬂﬂlsﬂ%ipgﬁm, Rt RJiRE AscBitstdeRBeloRfiflg IPhO Rkl | N

parti cul ar, anges are e nost inportant parts in order to secure the

proof stress of @ %%aﬁ%&%thhhéR[g)tegﬁrgftlo?‘ﬂxg%aﬁg e RhGKRRRIs §811 0 s

set alittle nore severely than t stic local buckling. I'n the case of

Lhe thr ec- edqgs s Rl Y HRRRLA0a0 6, 800Go0 o codom (In the case of

t he flanges), rea I'ckness ratio1s 14.0 in an all owabl e

(3 55T beeongt N oD ARTMAE IR o 1
el o' o TR ity o 1 W U A AP P o
oxceeds ne FFICGHESEFef Bhoshin O LB R IR ecHler B v
little gentl é‘ﬁﬁé‘StIﬁ% bceﬁéeﬁ%?ﬁscgrla@btg?t’ %JE?W‘#IE%%'SF?{IOPE‘?&%Egg‘éar&&&f"ﬁé edges

sinply supported (in the case of the, , the web hreadth-thickness ratio
is 71.0 in anigqremelries aad pelerg tgdls YQW\.QF"%‘(?Q%” qriRe Wﬁdi’éeagﬁi'a the uRPL PG e
such that the val ue of (Ht_tig%:Y[i (F) becones 71.0, and is generalized using
(HLt 1) =1100/ 2f thy sidadreichicrade &/ isy 66 andsihe weper mitiQf Hhgpyeb thighngsdo flange
Accordingly, by specifying the relationship between the length B of the

si de t hat20j s thipfmessrratimittifz)of 08he f1 anges, and the flange thickness t2 as

11. 1<B/ (2xt 2$215/1(F)(3), in countries that specify the flange

br eadt h-t hi ckness 0827]o B/ (2xt2), it is possible to 23 provide a rolled
H-section steel in which dinmension setting is also easy, in snall-breadth
and mi ddl e- br eadt hAdditibredly.hh EHGS. 16 and i kes Bor theataripsrellqidd-sestinn pledsthgy eat er
than or equal to required cross-sectional performance, while reducing the
wei ght of st e stindardized inl BNl (Rdremeet Bendad)ethe varidus relbd Hesaotion stendt (ralledl shape.
5[ 0053] Additionally, in countries that specify the web

br eadt h- t hi c khegdon atdlobeldigibieti@he neiddle exadth betheatnoll breadtheinvdlictthonshi p

bet ween the height (H), the web thickness t1 and the flange thickness t2 is
defined @s side-height ratio (B/H) is in a range of 0.77 or less are plotted and shown with open circle



56. 6<(H2xt2)/t1 1100/r(F)(4), 10when the design yield stress F (N mR) is
235F. 275. [ 0054] On the other hand, by naking the flange

breadt h-thi ckness ratio B/ (2xt2) and the web breadth-thickness ratio
(H-2xt2)/(ti) greater than before, the h@ ght H of a cross-section and the
dimension B of the side in the rolled Hsection steel 1 can be 15i ncreased.
Theref ore, ewsrkswindring Yesiowets!ledhHereiwa stegls in whigh thgisidedeight rgtio gHt)y smal | er
than the flange thickness t2, the cross-sectional secondary nonment (I|) per
unit cross- sestcrdrinl7 aie plattechandshevs with ¥ maslul ustaplpf theraiesirdlicdng a bendi ng
stress can be nmade higher than a conventional case, to inprove rigidity
(especi al | y, Haseotiormostezlsshat@regpleticdsnd shasmaa FIGHhd Owet |  #rideknsanslasgived i1 ange
thickness ratio (t1/t2) can be nmade greater 20than a nunerical range shown
in JI'S G 319ZN (Eumpeart Sisndapip erontifted.t 0. 75 of the web thickness to flange
thickness ratio (t1/t2). Accordingly, in the present enbodi nent, the
| ower |inbt of theFldgel ishigedphebstitemnt] slaovwgeg thhaivedous selled dt-beoti¢rt sided Xhati s nade
greater than 0.75. [0055] 25In addition, since the efficiency of the

Cr 0ss- sect i oasl standardiaethinyENHRsHean Stastarddwitinthe dedianaih axioeitheifanget o wei ght
degrades if the web thickness ti becones greater than or equal to than the
fl ange thi cknassthitRickicherae B/t pldne sig venidafl dxisrsg ehet webdiceugasthichhdsorafiv 1/ t 2)
is set to less than 1.0. Accordingly, in the rolled H section
steel 1 of tg(ﬂwtgagnt IteRbBMeaRibm tis dappRrthafindhd onel Hyedtivgsteels t he web

t hi ckness and fl ange thickness ratio (02), 0.75<(ti/t2)<1.0 is defined (5).

[ 0056] belbRifi@RShIRIR@Id 1Ede ortiRSsnaNBred0 bR upper Viadil (Tuige fl@ké ed
H section steels 1 of the present enbodi nent set to various dinensions are

shown in ziﬁablbﬁea&haﬁlc@&émh@fs At g]dwhel@pp@f 1ith 1 1hBWRB biaih-thickiegs@rig RCt | onal
di mension, the side-height ratio (B/H), the flange breadth-thickness ratio

B/ (2x12), thegweb Rgiaadil; tﬁmzﬁm@mea ﬁtée&mﬁ‘l'—sltegf’étﬂ?e)t éu(etsla}ldarHlQ@d iein t hi ckness

to flange thickness rati o t2), and the cross-sectional performance are

shown in Tablé@tfrgpegé‘gghgérg)g@bioﬁed Add @‘Jgfllﬁqﬁc MA Pe h&%\ﬁﬁm@&%e rolled

H section st n-corresponding to the exanples Ato H of the

nvent i on ar ¢ AN LAIEYNFInd R TARLF2dDR Gy OMARLL WL XATRLESad L0 H

Addi tionally, ss S onal area ratio Cross-sect secon ary

nmoment r af[ ' O 2? quca% b%t é?lr}go&??{ W@}qq%t mstﬁ }oilg{HrEg(qfﬂlng Zﬁa't e

strong axis I he exanp I nventi on an conven onal

i £ on.%on RPRLRHRHEY b Qb Qe e ol R pr Pty o

br eadt h- t hi ckpes T has ont al i s.and, th

br eadt h-t hi clgﬂﬁ‘g dF%F'igg“ té%(EgH) {SE]e FQ%’P‘#%‘&%‘?”E&W@ of hte“feﬁéhlel?nﬁvsealndgf‘%% ance
(absol ute nu ) fromt ventional exanple A (to H) to the exanple A
(to H of th Tﬁﬁ’\‘i?ﬁf‘tﬂ‘b 1“55'5@& cul ated for the respective exanples, the

results are as follows. In the exanples A and B (travel distance>30 on the
25coor di nat e axes iB2&lhe horizontal axis: fl ange br eadth t hi ckness ratio
and the vertical axis: 25 web breadth-thickness ratiqg) of the invention,
it is understood tM&IvHE siicsdhe ugtber ofifall Serpria be Psaddtisrse cPRPRTEE [9Be orre

| arger as the travel distances (absolute nunber) of the exanples A and B
becone | 3P genumheof iaigssheans. if the weihhpsr bsanccangdereduced withat degradingige<25 on
the sane coordinate axes), i.e., the breadth and hei ght of a H shaped
cross- sect i oned@irederessseciiqnaBEPrEsngey! s 8osFibla e lereaily ety odhs Edvriient | onal
exanpl es to exanples of the invention Cross-sectional secondary nonment
rati o A 33. 3ofithe to@oBa m8intbogd@ ol stBichire even if the cost reduction per beam is small.

For example, if the weight of a small beam or the like can be reduced by 10% or
more, without reducing the earthquake-resistent performance of the beam, the unit price

25  of the beam can be reduced by about 10%. Therefore, not only can the cost of the main



1.17 D21.3 1.23 E 18.4 1.18 F 23.1 1.21 G 22.0 1.14 H19.7 1.14 26 Wb
thi ckness to flange thickness ratio rlf 11 COgtOgtOZL'O1tOL9.0 O..0
9.0 890 690 1790 LWDO 00" 90 90 EWD 49.0 00'1 49'0 Web breadt h-thi ckness
ratio 4/(tlxzZ-H zZ. L I 017 | 11

body of a structure be reduced markedly, but also the weight of the structure can be
reduced, and the burden of a pillar becomes smaller to the extent that the weight of the
structure is reduced. This also can contribute to improvement in the earthquake-proof
performance of a structure.

5 Moreover, compared to rolled H-section steels that are standardized in major
advanced nations including the U.S., Britain, Europe, and Japan, a rolled H-section steel
is desired which may be made lightweight for a small beam and which does not degrade
the cross-sectional performance. The object of the invention is to provide a rolled
H-section steel that is advantageous for solving the above problems.

10
Solution to Problem
[0029]
The following means is adopted in order to solve the problems advantageously.
(a) The rolled H-section steel related to one aspect of the invention is a rolled
15  H-section steel having a web and flanges. The rolled H-section steel satisfies the
following Expression (1) when H is the height of the rolled H-section steel, and B is the
breadth of the flanges; the tensile strength is 400 to 510 N/mm?, the rolled H-section steel
satisfies the following Expressions (2) and (3) when t; is the plate thickness of the
flanges, and the design yield stress of a steel material of the rolled H-section steel is
20  F(N/mm?).
(B/H)<0.77 (1)
11.1<B/2xt)<215/Y (F)  (2)
235<F<275  (3)

[0030]
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(b) The rolled H-section steel described in the above (a) may satisfy the
following Expression (4) when the plate thickness of the web is t,.
63.5<((H-2xt2)/1)<1100/4 (F)  (4)
[0031]
5 (c) In the rolled H-section steel described in the above (a), the plate thickness t;
of the web and the plate thickness t; of the flanges satisfy the following Expression (5).

0.75<(t1/12)<1.0 (5)

Advantageous Effects of Invention
10 [0032]

According to the rolled H-section stee! described in the above (a), even ifa
material in which the design yield stress F changed in the above range is used, the flange
breadth-thickness ratio of the rolled H-section steels belonging to the small breadth or the
middle breadth in the major countries can be specified easily and the cross-sectional

15  shape of the rolled H-section steel can be specified.

[0033]

Moreover, the weight of this rolled H-section steel can be reduced more than the
conventional rolled H-section steels specified in major countries such as the U.S., Britain,
Europe, or Japan. Moreover, the cross-sectional performance of this rolled H-section

20 steel can be kept greater than or equal to that of corresponding rolled H-section steels in
the thesecountries. Accordingly, according to this rolled H-section steel, in all the
countries of the world including the major countries, dimensions can be easily set and
applied.

Additionally, since the flange breadth-thickness ratio (B/(2xtz)) with the flange

25  breadth B and the plate thickness t2 of the flanges in the rolled H-section steel may be set
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to the range of the above Expression (2), even if the design yield stress F of a steel
material to be used for this rolled H-section steel changes, the flange breadth-thickness
ratio (B/(2x1,)) of the rolled H-section steel can be set easily.
That is, as for this rolled H-section steel, the dimensions of the H-section steel
5  are easily set from the relationship between the height H of the rolled H-section steel, the
breadth B of the flanges, the plate thickness t; of the flanges, and the design yield stress F
(N/mm?) of the steel material. Therefore, the cross-sectional area is reduced without
reducing the cross-sectional performance compared to conventional rolled H-section
steels, and a rolled H-section steel with a new dimension or shape with reduced weight
10 can be provided.
[0034]
Additionally, in the case of the above (2), the web breadth-thickness ratio
((H-2xt,)/t;) of the rolled H-section steel can be set to a predetermined range from the
relationship between the height H of the H-section steel, the plate thickness t; of the web,
15  the plate thickness t; of the flanges, and the design yield stress F (N/mm?) of the steel
material. As a result, the weight of a steel material can be reduced without reducing the
cross-sectional performance compared to conventional weli-known rolled H-section
steels, and a rolled H-section steel with a new dimension or shape can be provided.
For example, in this rolled H-section steel in which dimensions are set as
20  described above, the weight per beam can be reduced more than that of conventional
H-section steels by about 10%. As a result, the cost per rolled H-section steei can be
reduced, and this can also contribute greatly to reduction of the cost of a structure using
this rolled H-section steel. For example, if the weight of a small beam can be reduced
by 10% or more, without reducing the earthquake-resistent performance of the beam, the

25  unit price of the small beam can be reduced by about 10%. Therefore, not only can the
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construction cost of a structure be markedly reduced, but also the weight of the structure
can be reduced due to the weight reduction of the small beam, and the earthquake-proof
performance can be improved.
Particularly, when applying to rolled H-section steels for a small beam with high
5  versatility, the cross-sectional area can be reduced by about 10% more than conventional
rolled H-section steels, and it is possible to provide a small beam having a cross-sectional
performance that is greater than or equal to conventional cross-sectional performance.
As a result, it is possible to provide an inexpensive small beam, in which the
cross-sectional secondary moment can be improved by 15% or more to a maximum of
10 about 60%, and the section modulus is improved, so that at least the section modulus is
the same as before, and the best the section modulus achieves improvement of 15%.
[0035]
Additionally, when the dimensions of the roiled H-section steel are set by a
combination of the above (a) to (¢), even when the design yield stress F (N/mm?) is
15 broadened to 235<F<275 as the specified design strength of the steel material, the weight
per rolled H-section steel can be reduced by about at least 5% or more and a maximum of
about 15% more than conventional products, and the cost per one rolled H-section steel
can be reduced. Hence, it is possible to greatly contribute to the reduction of the
construction cost of a structure using this rolled H-section steel. For example, the
20 weight of a small beam can be reduced by about at least 5% or more and a maximum of
15%, without reducing the earthquake-resistent performance of the small beam. Hence,
the unit price of the small beam can be reduced by about 5% or more and up to about
15%. Therefore, not only can the cost of a structure be markedly reduced, but also the
weight of the structure can be reduced due to the weight reduction of the small beam, and

25  the earthquake-resistent performance can be improved.
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[0036]

This rolled H-section steel is optimal to a rolled H-section steel for a small beam
with little weight burden, weight can be reduced by about at least 5% or more and about
a maximum of 15% more than conventional rolled H-section steels, and a small beam

5  having the cross-sectional performance that is greater than or equal to conventional

cross-sectional performance can be provided. Hence, it is possible to provide an
inexpensive small beam in which the cross-sectional secondary moment can be improved
by 5% or more and a maximum of about 65%, and the section modulus is improved so
that at least the section modulus is the same as before, and the best the section modulus

10 achieves improvement of 20%.

Brief Description of Drawings

[0037]

FIG. 1 is a graph showing the relationship between a web breadth-thickness ratio

15  and a flange breadth-thickness ratio in various rolled H-section steels related to one
embodiment of the invention and various rolled H-section steels according to JIS.

FIG. 2 is a graph showing the relationship between a web thickness to flange
thickness ratio and a side-height ratio in the various rolled H-section steels related to this
embodiment and the various rolled H-section steels according to JIS.

20 FIG. 3 is a view showing the representative dimensions of parts of a rolled
H-section steel and is an outline view as seen in a cross-section perpendicular to a
longitudinal direction of the beam,

FIG. 4 is a graph showing the relationship between a web breadth-thickness ratio
and a flange breadth-thickness ratio in the various rolled H-section steels according to

25 IS,
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FIG. 5 is a graph showing the relationship between a web thickness to flange
thickness ratio and a side-height ratio in the various rolled H-section steels according to
JIS.

FIG. 6 is a graph showing the relationship between a web breadth-thickness ratio

5  and a flange breadth-thickness ratio in various rolled H-section steels according to
ASTM.

FIG. 7 is a graph showing the relationship between a web thickness to flange
thickness ratio and a side-height ratio in the various rolled H-section steels according to
ASTM.

10 FIG. 8 is a graph showing the relationship between a web breadth-thickness ratio
and a flange breadth-thickness ratio in various rolled H-section steels according to BS.

FIG. 9 is a graph showing the relationship between a web thickness to flange
thickness ratio and a side-height ratio in the various rolled H-section steels according to
BS.

15 FIG. 10 is a graph showing the relationship between a web breadth-thickness
ratio and a flange breadth-thickness ratio in the various rolled H-section steels according
to EN.

FIG. 11 is a graph showing the relationship between a web thickness to flange

thickness ratio and a side-height ratio in the various rolled H-section steels according to

20 EN.

Description of Embodiments

[0038]

Next, one embodiment of a rolled H-section steel of the invention will be

25  described in detail.
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[0039]

First, the representative dimensions of parts in a rolled H-section steel 1 of the
present embodiment and a rolled H-section steel 2 of a conventional example is shown in
FIG. 3. Reference sign H represents the height (mm) of an H-section steel 1 (2),

5 reference sign B represents the length (mm) of a side that is the flange breadih of
H-section steel 1 or 2, reference sign t) represents the thickness (mm) of'a web 3,
reference sign t, represents the thickness (mm) of flanges 4, and reference sign r
represents the curvature radius R (mm) of inner corners between the web 3 and the
flanges 4.

10 {0040]

In order to use the rolied H-section steel as a beam is a major application, the
relationship between the height H of the H-section steel 1 and the length B (hereinafter,
the length of the side is simply referred to as a side) of a side that is the flange breadth in
the rolted H-section steel of the present embodiment satisfies the following Expression

15 (1) similarly to the conventional case.

(B/H)<0.77 (1)

[0041]

As described above, the reason why the relationship between the heigﬁt H and
the length B of the side that is the flange breadth in the rolled H-section steel 1 is

20  specified is the same as the above-described reason in conventional products.  That is,
whether a side-height ratio B/H that is the ratio of the height H and the length B of the
side that is the flange breadth in the rolled H-section steel 1 is either less than 0.77 or
greater than or equal to 0.77 depending on the applications of the beam.  That is, since
the rolled H-section steel is mainly used as a pillar when this side-height ratio B/H

25  exceeds 0.77, and the rolled H-section steel is mainly used as a beam when the
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side-height ratio B/H has a middle breadth or small breadth of 0.77 or less, the present
embodiment has also adopted such a practical index.
[0042]
The rolled H-section steel to be targeted in the present embodiment is a rolled
5  H-section steel that is mainly used as a beam in which the side-height ratio B/H falls
within 0.77 or less, and the tensile strength of a steel is 400 to 510 N/mm” (the design
yield stress F of the steel material is 235 N/mm? to 275 N/mm?). That is, the targeted
rolled H-section steel is a rolled H-section steel made of steel materials which are
equivalent to SS400 (tensile strength is 400 N/mm” to $10 N/mm?®) in JIS G 3101,
10  SMA400A, B, C (tensile strength is 400 N/mm? to 510 N/mmz) in JIS G 3106, and
SN400A, B, and C (tensile strength is 400 N/mm? to 510 N/mmz) in JIS G 3136.
[0043]
In addition, the rolled H-section steel of the present embodiment is a rolled
H-section steel to be used in the elastic range thereof. For example, if the
15  rolled-H-section steel is used as a small beam, the rolled H-section steel remains in use
within the elastic range. Therefore, the required plastic deformation capacity of a beam
member is zero (plastic modulus 1.0), which is sufficient.
In this way, the targeted rolled H-section steel 1 in the present embodiment is a
rolled H-section steel to be used within the elastic range. It is considered that the
20  required plastic deformation capacity is set to zero (plastic modulus 1.0}, whereby the
flange breadth-thickness ratio B/(2xt;) makes the numerical range shown in JIS G 3192
or JP-A-2002-88974, i.e., the upper limit 10.0 of the flange breadth-thickness ratio
B/(2xty) into a minimum value. However, in addition to this value, the flange
breadth-thickness ratio B/(2xt;) is 9.4 in a graph shown by plotting various rolled

25  H-section steels of ASTM shown in FIG. 6, and the upper limit of the flange
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breadth-thickness ratio is 11.1 in a graph shown by plotting various rolled H-section
steels of EN standard shown in FIG. 10. Therefore, in the present embodiment, the
flange breadth-thickness ratio B/(2xt,) is made greater than 11.1.

[0044]

Similarly, the web breadth-thickness ratio (H-2xt;)/(t;) is a numerical range
shown in JIS G 3192 or Japanese Unexamined Patent Application, First Publication No.
JP-A-2002-88974. That is, the upper limit of the web breadth-thickness ratio
(H-2xt;)/(t;) is 56.6 in a graph shown by plotting various rolled H-section steels of JIS
standard shown in FIGS. 1 and 4, is 63.5 in the various rolled H-section steels of ASTM
shown in FIG. 6, and is 63.3 in various rolled H-section steels of BS standard which is
shown in FIG. 8. Thereby, since the upper limit 63.5 of the various rolled H-section
steels of ASTM standard shown in FIG. 6 is the greatest, in the present embodiment, the
upper limit of the web breadth-thickness ratio is made greater than the upper limit 63.5 of
the various rolled H-section steels of ASTM standard.

[0045]

As upper limits of the flange breadth-thickness ratio B/(2xt;) and web
breadth-thickness ratio (H-2xt;)/(t;} of the rolled H-section steel 1 in the present
embodiment, the web breadth-thickness ratio (H-2xtp)/(t;) is set to 71.0 or less because
the flange breadth-thickness ratio B/(2xt,) becomes 15.5 or less when the tensile strength
is 400 to 510 N/mm? and the design yield stress F of a steel material is 235 N/mm?®.
Here, the above tensile strength and the design yield strength are the limiting values
(similarly specified also in AlJ design criteria) determined in the Building Standard Law
(Notification No. 596 by Ministry of Land, Infrastructure and Transport on May 18,
2007).

[0046]
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As upper limits of the flange breadth-thickness ratio B/(2xt;) and web
breadth-thickness ratio (H-2xt,)/(t;) of the rolled H-section steel 1, when the design yield
stress F of a steel material is 235 N/mm?, as shown in Table 1, in AISC design criteria,
the upper limit is specified as 16.5, in BS design criteria, is specified as 16.2, and, in EN
design criteria, is specified as 14.0, and EN design criteria in Europe are the severest
design criteria.  From this, 14.0 is adopted as the flange breadth-thickness ratio B/(2xt;)
of the rolled H-section steel in the present embodiment. This value is generalized as

215y (F), using the design yield stress F.

When an allowable stress is designed, the web breadth-thickness ratio
(H-2xt)/(t)) of the rolled H-section steel is not specified in the AISC design criteria and
BS design criteria, but is specified as 124.0 iﬁ the EN design criteria. From this, in the
present embodiment, 71.0 of the web breadth-thickness ratio (H-2x1t2)/(11) specified in
AlJ design criteria is adopted.  This value is generalized as 1100/y (F), using the design
yield stress F.

[0047]

[Table 1]

Breadth-thickness ratio in various allowable stress designs

(When the design yield stress F of a steel material is 235 N/mm?)

In the case of allowable stress design (Reference)
Elastic local
All AISC BS EN buckling
*1 *2 *3 *4 theoretical
value
Flange
breadth-thickness | 5 5 16.5 16.2 14.0 183
ratio
(B/(2xt2))
Web
breadth-thickness 71.0 - - 124.0 56.2
ratio (H-2x£,)/(t)
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*1:  AlJ design criteria (Steel structure design criteria:  Architectural Institute of
’J*ZI?anz\ISC design criteria (STEEL CONSTRUCTION MANUAL: American Institute of
Steel Construction)
5 *3: BS design criteria (BS5950: British Standard)
*4: EN design criteria (EN1993-1-1: European Standard)
[0048]
If flanges and a web that constitute a rolled H-section steel are considered to be
10 aplate element and the elastic local-buckling strength oer and specified values in
respective countries are discussed, the elastic local-buckling theoretical value of a plate is
obtained by the following Expression (2).
oer=kx(*XE)(12x(1-vH)) x(t/b)  (2)
Here, k is the buckling coefficient, E is the Young's modulus, v is the Poisson's
15  rafio, t is the plate thickness, and b is the plate breadth.

[0049]

In the rolled H-section steel, when it is made ideal that the flanges are
rectangular plates with three-edges simply supported and one edge of freedom (buckling
coefficient k=0.425), and a web is a rectangular plate (buckling coefficient k=4.00) with

20 edges simply supported, in order for these elements not to cause local buckling up to
yield stress, oer=F is set, and the above Expression (2) is simplified as follows.

Since t=t; and b=B are established when (in the case of the flanges) the three-
three edges simply supported and one edge of freedom, (B/tz)=281/4 (F) is obtained.
From this, 18.3 described in the above Table 1 can be obtained as a theoretical value.

25 Additionally, since t=t| and b=H are established in the case of the edges simply

supported (in the case of the web), (11/t;:)=862// (F) is satisfied. From this, 56.2

described in the above Table 1 can be obtained as a theoretical value.
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[0050]

The rolled H-section steel has a cross-sectional shape in which lateral buckling
and bending torsion buckling tend to occur.  In particular, the flanges are the most
important parts in order to secure the proof stress of a beam. From this, the flange

5  breadth-thickness ratio is set a little more severely than the elastic local buckling. In the
case of the three-edges simply supported and one edge of freedom (in the case of the

flanges), the flange breadth-thickness ratio is 14.0 in an allowable stress design. Thus,
the value of X is obtained such that the value of (B/t2)=X+ (F) becomes 14.0, and is
generalized using (B/t2=215/y (F) and the design yield stress F.

10 [0051]

Additionally, in a beam using the rolled H-section steel, it is understood that
reduction in a full plastic moment caused by a shear force can be ignored unless the
acting shear force exceeds the full plastic shear proof stress of the web.  Therefore, the
web is formed as follows so that the web breadth-thickness ratio becomes a little gentler

15  than the elastic local buckling.

In the case of the edges simply supported (in the case of the web), the web

breadth-thickness ratio is 71.0 in an allowable stress design. Thus, the value of Y is

obtained such that the value of (H/t)=Y/Y (F) becomes 71.0, and is generalized using
(H/t;)=1100//(F) and the design yield stress F (N/mm?).

20 0052]
Accordingly, by specifying the relationship between the length B of the side that
is the breadth of the flanges, and the flange thickness t; as
11.1<B/(2x12)<215/{ (F) (3),

in countries that specify the flange breadth-thickness ratio B/(2xty), it is possible to
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provide a rolled H-section steel in which dimension setting is also easy, in small-breadth
and middle-breadth rolled H-section steels that have performances greater than or equal
to required cross-sectional performance, while reducing the weight of steel in a rolled
H-section steel with new cross-sectional shape.

5 [0053]

Additionally, in countries that specify the web breadth-thickness ratio (H-2x1),
as described above, the relationship between the height (H), the web thickness t) and the
flange thickness t; is defined as
56.6<(H-2xt:)/t; <1100/ (F)  (4),

10 when the design yield stress F (N/mm?®) is 235<F<275.

[0054]

On the other hand, by making the flange breadth-thickness ratio B/(2xt;) and the
web breadth-thickness ratio (H-2xt)/(t;) greater than before, the height Hof a
cross-section and the dimension B of the side in the rolled H-section steel 1 can be

15 increased. Therefore, even when the web thickness t; is equal to or slightly smaller than
the flange thickness t, the cross-sectional secondary moment (1) per unit cross-sectional
area and a section modulus (7) for resisting a bending stress can be made higher than a
conventional case, to improve rigidity (especially, around a strong axis).

Hence, the web thickness and flange thickness ratio (ti/to) can be made greater

20  than a numerical range shown in JIS G 3192, i.e., the upper limit 0.75 of the web
thickness to flange thickness ratio (t1/t2).

Accordingly, in the present embodiment, the Jower limit of the web thickness to
flange thickness ratio (t)/ty) is made greater than 0.75.

[0055]

25 In addition, since the efficiency of the cross-sectional secondary moment I and
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the section modulus Z to weight degrades if the web thickness t; becomes greater than or
equal to than the flange thickness ts, the web thickness and flange thickness ratio (t)/tz) is
set to less than 1.0.

Accordingly, in the rolled H-section steel 1 of the present embodiment, as upper
and lower values of the web thickness and flange thickness ratio (t;/t2),

0.75<(t:/t2)<1.0 is defined (5).

[0056]

In consideration of the above points, various rolled H-section steels 1 of the
present embodiment set to various dimensions are shown in Table 3 as Examples A to H
of the invention. A cross-sectional dimension, the side-height ratio (B/H), the flange
breadth-thickness ratio B/(2xt,), the web breadth-thickness ratio (H-2xtp)/(t;), the web
thickness to flange thickness ratio (t;/t2), and the cross-sectional performance are shown
in Table 3.  Additionally, in Table 3, various conventional rolled H-section steels 2 in
Japan corresponding to the examples A to H of the invention are shown together in Table
3 as conventional examples A to H.  Additionally, a cross-sectional area ratio, a
cross-sectional secondary moment ratio around a strong axis, and a section modulus ratio
around a strong axis in the examples A to H of the invention and the conventional
examples A to H corresponding thereto are shown in Table 3.

[0057]

In addition, on the coordinate axes shown in FIG. 1 in which the flange
breadth-thickness ratio has on the horizontal axis and the web breadth-thickness ratio has
on the vertical axis, if the travel distance (absolute number) from the conventional
example A (to H) to the example A (to H) of the invention is calculated for the respective
examples, the results are as follows. In the examples A and B (travel distance>30 on the

coordinate axes in the horizontal axis: flange breadth-thickness ratio and the vertical axis:

| ess
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web breadth-thickness ratio) of the invention, it is understood that the cross-sectional
secondary moment ratios become larger as the travel distances (absolute number) of the
examples A and B become larger than those of the examples C to H (travel distance<25
on the same coordinate axes), i.e., the breadth and height of a H-shaped cross-section

5 increase.

[0058]
Travel distance from .
Examples conventional examples to Cross—sectlonatll secondary
examples of the invention moment ratio

A 333 1.61

B 31.8 1.39

C 23.6 1.17

D 21.3 1.23

E 18.4 1.18

F 23.1 1.21

G 22.0 1.14

H 19.7 1.14
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C99 SEE 869 (SE 1799 VEl7
.9 894 Fl ange breadt h-thicknes s

Wb breadth-thicknes s ratio 11/ (9x Z-H)
51
cL |

519 6.91/ 9-179 894 569 6917
ratio 0.6mO0 t 9 9t 169 5.BE91ES EEL 108 5.7 |

[0062]
[Table 3]
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unmanin anp y aidung | Conventional exanple A Exanple A of the

i nvention/ Conventional exanple A | Exanple B of the invention |13 D dU eXa
| MLO111. 13AUC3 Exanple B of the invention/Conventional exanple B | Exanple
C of the invention | Conventional exdnple C Exanple C of the

i nvention/ Conventional exanple C Exanple D of the invention U 001.112X0
MUMMOM OD Exanpl e D of the invention/ Conventional exanple D Exanple E of
the invention Conventional exanple E Exanple E of the

i nvention/ Convgenti pndl| exanpl e E Exanpl e F of the invention ntlwexa

' comma/ nopl Bx@fipl € B pf the invention/ Conventional exanple F Exanple G of
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axis N . 1E, ESZ 61CZ 00'1 Cross-sectional secondary nonment ratio around
strong axis 117098 ISMVI' | Cross-sectional area <l ctott [CH 06.0 Wb
thi ckness and flange thickness ratio 56.0 590 Wb breadth-thicknes s
ratio g/ kt-H) 5.69 Clg Fl ange breadph-thicknes s ratio Ox6/u SEE 6.5
Si de-height ratio WE oto EU)

[0063]

As in the cross-sectional performance of the present embodiment shown in Table
3, the examples A to H of the invention are rolled H-section steels for a small beam. In
al_l of the examples, the side-height ratio becomes 0.51 or less, the flange

5 breadth-thickness ratio becomes 11.8 to 13.8, the web breadth-thickness ratio becomes

64.6 to 69.8, and the web thickness and flange thickness ratio becomes 0.77 to 0.95 or
less.

Additionally, if the examples A to H of the invention that are rolled H-section
steels of the present embodiment in Table 3 and the conventional examples A to H that

10 are conventional rolled H-section steels corresponding thereto are compared with each
other, compared to the conventional examples, in the examples A to H of the invention
that are rolled H-section steels of the present embodiment in which the web thickness t;
and flange thickness t; are made small, and the height H and the dimension B of the side
that is the flange breadth, it is understood that the cross-sectional area A can be reduced

15 by 10% to 16%, the cross-sectional sccondary moment (I) ratio around a strong axis can
exhibit a performance improvement of 14% to 61%, and the section modulus (Z) ratio
around a strong axis can exhibit a performance improvement of 17%. In addition, in
Tables 2-1 to 2-3, it is understood that the minimum of the side-height ratio (B/H) is 0.33.

[0064]

20 Additionally, as can be seen from FIG. 1, on the graph of the flange
breadth-thickness ratio and the web breadth-thickness ratio, it is understood that the
rolled H-section steels 1 including the examples A to H of the invention that satisfy
respective conditions of the above Expressions (1), (3), and (4) of the present
embodiment are rolled H-section steels in a region that can be clearly distinguished from

25  aregion of conventional well-known rolled H-section steels in Japan and other countries



Secti onal dinmension LUWcl uY1xTl xfix14 (E x)01xC6xCax089-H

H 600x200x11x17(x13) | Exanple H of the invention H eiclunxoteuonuanuo3
Exanpl e H of the invention/Conventional exanple H 32 [0063] As in
the cross-sectional performance of the pgesent enbodi nent shown in Table 3,
the exanples Ato Hof the invention are rolled H section steels for a
smal | beam {referniolFIGE. k hed.andhl es, the side-height ratio becomes 0.51 or

| ess, the flange 5 breadth- t hi ckness ratio becomes 11.8 to 13. 8, the web
br eadt h-t hi ckness Additiopalbeaurade swndroroFl§o2.on thngrapte! thievde gk p88s and

fl ange thickness ratio beconmes 0.77 to 0.95 or |ess. Addi tionally,
i f the exanp(H) #udthe melpthickhessitnflange thieknedsaatiogida)r isuadersioadbntthh st eel s of
the present enbodi nent in Table 3 and the conventional exanples A to H that
10 are convertledHaiccticnlsteeld IHndeditg the exinendéssh odi ptbp wentieg thahegatislo ar e
conpared with each other, conpared to the conventional exanples, in the
exanpl es A t conditiohs dfitke iahrweﬁt{i:ressicmhelt), (@) end @) bedic breg@tbﬂnmﬂilsclé@resromd t he
present enbodi nent in which the web thickness t] and flange thickness t2
are nmade smallksectivndicezén hedgipintthdticaniet dldwely distiegmsshed fiBmafregiheosi de that is
the flange breadth, it is understood that the cross-sectional area A can be
reduced 15 byonk&¥ichal wWdblknotvhgoltddassecaad ttecdial Jajaad dékeyconmmnentefédth rati o
around a strong axis can exhibit a performance inprovenent of 14%to 61%
and the sect Frys.npAYl &R (%) ratio around a strong axis can exhibit a
performance inprovenent of 17% In addition, in Tables 2-1 to 2-3, it is
under st ood t hat th@idﬁﬁdﬁhl@ﬁ%éﬁnb%h&n&tdﬁeﬁb@d:gm F168] Dard, e rbited0. 33. [ 0064]
20Addi tionally, as can be seen fromFIG 1, on the graph of the flange

br eadt h- §§i ckn@sson'sekl pwaasg@ difighsiabarb s@adimtht PicsdananBodiadit @xhibits 4 S
understood that the rolled Hsection steels 1 including the exanples Ato H

of the !nven%d ?eem?*aﬂéeuéﬁtckésﬁ Xedh@]%?E&Ifdr}ﬁ%n&(bﬁﬂﬂpﬁk@{bsthé)50rﬁv@1ﬁioﬂQOVe
Expressions (1 , e present enbodinent are rolled

H-section stegefSnbwh Fbll’é& %g& dihalpcan be clearly distinguished from 25a
regi on of conventional we known rol I ed Hsection steels in Japan and

ot her countries gérefer to FIGS. 1, 6, 8, and 10). Additionally, as can
be seen fromFI G nthe graph of the side-height ratio (B/H) and the
o o i oeeti o UHENOSARLRSERD dAE LRkl pblfodBaliIAEAR el bithe | DO

rolled Hsection stee rncludrn exanp 0 I nvention
that sati 5condi ns of he a of the
pr esent égrboﬂfeﬁ%‘ﬁ?mg?ao ?rglap sec cﬁqglﬁé&%@@&?kvﬂ&?thﬂéemf{cﬁ)de %ntqr egé)ﬂ:
clearly disti vent rolled
H section st8gg'§e gﬁéﬁ&ﬁ%ﬁg e&‘g Slﬁrfl l&C’J(hre OeVFe O‘EF%% , 7, 9 and
11). Additionall cap be se from Tahl.e
rol | ed 10H s&OFY %/?ﬁt‘%‘l%%qr OWWSQE%S ERARITSS Qﬁéheff%seg efnbgéa}sr?eﬁtllflﬁé a%rvghseéent
enbodi nent exhibits a markedly excell ent cross-se rmance
conpared to thespecsfiffelssiepiean (Pftm%h“ﬁa@F‘P@Wé ??%E gﬁs"é‘ﬁ e 0065] FI G
1 and Table 3 show the cross-sectional performance of the exanples of the
15pr esent emwmmciﬁancif@ddmwnﬁh%w ioavmme s withleydessribed deci f i ed
design strength F of a steel material is 235 NNmmR. Next, simlarly to the
above enB6di wempsrisoihte thy amsetionalicsmapleper f or mance of the exanpl es of the
present enbodi nent in a case where the specified design strength F of the
steel material (N[@0&)] i s 235F. 275 and the concrete specific specified
design strength Fis 275 Nm®2, will be described, in 20 conparison to the
conventi onal exanphedesci@@@bdve, if the rolisl-ldasdion bteel fabrosnerll iekmtigwelopted, the
roll ed-H section steel for a snall beamis adopted, the rolled H section
st eel remai nsolicd HisRtiM dtdnil Fenid® ie b stitidn thaestic rilger eflbereford, He reqdrad r ed
pl astic deformati on capacity of a beam nenber is zero (plastic nodul us
1.0), which ipms@bsesdriiatbrtipacityesia @eant hembengeao ylasiditvduls cRpedschriat i o and
the web breadth-thickness ratio

25 sufficient. Hence, the flange breadth-thickness ratio and the web breadth-thickness ratio



34 are made greater than the numerical ranges (the upper limt of the

fl ange breadth-thickness ratio is 11.1, and the upper limt of the web
breadt h-thickness ratio is 63.5) shown in JIS G 3192, JP-A-2002-88974, EN
standard, or ASTM standard. The upper lidits of the flange

breadt h-thi ckness ratio B/ (2xt2) and web breadth-thickpness 5ratio

(H 2xt 2) / (t i yregpade geeaepihpp thepumaries! mrest @e upperilipit Hhgilargent enbodi ment |
may satisfy the limting values determined in the Building Standard Law
(Not i fi cati ohrerifh-thiggetnrang isildd r andghe uppadlimi pf the seb brepdihdhigkigssTatithis port  on
May 18, 2007), and satisfy Al SC design criteria, BS design criteria, and EN
desi gn critepdd) shpwatn JI§, Md&héﬁoﬂ%ﬁ@MeE@ﬁﬂMWﬁ§Th’8ﬂ§afldéfd51@hq\V e
(the specified design strength F of a steel material is 235 10N m®), the
fl ange br eadupper Hinitk nBthe flargeibocaByh¢thickimess fagio B stk dndnvebbraadiighicknes9 15, r (F)
(i.e., less than or equal to 14.0), and the web breadth-thickness ratio

( H 2xt 2) / 6t 1 yatiofHF8/(th nltheoo!leskfdiatctivo siedl00h FeMrestit.cebodimess mak satisbr  equal
to 71.0). Thus, when the tensile strength is 400 to 510 NNmm® (the
speci fi ed desliedimiitg ehgs detErnaificdoin sheclRdildivegt Stanidadd Liasy (MBEfifatiA HoNfIoi®) , and
the design yield stress is F, the flange breadth-thickness ratio B/ (2xt?2)
may 15be | esMihb@anotrandgufhstiuotuzldmb TednpporasrdvViton €8, Red7) band aaliisfy AMN(Ckness
ratio (H2xt2)/(tl1l) may be less than or equal to 1100/ 1(F). For
exanpl e, whedcdifiecrilei B8 dydigl ditGial SRSEN déstgnd:fiferill NRat i, nbied thangsile

breadt h-thi ckness ratio B/ (2xt2) may be |l ess than or equal to 215/1275
(i.e., less haptok 460110 Nmk2 (189 spedifidd éspnwabnditi Badh hedl Matdtiabisg35 ati o
(H2xt2)/(t1l) may |ess than or equal to 201100/ F(275) (i.e., less than or

equal 10166. QmmPPBL flange breadth-h&nésRkdiRB/AHEF &L Maf bEEIuaPRA 151T@F)di EENSI ONS
of the parts 1n the present enbodinent in which it is required that the

desi ield F h ; i al. i

deet 90 11 L S,351E55 Gy TP 1 ph RTS8 ) gl 062585696 o

H ti t eel d in which th | at | i p.,bet t he hei ght
e el B P st e B RSP ARERARR A 1 P

H section steel is 5(B/H$0.77(6), the tensile strength which is 400 to 510
N m®2, and t [xet00eb 40 Nmghi (hebetaifiaidesige sirangtitfhol® sofel mhterigliisldd Sshig2he 1 ange
thickness t2 is defined as 11.1<B/ (2 xt2)215/r(F) (7). Addi tionally,
dependi ng on N/inm’y ambthe designlylidid strdss B8t tholasgechetadtiathichacsa doiptBE@ < t,haby
satisfies 10 the above conditions, and in which the relationship between

t he hei ght Hpands thBEoMRRallth D CHTREE ahd the 336 bicd@hfthidii@ss rulld GkDeSH(LY Aals
defined as 63.6<((H 2xt2)/t1) 1100f1( F)(8), (where F is the specified design

strength (N f the ste rial and 235 F275). Additionally,
dependi ng onrﬁ?ﬁé’)s@3%8{eq3§1rt%ﬂoggﬁk‘65ecti on steel may be adopted 15t hat
satisfies the above conditions and in whjich the relationship between the
web thickness t1 affdckaepie. vdiegdhedssigh wisldstiey | ig 24 | t,ibetéﬁ%@i.ow). [ 0069]
For exanple, in a case where the specified design strength-F of a steel

mat eri al 20i readb-thickness ratin B&R >t }reayckereisthaoms capbiord 1p6d2 BHbe-elessthat Gus
rolled Hsection steels 1 of the present enbodi nent set to various

di mensi ons arkguad kOMID)] dhd Tiedowéb Kheatsh-Txakinds egioAHE Dt (QF miyhiess thanentelimi to A
cross-sectional dinension, the side-height ratio (B/H), the flange

br eadt h- bigi ckngss A Q. Bk hahd) equal@ e6®Y breadth-thickness ratio
(1-1-2xt2)/(tl), the web thickness and flange thickness ratio (t1/t2), and
t he cross-secti ona]lg gﬁrfor mance are shown 36 in Table 4. Additionally, in
Table 4, various c A ntional rolled H section steel 2 corresponding to the
exanples A to H of _the eigﬂlientj 0 ent i.onal

n_are.t.,oget her sh as .cqnv
exanpl es A to H Al PIgHASESD te%ralﬂgihegglg?qsgﬁgf)ﬂr aP E|"'§S,mae 155 sect i onal

secondary nonent rati.o around a strong, axis, and a s I On ulus ratio
around a SStFH‘rl?ﬁd’HS‘éFtsmiwﬁm?‘H‘e‘S é{\-ﬁf{@%‘qﬁ? ?eﬁlgplybeflg?tﬁés f w&m?gﬁg%%&t he
conventional exanples A to H corresponding thereto rcle shown in Table 4.
38 Section noeAr@sasessiived ahave iistss BIRFSZ/S N, are set as follows.



LI Z 181 or LVE LIE 60.1 515 184 L 46L ILL EO.1 Z6IL EL 1 ZzO L 005 L Z9171
0! 5161 ZL81 ZIT I Cross-sectional secondary nonent ratio around strong
axi s 6L6Z 9081 591 18E5 596E 9E L csa 60ZL It | 18851 OO5E1 81.1 awnl
23457 61" 5006E 32887 61.1 54572 35

[0068]

A rolled H-section steel may be adopted in which the relationship between the
height (H) and the length (B) of the side that is the flange breadth in the rolled H-section
steel is

5 (B/H)<0.77  (6),
the tensile strength which is 400 to 510 N/mm?, and the relationship between the length
B of the side and the flange thickness t, is defined as

1L1<B/2xt)=215/ (F) (7).

Additionally, depending on the case, a rolled H-section steel may be adopted that satisfies
10 the above conditions, and in which the relationship between the height H and the web
thickness t;, and the flange thickness t; is defined as

63.6<((H-2xt,)/t)<1100/ (F}  (8),

(where F is the specified design strength (N/mm?) of the steel material and 235<F<275).

Additionally, depending on the case, a rolled H-section steel may be adopted

15  that satisfies the above conditions and in which the relationship between the web
thickness t; and the flange thickness t; is

0.75<(t1/tz)<1.0 .

[0069]

For example, in a case where the specified design strength F of a steel material

20 is 275 N/mm?, under the conditions described above, various rolled H-section steels 1 of
the present embodiment set to various dimensions are shown in Table 4 as Examples A to
H of the invention. A cross-sectional dimension, the side-height ratio (B/H), the flange
breadth-thickness ratio B/(2xt;), the web breadth-thickness ratio (H-2xt2)/(t;), the web

thickness and flange thickness ratio (f;/t;), and the cross-sectional performance are shown



L L8917 Lt.! Cross-sectional area <!, LWZ L9.9Z 76.0 54. EE L6. 9E 060
8VWEV 8C94 460 14'85 16t9 E6'0 58.5L LEES 160 56.88 4'56 60 9CEO | gni |
Z6.0 Web thickness to flange thickness ratio zv't 060 690 EWD 49.0 ZCO
WD 49.0 EWD 29.0 58.0 36

in Table 4. Additionally, in Table 4, various conventional rolled H-section steel 2
corresponding to the examples A to H of the invention are together shown as
conventional examples Ato H.  Additionally, a cross-sectional ratio, a cross-sectional
secondary moment ratio around a strong axis, and a section modulus ratio around a

5  strong axis in the examples A to H of the invention and the conventional examples A to H

corresponding thereto are shown in Table 4.



490 980 9'0 Web breadth-thicknes s ratio 11/(z1xZ-H) 6'85 c¢'EE 945 LSE
PEP 1 65 _ 6.917 09 8917 85 6.9t. 019] 8'94 Flange breadth-thicknes
s ratio ktva axt 9 5t1 _ 69 FE6516L05.Z21 ES 571 08

37

[0070]
[Table 4]
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Exanpl e G of the invention/Conventional exanple O Secti on nodul us around
strong axis N 1 82SZ 61SZ Of Cross-sectional secondary nonment ratio around
strong axis 1,90 78992 (-SM Sffl Cross-sectional area a Th, 124.90
1E1E1 S6.0 Web thickness to flange thickiwess ratio CVII LWD S9.0 Wb
breadth-thicknes s ratio 11/(z1xZ-H) Z.09 ctc Fl ange breadt h-thicknes s
ratio zhi 0_ fl  [007I]

As in the cross-sectional performance of the examples of the present
embodiment shown in Table 4, the examples A to H of the invention are rolled H-section
steel for a small beam. In all of the examples, the side-height ratio becomes 0.51 or less,

5 the flange breadth-thickness ratio becomes 11.3 to 12.5, the web breadth-thickness ratio
becomes 58.5 to 61.0, and the web thickness and flange thickness ratio becomes 0.79 to
0.90.
[0072]
Additionally, if the examples A to H of the invention that are rolled H-section
10 steel of the present embodiment in Table 4 and the conventional examples A to H that are
conventional rolled H-section steel corresponding thereto are compared with each other,
compared to the conventional examples, in the examples A to H of the invention that are
rolled H-section steel of the present embodiment in which the web thickness t; and flange
thickness t; are made small, and the height H and the dimension B of the side that is the
15  flange breadth, it is understood that the cross-sectional area A can be reduced by 5% to
10%, the cross-sectional secondary moment (I) ratio around a strong axis can exhibit a
performance improvement of 5% to 65%, and the section modulus (Z) ratio around a
strong axis can exhibit a performance improvement which at least the same as before,
and the best achieves improvement of 20%.
20 [0073]

The rolled H-section steel 1 of the present embodiment can also be applied to a

small-breadth beam, a middle-breadth smal! beam, and a middie-breadth beam in

addition to the small-breadth small beam.

25  Industrial Applicability



6.S Side-height ratio Hf1l 11770 EEO Sectional dinmension WV OxYIl x
9x8xH H 625x275x10x11. 5(x13) H 600x200x11x17(x13) Exanpl e H of the

i nvention Conventional exanple H Exanple H of the invention/ Conventi onal
exanple EIl 40 [0071] As in the caross-sectional perfornmance of the
exanpl es of the present enbodi nent shown in Table 4, the exanples A to H of
the invention are [P8l4led H section steel for a small beam In all of the
exanpl es, the side-height ratio becomes 0.51 or less, 5 the flange

br eadt h- t hi ckness Aepidngde deriaxentiqn, gompargdtogolladidsigeipn BFA AL K- t hi ckness
rati o becomes 58.5 to 61.0, and the web thickness and flange thickness

rati o beconestadaidizedan Mapo adyapeAaptiggdialiireathe |, S.i BriteineEwqpgrprdlapa. ito |1 of
the invention that are rolled Hsection 10 steel of the present enbodi nent
in Tabl e 4 afsbossiele coproent # orilail Heseatigul sées] that i made tede lighieveiebhips asinathal
rolled Hsection steel corresponding thereto are conpared with each other,
conpared 50 bhken aehicenhitdnghdeehaopbsesstional penerrexaepl es A to H of the
invention that are rolled Hsection steel of the present enbodinment in

whi ch the web thickness ti and flange thickness t2 are nade snmall, and the
hei ght H and the dinension B of the side that is the 15 flange breadth, it
i S under st oo®Refdake 5igas Cisoss-sectional area A can be reduced by 5% to 10%
the cross-sectional secondary nonent (1) ratio around a strong axi s can
exhi bit a perfornemegs]i nprovenent of 5%to 65% and the section nodulus (2)
ratio around a strong axis can exhibit a performance inprovenent which at

| east the sane as pefiyird HeketidnhcbetreRETERYREMERPr ovenent of 20%

20[ 0073] The rolled Hsection steel 1 of the present enbodi nent can
al so be gpplied toy.a cimbliohilead-bRaom sidelni ddl e- breadth small beam and a
m ddl e-breadth beamin addition to the small-breadth small beam 41 [0074]
According to the ifvegty on, conpared to rolled H-section steel that is
standardi zed in nmgj or advanced nations including the U S., Britain, Europe,

and Japan, it i.S A ible to provide a rolled Hsection steel that is
made to be |ightweight tor a small 5beam and does not degrade the
cross-sectional performance. Reference Signs List [0075] |I: Rolled

H-section steel of Present Enbodi nent 102: Conventional rolled Hsection
steel 3: Wb 4: Flange 42



CLAIM5 1. Arolled Hsection steel having a web and fl anges, wher ei n:
the rolled Hsection steel satisfies a follow ng Expression (1) when His a
hei ght 50of the rolled H section steel, and Bis a breadth of the flanges; a
tensile strength thereof is 400 to 510 M2m®; and the rolled
H section steel satisfies follow ng Exgressions (2) and (3), when a plate
t hi ckness of the flanges is t2 and a '“éiﬁ yield stress of a steel
material of the rolled Hsection steel is F (N mR). 10(B/ H$0.77 (1)
11. 1<B/ (2xt 2) s215/1- (F) (2) 235F275(3) 2. The rolled H section steel
according to daiml, 15wherein the rolled Hsection steel satisfies a
fol | owi ng Expressi bn A )led\Henctipnsicakhavingia svehasd afecs.waergb i s ti
63. 5<((H2xt2)/t1)1100/r(F)(4) 3. The rolled Hsection steel according to
Clai m1, 20wher ei nthargledHesettmnclaabstisfies addllopies Fansessiag (Divdiep Has a heightckness
t2 of the flanges satisfy a follow ng Expression (5). 0.75<(t1/t2)<1.0(5)
5  of the rolled H-section steel, and B is a breadth of the flanges;
a tensile strength thereof is 400 to 510 N/mm?; and
the rolled Fl-section steel satisfies following Expressions (2) and (3), when a
plate thickness of the flanges is t; and a design yield stress of a steel material of the rolled
H-section steel is F (N/mm?).
10 (B/H)<0.77 (1)
11L.1<B/xt)=215/4 (F) (@)

235<F<275  (3)

2. The rolled H-section steel according to Claim i,
15 wherein the rolled H-section steel satisfies a following Expression (4) when a
plate thickness of the web is t.

63.5<((H-2xt)/t)<1100/y (F)  (4)

3. The rolled H-section steel according to Claim 1,
20 wherein a plate thickness t; of the web and the plate thickness t; of the flanges
satisfy a following Expression (3).

0.75<(t:/12)<1.0 (5)



