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CHAPTER 1

Figures and Tables



A : mild steel B : high-strength steel
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B e |

C : high-stength steel D : high-stength steel
flanges connected with low yield ratio

by mild steel web

Fig. 1.1 Present sections
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[ : mild steel flanges II : plates on web
connected by
high-strength steel

Fig. 1.2 Proposal sections
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Material properties

Table 2.1
Test-Piece t Oy Ou E Bt oot v YR
(mm) | (Yem?) | (Uem?) | (fem®) | (Yem?) | (%)

SS400 6| 347 4.09 2180 - - 0.273 0.848
S5400 91 297 4.67 2200 35.5 1.7 0.275 | 0.636

" SMS70 6, 5.19 5.93 2128 21.1 1.7 0.267 | 0.875
SM570 9, 536 6.03 2065 22.0 1.8 0.282 | 0.888
HT780 6| 7.00 7.70 2085 214 1.8 0.285 | 0.909
HT780 9| 838 8.87 2095 18.6 1.5 0.279 | 0.945

Table 2.2 Dimensions of specimens of beam

Specimen web plate | flange plate (rrf;n) o - Myt
x voyw/E | x voyl/E (t cm)
BS-4-4 55400 55400 600 0.962 0.324 545.6
BS-4-5 S§400 SMS570 600 0.962 0.413 1072.3
BS-5-4 SM570 SS400 600 1.143 0.324 5533
BS-5-5 SM570 SM570 600 1.143 0.413 1057.6
BL-4-4 S$5400 55400 900 0.962 0.324 542.7
BL-4-5 S§400 SM570 900 0.962 0.413 1058.3
BL-5-4 SM570 55400 900 1.143 0.324 5553
BL-5-5 SM570 SM570 900 1.143 0.413 1047.0
BL-4-8 SS400 HT780 . 900 0.962 0.473 1788.9
BL-8-4 HT780 55400 900 1.394 0.324 549.4
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Fig. 2.15 Deformation of BS-4-4
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Fig. 2.18 Deformation of Bl.-4-4

Fig. 2.19 Deformation of BL-5-5



7z
AT TS
T T TS
i ,-:-‘.~ ”’ """l Y AT %
et g ?l?.gﬁ'-‘h@ﬁg-l
-

A %*giwﬂ?mﬂ A XA A
o e L A AT T A B
T l panuuss

Fig. 2.20 Deformation of BL-5-4

.&'
e
oAl
R

Fig. 2.21 Deformation of BL-8-4



W W W W

2
.3 Mk
4

WM 2 W2 HIBR mE o
2 % S JRE Jr e R

LI

LA T e S A 2

-1 R
.2 BRI RRETE

RIAEEMSERRIZ 3 1) D RERARZE e 40 B D8RR R R S Ptk

o1 frEHZENIBRLR

[P R

i 7145 4k /6) i

RAERENTIZ & D WUEME 2 52 1) D MR EE SR D
LA RV VN

1 BRfRATEE
C 2 HEEREEER O SAREROM ESE

£Lw



3. 1 I ’
AETREEERED 2R VKV, A—HHACEREMHM 2 ML
EHEOERREERMERZBEL, AHRERTRETI AL T Y v
K mOFHMEERL, BEHM~EAT I b0 EHOEHEBD
TExEMET S, GRERE, AT OIHERBEIWBRTHLY,
BEROHERRABEBEERIBIRST . HE LT I2HMHUOMA E
i, ZEREOHEM A VEAREMAEEET R o, WR—@EEL Y A
ZHMEOoHBRENRSZILET, HAKOHREVWIR LDOIEEZ2BEL
ke MY = 7RELZORBE2E X252 L THELEELS &,
REBHOMAECOEVEEAETEB LDV TERLE. £k, W
HEBHEBEOZAANVF -—BEEHIELELShEHN, ZFN ¥ -
W AR ETIERELCR N ERE, BWEXR, B HEHEaE
BhFonsd., Mz, BOoMHOLAE, @HREzAL, BHEHIL
NEEERP2EM B XA X - REIAEEL, Ehiifien
2%, COBAPLISDOERERF T2 2 L THRAKHMMEEL N
BTEXD., 2OdHHEEOCTENEML LT H ERE, ¥
EBICMASEABECOVTHRHALE. Sbic, ThboER%
Bk xfe T, BUMEAKERBBRIEHAVEBEM k. MK TRI,
ERBRONESANCEEL, RYBEOMEREZELIRAL L.
IORRBREMERBIVCEFCALLEEBMENZ S Lit, &k
DEIVHEHOMAREZERL, BEHiO>V TSR ¥— 1Nk

NieERTHEMZHEBRTE D,



3. 2 HHEEREBRBEHE

3. 2. 1 @HH#EH

ERCELUDHEHBMOBBNEE LA DY, BHE, RE
TeodlmBRETR >, AL LH#HMIE, &#M (SS400) B
YU BB AOM (SM570, HT780) TH 2. BlIRABRIZ, AEBK
EHERELEA 0K IVBRIVBHLET I SHERBR1ISARBRAEZH
WTHigolkk, EFREMHOBEREZLOBMBMNWMEE Table3. 1
AT . BERFPREBOWTHWERE R, oy: BRIEHDE, ou: §
RE, E: ¥ /g, Est: OFTLBELBDE, est: OFH M
EBMBOFHR, v BT YV, YR: oy/ou TRbEh 3 KK

ktf:&éo



3. 2. 2 HNHBEEMEBRIMM

RBE, AL CHBEHRBRHATHY, HER, BXOBEER
EBoflicedby, HEEOIMHEL, WmEIZ, MERZESET,
RBRAEOPLEBLER TSI L5BMMI2E L. KBREEZY =7
BE2EABCLickY, WAHRORZS 2 ) —XEMEL .
WMEE Y, WEERE , A E2150mm, 75V REZImm
O HEZEELE, V=27 HRERXCTLYY —XT6mm, CF¥V
—XT9mmé&lk.

XW50) ik, 73Uy VRBEBRIHETOIY =T 08 KES N,
R (3.2.1) TEDLEINDLIRIA—FZZIVBEBEINRDZ ENR
EhTWnd,

K=(B/H)- (tw/tf)> « « « « « « « « « (3,.2.1)
ZZT, B: 772y, H: WALy, tw:v=7HKE,
f: 7S VHECHD., CORTA—FKiciE LR 0.4025%
FL, T EDETHRBWEAEAIZFLLARDLLTWS, FEBR
CRBRVWTE, CTYY —XZorREcELTRBLT, CFTVY
— AR ELEREEBELATVWD., REHMMZzENT DI L, HHEBRTR
bhEhdZRFTA-Z2BPIOLERBEZIALCHEAETD, 77V RE
BRIZNNT D227 08B CENIEZLN, WEHEENMBMBHKCEEN
EhdLEXD. AWRIFT, BDbR 7SR EEBRIZHT DIV =
TORE #IMoORELEL2RESTDZLEABNELTVWDIED, 75
VIOBER—-REE L, VT HEEZEEALEI Y. BEXKZELTYL,
TS UV THMBERHAE ORMEMETFTREY, v 7 THMME
WHBERHES TR EEETEIZ ISBRELTW S,

RBUEOMBBRETable3. 2, BREFig.3. 17”74 . 2B,
EP AT HELEH B ER e AR LESHERLLTH Y PyiE &
RTEDENIBRMHETD 5.

Pp = 20yf-Af + oyw:*Aw e e e e (3,2.2)



rri, Pp: &M h, ayf:79‘/*}#ﬁ§§@%4ﬁmb§,

Af: 75 vy HmH, ayw:?m7’$ﬁ§%@l§f&&ﬁﬁﬁ, Aw :

V7 EHEETHD.

RBREACRAVE2DODETRNOK TR Y 7HELZEL, #

OBFR 75 Yy VHBLERLTVWS., 88TV L THMEIZ, 4

$S400, 5 : SM570, 8 : HT780TC&® % .



3. 3 ﬁ&&ﬁ%%&cﬁHéﬁ%bﬁ#ﬁ%ﬁ%tﬁi@ﬁﬁi%%ﬂﬁﬁ
N |

3. 3. 1 wWHEEMLHEK
Fig.3.2RCTY VU —XomBEMNBEHKRZRT. M HiZ, £
WHEZHEORCLI- THRLEEHEREHDETRb L, £BI1Z, @
MARBREZEMEZL I TRLEEFHEROTAE TR LE. X7, K
FoERRBREOREAMIOAZVAITCRLTWVWS., 727529 - 9=z
DEBRBERLIDA—O0HBELYRDICT-4-4LCT-5-5%MLK
T BHE, BREMAEBEALELCT-4-47Ti3, SHHEGEE2ELLZE O
A HBRICEDETCOBIKE, EBIBALTVD., ZhicHl, &
WO ZMERALEZCT-5-5TlR, REBRZ2ELEZOR KT D
HIZEDZETCOMOERENL/NE W,

75y - vz O0ORREBERCELZIHMEEZEN VTHAEDE R
Bz o>wWTik, CT-8-4, CT-5-4, CT-4-4%KkR3%3L,
EAWMAEZ, vz R0 EBEREAEOLOZFEHLEDDTH
We L2L, THHoO0RBRUBEORKNEWEOEAHMIZIZTE —ET
BB, TOBRHPTCT-5-41F, RMOALYRDCT-4-4°LH
MLEEHEL2RLTWDS, ZACH L7 V0L BEIE LM
MLECT-4-53F, WBRIABOA LYV 2D CT-5-5LHPLT
Wb, 7250 VeEET2TTRAVCVIEMOBRIENERRIIBFBERER
ERRVEHAER, 750V RENMLEEMAPRAUEBRAER L TIEIE
HLVWHERZATYE, V2T REATIMMOBRIENDEXE VIZ
EERKM A RE®RLS 22, EHLRCT-4-80M hXEBD THWLI,
VT RAVERAMCERT, 75V ienlz) BvkRENE 2
ﬁTé%%ﬁ%%%V\fc:kkclé%mf, Vo7 OB HES
RMEBERELIOIMABEBTE2M L, 758 EBERTL2ETHREN L
ALTWVWS D ThHd. L2PL, TOBOWMEBEBETIEZETH D,



Fig. 3.3 V=7 REOEVWCF YY) —XOoWBEBLUNEZ A
T, AREEXEOHMMOBVCHE> RAHH, ROERBE HhoER I,
CTY YV —Xt@EERBRZEmMZRLTWV D,

BREH#OHFHBOMAYBERZLCT YY) —XECFYY —X2HET
5L, 2A2TOHMEBERBIEZBVWT, CEFEYY—-—X0RBREDO R KW I
NDEBRIZ, CTYY) —XOoRBREOBRKRKWM O OLERER LY B M
LTS e @Rdobhdzy, zofimExadEoladtic Ly B
RoTWwd, FOWMTS, 7509 - =7 O0OmMBERL S IT KM
EPHERALECT-4-4LCF-4-4oBTcmmBEBEMERI #IK
EL<EKRNL TV, WREZLbmBRIMEHEHLECT-5-5¢
CF-5-5Tik, RKEr2R3Fvohlv., WHRERLEKH#HAZ M
WERBHROFLHHBRZLERMDELZHA OV ERABE LV L, T
THREZELSTD3Z2LREV T 2T REDZ 77V ~0H8KMEMH
BL<RY, BAMIOINOERENBRTILILREDEEEND .,

¥h, 7720,y 7 THEORRLIRBRETR, 75 VK
mRABERY, YT BEEZHVECT-4-5LCF-4-5¢
DEPBHD TRKELBR>TWVD, CT-4-5BERIMOAKE LY R
52CT-5-5¢ 8P LEEHE2RAL, CF-4-5238MOKR LY R
LZCF-4-4HPLEEHEZARLTVWDS. ZOo@MBEOME LS
Tk, ZokShhv==THEOECHES BEELY, iz, H
FMOBRXTHDI2 77 Y VIRERIMHTISOZA Y, 7= 7T
MEMHWECT-4-8LCF-4-80MT%, CT-4-5%¢CF
45 LOMIEALRD XS B Y = T HEOEALIC S H &L
MOoOBNVBZELL TRV, BHMZHERTIREROBERIE DK
BAEWRECE, Y=/ HECIVMBELEMBBIC RS 2B EN
ENEZBANDEN, BRIENEOENKE VS A 12 B RIE N B
DRELZEAMZRAVCVET7ZSVVRBEOFERRELS V=TT RE%
EEETH, TOoHRIERLIZL V.,



3. 3. 2 W®WhER®

Fig. 3. A2RBUhoM D EARERT., 22 TR, 757
BRIENTI2Y 2T o0EZ2RIT DD, V=27 WERTEHA
L. 2B, Vo7 BERIE, FARAMOMBEE b ERL L FM
EEHLTEbLEZ. WMOAEREKIZ, £BIVHELIREEERWM AP
max%ZRA (3.2.1) TEXLEIhDIPy REVBRLEDLDDTH D,
M, MTHAZDb DD, 793V PRAVERBMPELVLVLDOT
Y, EHBMASS400M H, WK S MSTOMM, — & HEHE
HT780## TH2. A2EBTR, 73 v IVHERLE2TELVLWOT,
HRATHAEHMILIVERATRDENLDI 7V VY HMEBRERLS BEX
ns.

Br=bi VOB + = ¢ 0t s s oe e s e e < (3.3.1)
Tz, BEf:T7IZUYUHEMBEBEWL, b 77 VoG, tf:
75V HRE, oyfi: 73 v VHMHOBKBKRIENE, E: ¥ IE
ThH D, AWM M AMNSS400, SM570, HT7800H &, B IO H
EEhEh0.324, 0.413, 0.473CThH 5.

whEtERERZR, 773209 D27 bBMTHDLIDIDOENEF VY —
ADHTRRER>TWVWD., Thid, BRILO/MNSBREH EZMEHL
TWdEHDTHD. BI=0.320EEMTHEATRLET7 Z VPR
BMAEFEHAH LEbDOTRHR VWHERM DD, ZOFR TH, F 06 HEKL
W1L.OMTRMYETDZICFYY XTI, HBOEWVWI 2% E
Egxo R h EREIZIRBEZBRILTWVWDS., ZhieHL T,
LZHeE ERML.0 LERMYT SH5CT YY —XTEMER LD E
Wi, TRERLTEVWARVY., 77y VREBMERCERBAY =7
SWMEREILR1.0 UETE, Y27 RBWRRIENDE O M L2 M
ALSHEREES AE <R THOM N LA KIS BB AR SRV,
Rtice AR TRT 79V PEMBIMAEMERLE D O
T, 75y PREVEBERIENDEOR VVEME AV f=0.473



DI OTH A ERERRESRoTW S, Mk TIYY v =7
LA @M IOV BRIHAE, LVKVEREDNEOMME N WL b
OHBWMHERERIBEL 22, LHrl, BEBEMZHAYE, V=
THEBMT, 773 0ViERBRIHAEAVDIEAIR, VT RERT
PHMELET TV EMNTOIHMT, 23R BRIENE OENK
ERDLOXRBRNTHD., T LT, BRIEDEICERIT Y X
DR VMM EZHERLEBEA X, B Hh EFEXN 1.02 FEHDHAEN
HB. L2rL, ZohThyv=7kBVERENEZA T, M
MiEMBELIRELS > LHEETHL . EMEELL 2H1.08 £
NDCTYY—XTR, WHhERXKIMELTWS., Zhid, 77
KRBRIDBEZEZHOCEZ LR IDRBERITH TS 8 HMERNKEL
RollkdDThHD.



3. 3. 3 #WH#X

Fig.3 52 BRAE0EERZAT. BRI, BAWIAKL
BULI#MOTH cemaxZ2BMRGEEHEHPyZHRHRBRTLOIEROT A eyT
BRLEDDOTERL T D,

HUHOMEDLDEIPEFLL, V=27 HEZ2EAEDbDOTIE, £°T
DHMETRZBVWT, V2T BHEMEWCEFYY —XBRCTYY —X
CHRT, BRI ERLTWVWSE., Z2OHWTYL, 7529 BNEK#M,
V7 BRI CTCHLDIABRGboEHEEIZ, Ve T WHENELI 2D
TLELTRELERLTVDS. ZOoMARTDOHAE, 77 PREER
KHT 2727 0REDEY, VT WHERLIYVKRKELELT S
EERLTVWD ., ¥k, B ERIBERY = 7§ EF Lo KM
WETL, Va7 REMLEBMHOBERIEDESHVWIZEEEER
Bwnwzedxa»rd, 2hiexl, 75> Y BEBIOM, 7 =7 B
HThHhI2RBAEET, 2460 LEBERINESL, Yo 7HWE - =7
BEZEEAEREBE RS CHEVRVNE, CT-5-5TRY=TK
MR AMEERATSIZLT, HANEEMABEELZXRXELZ > TW
Db rbbd, HEF, BHEIEFLTW S,



3. 3. 4 WhasithE

Fig.3.6ik, 2RARGOWhLitAREZ T. WHhE kBRI,
LI BNEEd 2O EREZAHAVWVTCER LIELTHARLTNWDS., 4
tBBEd &, BEAXAWMOIA» W I EHIEBREERH HDI0% F T
WMEAZ2BETLEAEITOHARTERL .

ZothTrR, 77 PIHTI8 0.2 A LEbOTHITIH V. Z
T, ik 7 PRRHTTI80%2 A LZCT-4-8, CF-4-8
THHELIEABRRIKRKE V., ZHhiZ, V=T 08BELEEL, TOR
HERZ2ERBIRELIILTIDIEBEIEBLT, WER 7S VY # M
Bredy) o220 Z2RERL TV EDIZ, Y7L TKER
B AZHLTWD., LArL, TOoO®KT I YO8N ERB %
BETTZE, 725 VRBEERNEET D, TORQATER, 775
VUVORBERBELN LTER, Y7 B3+ TrEEIAELBEIETL
TWWdhkvieEERERBIEIRVYW., ZOoORD 750833
RIS, RREBRLLTOBEMEET DS, ZOoOd B2 N
BETEzoTWWDB,

chieLl T, zhIA 0T TR Y= 7HEERLI /NSRS
K> THETHALIALOIRBEIRELL DN, ThiERERERENT
SN (7 JRTANN



3. 04 BUMH I L BDMIEREZU DM RN EROMRR K
RN ,

3. 4. 1 HBEAEHHEHE

ERTIR, MoRE -, MHA%E, BREEH, BREFHEOLE
ERFPOBREBIBIOLARY., EFEBRTIE, HEME 0 X ¥
MAMEEMLEERTHDIPDL, 7509 vz HoBAERK
D773y, JTaT7OELLOBBANEEN TS 2R 8D
DIZEPHRETHDL. ZITAETR, EREFA—-—OH M2 HIF L,
FhooRE2HBRLIEBEBRERORBE M LIETHEEYD R
DVWTHRHT D, ZOBFIBVWTER, BHERBRERZzh LT
BHL, ZBRTRIAT I ZEFPBHLVWERKRBERK O 72 P -
V7 OHMBLIBHIZOVWTREEMX DS, BINIE, BMo#ERicES
CHBERBERLLIOIOBEBEREREREENESL) , 52) #AVD.,
FEgEAE TR, HEEBRERE LR 2L L LT, HBEKRKEREF%
F25td, HHOBBENEEOCREMIZIFERCEETHDI. FiT,
AMOBEN -V THABERELDLICHRET DL IENSERICKE
K EBE s RIET. 2 Z2TiE, Tabled3 . IR RLEEBRTOMM O
SRR ERESHE L LT, tri-linear®BMo h -0 F L2HEK %
REYTD. BA-OVOF2BREITHEOIDOLALTHD., Y I/E
BXUORTY yRIEIZFRLFR 2100.0t/cm2, 0.30 B&E T2,
ToMoBERIENE, OFABABBOT A, OFARBEAEB Y
DHEMMERE L, ZhEROBE, BECHIET 23 BRARORK
REBERXLTHRE LR, L L, SS400MMOHRE 6 mmad b
DTHPWRICH ETERP ok Est, estit DTk, SS400
EHOBRE I mmObOEBEL Lk, £k, 2KHRE 3 &k 4K
ND1/10& LTW3B,

BRI ARH@DELEL, SHEELrBEAL, HE, AT ZL



bicl/2 Elk. BREMKAXATCERAFHRBEFig. 3. 7TART
mwk§§d75yv-v:7®ﬁm§£&%£éM$mﬁm§£
R Wk,

Fig.3.8, Fig.3 9RWEENERZBITIERLER L O
HEEEEzRT, LR L, BpoREBIBHIERZRLTBY, YV
RAVRBRERBERZ2RLEDOTHD. MUBERIT, £ERERLED
ODHEPALNLDIY, HiBOMATYOMEBRZE BAW H, EBH®
BoOEEZSDWTR, BBbhHBELTWDS., EREBWTRIT D
TEMTEROVRARAE L, HELzWEHEROEH L OHER
EZxhiX, BRI T, BEBKEROERR KERIZET D —
R EZ2BBLRELILOND.



3. 4. 2 HEHERWBEBEERFROEBREEOMEISR
Fig.3.10~Fig.3.15 R 75V RIVC =7 0MHESNHA
AT, BEBIX, 750 VDIV V2T OEREBEEASABLTL
P HERMBIDEL2Z, EHREEoHMMIINIELEBERIEDE TER
Ll LEebOTHY, @iz, EHEZFOBEAELZHMETR LK
EHHEMOTAEEZE >TWD,

PD/AH e 6 & & & & a5 e s o o s e (34])

o

. A/ L R )
ZZT, Pn : 75y VD50V RY =T O0XFEBREENABRTDIE
WMME, An : 75 V220V E V2T OEBEROMBE, A:
75y VbRV OREREROBMBALER, L MERTH D,
VHE, WEORTOY—2 %273+, ZORAKKEY, ERBRED
D75y Y V2T ORBEEBRICHESHEBEBTEILELELOREER
BPWTEAFTTI328WbhricEnd., Z02»T, VEAOME»DL
HET2E, 7275 POMBETFTEEFT IR TCHEBREFTLTY
5330k, CT-8-4, CF-8-4Thd. HIWCF-8-4T1x7

Sy CREERBZ I 7 YV ORESL——BKTT S, Zofff, U=

N

TEREMEBELY, WEREHZ7S VP REELTWD DI,

(]

SYVOMBRBECRMLTVS., 20%, U= 7 BBERLEEI
B vy DomEBESETL, AR 2o BizEZ2s T3S,
ThREHLT, BORBRERLT, YT OMBEREFNERT S
BETHEBELTWS WS, ZokRoREHNRIDLELTER, C
T-4-80bWFWbhd. TORBRAKTIE, Y7 KERLEBKE
MeHBExBFTEE2. TOBATE, R 77 ORBREHE
CESTRBLY, BHERBRELD. 20kd, Tx70RBERIC
BS 75 VO REAAMKERSC LS LT 5FRBAEMC AL A X
RS hefksd, BHLAELLTOBREIHMMT 2. 20K 75
UHERBRLTYL, TRRRBRHEETIBIOLARAV. LAL, LHE



BMOTHENKES LY, BHLELTHAILOHIEVREBERT
R olBhic, ABKHELBE TS, &b, EEeRLEZ
PHBREOHELEMBERL 7S VPR TOMEBELMBHSLIZIE— K
LTWdZe»bH, 720y VOEHINZOEERMELTOE L
LTRLTWD,

OV =T OHMBETEET LERABRKO R LTS, CT- 4
-4, CT-5-4, CF-5-4 %, Jxz70HBETRIESLIT
bbb, Zhix, 77 VoA ERIBRTIERBIBYTDH, 4
e 727530y PoaETIHENHIAEVRILERREZOE LTV -

CF-5-5, CF

*'rj

k%22 bnhb5., ¥kCF-4-5, CT-5-5,
-4 -8, V2T OMBLETAEAL, TO®BRY =7 OMESHER
WHPTDIN, REBR2BEIPREALAR Y, TOHBRDOT7IT I OHER
BFARBPLEHR AT, WREROHFELSBHANEIE LTS, L
B o>oT, ZThooRBRER, V=T BEETTHLIN, BRBEIEB
b7 VEBROEBRRIEDDOTHD., YT, 75 VL
ODEALTHRZ2Z2T T2 EDEERBERIBELTDH TSR
WMBEEZETFSIERZW., £, AREHCLIY WAL ETLZV
THiL, Va7 B OTABLAELCLAYVHENELER TS, 750V 08
RABEZHERA LTS i, Va7 b ob0RBEMEZHERSRSD
hied LT+ 2ERIZ2HT 208, —BREALEENREEFTT
ZLBHEVIURERESN, JZ73VVOMEBERBBCKETIT S,

ORI, AL EIHE, BRLUO Y =7 HER X EFKRDK
BRERCEVEADN, BHOMBMERALETHELRL LIS,
Ehit, ECRBEBIPBELEIEHERTHEMAKOMEL TV
EZ20TREAZEL, TOBDSY ~HOBRELZORBERIC L K
WEBBAED D .

CTY Y —-XECFYY)—Xz®T2L, EOMAEEIHHE—
OBE, HELFBELRKERESIALAL VL. L2L, oM EE



MBRBRLBWTAREREERX L LN ECT-4-5LCF-4-5TH,
WESHILEVWRERLTVS., CT-4-53 Y= 7NHEBETLE
BRI 7V DMEBTLHED, TOBRMKRERE, FTERRI
WMEETFTLTWS., 20k, HEEMBRIIEBYTHEEBRKZE
hreHBEZREAHOHIZEL, ToEWAETLTWS., Zhicwl
T, CF-4-5@3yv=70/EFPEFLTH 7S VY POoWERT S
KEETEF, EREEZ2O0FELTVDS., 20%7 72V 00HEIK
FTLHBEDDLRAKRE, V27 OWBRFZELELFLTWDS., Ttk 2
KO HTERIRERTFTETERBELZAOE LTV 2., ZOBOMEM oM
EHTR, V2T HEZELERDZI XY, SHREEOWNES
HiIEESEL, KM 2L LTOoOMELENERC AT BET S,

OBLEHESHOEINLIZTCT-4-8LCF-4-80HicdbHEAT

(Y

5., Ly L, ThboMBREORHMELTCoOMEBEMBKI X,
K& EggRELhTLRVL., Zhik, Mo AERKERY 7V
VHRERZLHEVWERE DOFHZEH LTSI DI, 75T 0
WEABERYE, BHLLToOHELMBEBRAZBEIRNL T, v
THEZEALEY LI LR LD Y = 706 E4S 8 0L OB E TN
SN DTH D,



3.5 ke |
AECE, M- SHACREMM 2R LB A OHHMHEEL >
TERNAH2BI - L2EMEL, UBEMNERIRERS & O,
%@%ﬁﬁﬁﬁbkﬁﬁ%ﬁ%ﬁ&ﬁ:&éﬁbr,75yv-v;
THRERORKBER AT 5 HEEAEZ RN L, BHMEBCRT S
BEEOWTERLL., 22T, HEROEAMAMB LUOME &
DABHERBEASCBET IS e A LE. UTRW LM LS R E
5 e T T
(1) 75 v P BMz2EALELTCORRKE, 75 Yk 6%
HEMAEMM UERBECKLT, BH ERE, BEELSICH M
PART. 75CVRBRRAMEBR L, v o= i kM EEA LR
REOH NP EARRBLAZDIEMICH B0, ¥ =7k BHENME
FRHLELDDTRER, ToksfEmMEHELNZ VL,
(2) 75V DRBRAMEMML, v 7 kM2 LERR
KoERREERERE, V=V BERECEEL22Y, TOoR-RNE
ERBMREAZREVAENDIBAND 5.
(3) 75 U0 &M, V=7 BEBRIBTHIRREOHE H LR
R, Ve EEZELLEBE, YT OEMEBELSKRELS R -
CTHLBBEEI TS, TOMBIELALSELLLA B,
(4) 75 v UHKM, V=T RNERNMTH 5 RBIK OB KT
K&, ZOMBRY = 7HRENELS RS EAE< 5. LiL, 7
SYVRBRAMBMEALEMAEC TR, BHEKIMNSLS, U7
BECRBEE SRV, |
(5) BHRBEROHEIBRBALZAOHBELNBMBR I REHE
L, BHONENHERZ2EBRT 2 LCRERONES BRI T 3
CLREETH B,
(6) EHEBHRBIEIC LH5HEM O MBI, 2525 F L bR E RS
ERTIRBEROHFBEBT TRESZOTIRALS, MEOMA I & »



Td,%w&w%5—ﬁwﬁ§%m%%@ﬂm&b%iéné%%
BB D {



CHAPTER 3

Figures and Tables



Table 3.1 Material properties

t Oy Cu E Est Est

, v YR
(mm) | (Yem?) | (Yem®) | (Yem®) | (Vem?) | (%)

Test-Piece

S8400 3.47 4.09 2180 - - 0.273 | 0.848

55400 2.97 4.67 2200 355 1.7 0.275 | 0.636

SM570 5.19 5.93 2128 21.1 1.7 0.267 | 0.875

6
9
6
SM570 9| 536 6.03 2065 22.0 1.8 0.282 | 0.8388
6
9

HT780 i 7.00 7.70 2085 21.4 1.8 0.285 | 0.909

HT780

8.38 8.87 2095 18.6 1.5 0.279 | 0.945

Table 3.2 Dimensions of specimens of short-column

|
Specimen web plate | flange plate tw v bl Pp
! (mm) | x vOs/E | x vOou/E
CT-4-4 $5400 $8400 6 0962 | 0324 | 1034
CT-4-5 | S$S400 SM570 6 0962 | 0413 | 1792
CT-5-4 | SM570 $5400 6 1143 | 0324 | 1184
CT-5-5 | SM570 | SMS®0 6 1143 | 0413 | 1865
CT-4-8 35400 HT780 6 0962 | 0473 | 2842
CT-8-4 HT780 $5400 6 1394 | 0324 | 1351
CF-4-4 $5400 $5400 9 0611 | 0324 | 1129
CF-4-5 $5400 SM570 9 0611 | 0413 | 1810
CF-5-4 SM570 | SS400 9 0783 | 0324 | 1408
CF-5-5 SM570 SM570 9 0783 | 0413 | 2136
CF-4-8 $5400 HT780 9 0611 | 0473 | 2799
CF-8-4 HT780 $3400 9 0862 | 0324 | 1942
CT-Series N CF-Series .
g s
N CoY

1 H-150x150x6x9 |7 H-150x150x9x 3
J___ Built up . EJ___l Built up

L 150 | L_150 |

06l

Fig. 3.1 Specimens of short-column
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Fig. 3.2 Load - displacement curves of CT series
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Fig. 3.3 Load - displacement curves of CF series
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Fig. 3.4 Ultimate load ratio
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Fig. 3.5 Deformation capacity
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Fig. 3.6 Slope of strength inferiority
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Fig. 3.7 Short-column idealization
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Fig. 3.8 Load - displacement curves of CT series
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Fig. 3.9 Load - displacement curves of CF series
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Fig. 3.10 Load - displacement curves of flange and web
(CT-4-4, CF-4-4)
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Fig. 3.11 Load - displacement curves of flange and web

(CT-4-5, CF-4-5)
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Fig. 3.12 Load - displacement curves of flange and web
(CT-5-4, CF-5-4)
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Fig. 3.13 Load - displacement curves of flange and web

(CT-5-5, CF-5-5)
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Fig. 3.14 Load - displacement curves of flange and web
(CT-4-8, CF-4-8)
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Fig. 3.15 Load - displacement curves of flange and web
(CT-8-4, CF-8-4)
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RBEhOBREZFig. 4. 1 AT, RBRBERIBEMLIHEHTH Y,
NATY Yy FPRBRABORERIERIBOBE ST RICERLEF K
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FEET, FHUARNRTHELERKEBX, MMFDORANiZEE
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LRBEINTRLY, BEORBRLIDIIBHREENRELRZL
sk lLk.

ABREDO B2 Tabled. 1litxR”"T., RpPp, Py FTRTH
Abh, Theh2BHahh, BRGHLEEET D.

Pp=2 Oy Ap+ OgwAw ° ° © * c 0 0 s s e o0 (4.2.1)

P, = oy A T Y
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EHEHR (= 2Af+Aw) ThHhD. RBELIT, BCHAELRO
RgKkzRL, ROT, M, FRAYZ7HREZHEBELTEL, £h
ER6, 9, 12mmEELTVS. RO2O00KFRIHIL Y- 75
, 79‘/9‘@1@7&&%391,, 8 W HT780, 4 AXSS400%2%b T,
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Fig. 4.1 Specimen of beam-column
Table 4.1 Dimensions of specimens of beam-column
Speci bpl flange pl vy A ol P/P P/P
Specimen web plate ange plate (mm) | (mm) | xvOm/E | x vOyilE p y
BCT -8-4-45 |  HT780 $8400 6 9 1378 | 0321 0.45 0.61
BCM.8.430 | HT780 $5400 9 9 0883 | 0321 0.30 0.43
BCM-8-4-45 | HT780 $5400 9 9 0883 | 0321 045 | 065
BCM-8-4-60 | HT780 $5400 9 9 0883 | 0321 0.60 0.87
BCF -8-4-45 |  HT780 $5400 12 | 9 | o686 | 0321 045 0.70
BCF -8-4-60 | HT780 $5400 12 9 | 068 | 0321 0.45 0.94
BCT -4-4-45 |  $8400 |  SS400 6 9 0862 | 0321 0.45 0.45
BCM-4-4-45 |  S5400 $5400 9 9 0.565 | 0321 0.45 0.45
BCM-4-4-65 |  $S400 $5400 9 9 0.565 | 0321 0.65 0.65
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Spherical support Load cell
Load cell

Oil jack Lateral bracing $pecimen Tension bar
M : \ﬂ o /
> H It it A g 7%
B G 1]
3 l | T
- 5 =) | S - =
§ S § U T

Reaction point

Universal testing machine

Fig. 4.2 Test setup

8=¢+6C/L | L
M=QL+6CP 2Q {‘

P‘:>~< - - - - — ‘7<}‘—‘1P 7
A JAN oc

Fig. 4.3 Deflection mode
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Table 4.2  Material properties
e) O E Est Est Elong.
Test-Piece t y ! X ) ° YR
(mm) | (Yem?) | (Yem?) | (Yem®) | (Yem?) | (%) (%)
HT780 6| 823 8.56 | 2096.5| 9.60 | 2.01 10.5 | 0.961
HT780 9| 7.80 | 825 |21526 | 11.29 | 184 140 | 0.946
HT780; 12| 805 | 854 |2069.5 | 1061 | 161 13.4 | 0942
$S400 6| 325 | 466 | 21155 | 20.05 | 211 309 | 0.697
$S400 9| 3.18 | 4.62 |2146.6 | 1823 | 262 | 31.5 | 0.688
o (t/sz) 1% 4, HT780
“..A .l u :-‘ i
B0y
3 4l .
3
6.0 e
n
p HA;GAEAA"“AAEE%MHAHA "AB‘%‘Aui:AAn S§S400
4.0F = :
:‘A::“A
1
2 O: a4 HT780 - 6mm
M « HT780- 9mm |
X " & HT780-12mm
3 & §S400 - 6mm
. o §S400 - 9mm
)
0.0 10.0 20.0 30.0 & (%)
Fig. 4.4  Stress - strain relationships
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Fig. 4.5 M-0 relationships
-4.0 2.0 0.0  e(%) -4.0 2.0 0.0 (%)
T T T T I T T T T 1 T
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Fig. 4.6 Strain distribution of web
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Q/Qy v Mz[lximum load

N
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oo ~ O\
d
‘D-\\

=< ~O
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=S

0.5rr

0.0 5.0 10.0 15.0 0/0y

Fig. 4.7 Q-0 relationships

Q/Qy v Maximum load
¥

1.0 fﬁ/c:& \\c

/O’O,—-O-O«o‘so_s\oxo‘\

BCM-8-4-45
o)
BCM-4-4-45 ©

0.5 he)
0.0 5.0 10.0 15.0 0/0y

Fig. 4.8 Q-0 relationships

— 104 —




M/Mp

1.5

1.0

0.5

0.0

M/Mpc

1.5

1.0

0.5

0.0

I i
vV Flange local buckling
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L |
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Fig. 4.9 M-0 relationships
v
- Y
OO0
/(B—'O’«I \O\O\O\C

vV Flange local buckling

——#——  BCF- 8-4-60

. ——O——  BCM-8-4-45
¥ Maximum load
- I —&— BCT -8-4-45
5.0 10.0 15.0 20.0 6/0pc
Fig. 4.10 M-0 relationships
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M/My

BCM~8-4»;}' BCF -8-4-45
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BCF -8-4-60 @
1.5
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BCM-8-4-60 @ \ BCT -8-4-45
OBCM-4-4-45 \O
Hybrid
BCM-4—-/L62)
: \O\BCT _47-45

1.0 0.5 I.0 v

Fig. 4.11 Strength of hybrid beam-columns

6/0y
TN@® BCM-8-4-30
15.0 A |
i BCF -8-4-60
S BCM-8-4-45
O
BCM-4-4-45
10.0 B ®
BCM-8-4-60
BCT -4-4-45 O
BCT -8-4-45
5.0 . e
Homogeneous ' Hybrid
0.0 , 0.5 1.0 Y

Fig. 4.12 Rotation capacity of hybrid beam-columns
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P/Py
Full Plastic Ma"iml”m load
S - - ll — /’T\\
1.0k — 7 YKsUK i
Flange Plate yielding
Hybrid short column
1.0 !
| l
0.0 1.0 U AIAy
Fig. 4.13 Ideal load - displacement curve of hybrid

short-column

— 107 —




P/Pp

T T
Hybrid short column ¥ Maximum load

1.5

10 MW‘?\O\?\D

0.5
—t—— H-150x150x6x9
g H-150x150x9x9
— 10— H-150x150%12%9
| l
0.0 5.0 10.0 15.0 20.0 A/Ap

Fig. 4.14 Load - displacement curve of hybrid

short-columns

T
P/Py Hybrid short column

Mﬂ\‘j\g
/D’_"—D'/DP”_D/D/
1.5 ’?\A\A\ v\o
1.0F
0.5
—a—— H-150x150x6x9
—o0—— H-150x150x9x9
— H-150><1150><12><9 ¥ Maximum load
] |
0.0 5.0 10.0 15.0 20.0 A/Ay

Fig. 4.15 Load - displacement curve of hybrid

short-columns
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! |
7S Hybrid short column

1

é =0.0401 By + 0.873

0.95 H-150x150x6x9
H—ISOXISOXV
O

/

0.90 =
A?XISOXIL&
085 0.5 1.0 Is B

Fig. 4.16 Ultimate load ratio of hybrid short-columns

Se Hybrid short column
H-150x150x12x9
H-150x150x9x9
L.5F
H-150x150x6x9
S = SL?R
1.0 1.5 S

Fig. 4.17 Comparison of test and theory
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30.0

™

20.0 \
H—lSOxlm.\

10.0 | Hybrid short column

1
w=21.37 B, 7

0.0 0.5 1.0 .5 Bw’

Fig. 4.18 Deformation capacity of hybrid short-columns

e
| max¥]¢ = emux -1
enpc
95N = —22 - |
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50 | 95nc
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i e i i l ] A 1 Il
0 50 n,

Fig. 4.19 Comparison of test and theory

- 110 —



Ll \ j
\ Ranlg I
30.0
\‘ Pp/Py = 1.45
20.0 \ ny = 0.75
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Fig. 4.20
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G ¥ T 1 Ll
(t/cm?) —
8.0f---- : - - L E/200 -
- -
- - -
P ]
6.0 e T T ] E/200
. - e B
—~—"ER0 __. Rl
asl fe=T=——""""T  Enco
HT780 (oy=8.0(t/cm?),Est=E/200)
—-———-— HT590 (oy=6.0(t/cm®),Est=E/200)
= =e———--— 88490 (oy=4.5(t/cm?),Est=E/100)
~~~~~ YR590 (oy=4.5(t/cm?), Est=E/30)
E=2100(t/cm?
0.0 ( , ) . \ '
0.0 1.0 2.0 3.0 4.0 (%)
Fig. 4.21 Stress - strain relationships
Table 4.3 Dimensions of specimens of beam-column
. tw tf d/ftw bitr
Specimen web plate | flange plate (mm) | (mm) | x von/E | x vyl P/Pp P/Py
HB-8-4-30 HT780 $5490 6 9 1358 0.386 030 035
HB-8-4-34 HT780 $5490 6 9 1.358 0.386 034 0.40
HB-8-4-45 HT780 $$490 6 9 1.358 0.386 0.45 0.53
HB-8-4-51 HT780 $5490 6 9 1.358 0.386 0.51 0.60
YR-4-4-40 | YRS90 YR590 6 9 1.018 | 0386 0.40 0.40
HT-6-630 | HT590 HT590 6 9 1176 | 0445 | 030 030 |
HT-6-6-45 HTS500 HT590 6 9 1.176 | 0.445 045 0.45
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Fig. 4.22 Deflection mode
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Fig. 4.23 Beam-column idealization
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Fig. 4.24 M-0 relationships
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Fig. 4.25 M-0 relationships
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Fig. 4.26 Strength
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Fig. 4.27

Rotation capacity
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Flange plate

Web plate

Fig. 4.28 Plastic zone of HB-8-4-45

Flange plate

Web plate

Fig. 4.29 Plastic zone of HT-6-6-45

Flange plate

‘Web plate

Fig. 4.30 Plastic zone of HB-8-4-51
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Deformation of HB-8-4-45

Fig. 4.31

Deformation of HT-6-6-45

Fig. 4.32

Deformation of HB-8-4-51

Fig. 4.33
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ITHS-1.0-2-1.5 gxL, MEHFMOMBARZLZ ELS L Kk
S-1.0-4-1.5 B Z0R AWM IAIROERERELZAEIEFT LTS,
Ihix, MEFMEZT E2500mm & F 352 LT, BEAEEBEMR
BEARAAELTVWS Z it KB, (Fig.5.12) L»L, ZOKK
WhiZ, oboikBBLTHLS, TZOobWMhFILARIETA
RbOLRoTWVWd, ZO0X5R Y 7THENENOMIMBERKIIEW
bod, BHEEREIEZCEETHMABERELTE, ToMBEERE
BETIBRLESDPORRBREBLETD 5.

i LT, Fig.5.13EA” Ly =7 & WHEOMMBHER
DN DIF, EFNBLTHLOEROIL I ZBERBZALALT, WE
OHMARELEDIDIZERBINAETOERRBIREI TS, ZTh
EHEZELSLTCHHRFEAR CEEORKEREREL, ZoRK
BHROEFTIZESHAETSELEHEIFO OO RN IZER R &
BLTWL D TH D, £k, ARPZHEImMm THBREL 2 #
BAMIZESLES-0.3-4-3%2 R8¢, $-0.3-3-3k v bxonW
EBBZEELTVWD., 2hid, iAFERZ I 2MHEF A CER
TZLT, RYEAER, HBoOBHELCHEISBEBETZ2M I TV L
HDTHDd, 20, RS HEMEBcETCHFIELTWDE Z LT, K
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hE AR D RO CHLTWI DL ELBR D,

TRLHEE B L THTBHOE BRI T LM
FIHMRIE, ERTEOADEE RSN EXBOMBMBRICHE LT
bRAKELERMEHD, (Fig.5.14)
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5. 3. 3 Wi btic#®HRERETEELEHTERMO BEERE
5 |

Fig. 5. 1538 B ELEEHERENOBRBELZRLELDOT
D, FEHLSNOM @M BEE 20mm &L TWd. BidbiBR1Ek
oA, ATRTHBROVZTEVWIFMF/mEds OKEVDH DI,
ZTOMEIFMEEls W75V PBO2HEREORSA, BHERE
NBEHEEOHMITHE > TRELBRLT, R LANMNESLSZD. Zh
extlLT, O, BTRLES-0.32A47D0bDiE, REOH KL &
Z, TOWUMEREIEZRENCHAIEDI. £oHME G ZIKRE
BREOCVEEREV, £, HREIFTHNOHBEMBANPENWS-0.3-44%
A 7WB8-0.3-28 47 X0 b, ZTOHMHUHEERE I KE W, T4
bbb, BTHEXAOHBRFEOBE, NULHAMEBEEIHOVTHBRT D0
Thhi, WIT@EBEOLEHEFMIZEELS, WERIEL T2 5
BEHRTH D,

¥ h, OCTHRULEXBEHARERXOBUYUERE L IXZ, FOREOH
Mk BERBRICEMT DS, ZOMBOREE LS F 8 H o0
PHEERRDOBENASGLRETHEHRER LOEVE, 75 YR
HERBZBOBBROEHOENKL LD SOTHDI EEZLLND. 2
T, S-0.32A4A 7 ¢XBOHMBADOEROIEF OB RS D
i, Fig.5.16¢Fig.5.17 &7,

Fig.5.16 i, X BOoO#MBEAX T EHo BHELERBE HC
EDEIS5EEB LTV E2R LEbDTH D, MEhix, HHER
SNOBHEBEND RoTHERBRUODHEEERELIZEELL D
ODTHY, Hehix, X (5.3.1) TRLENIWBREOH GH L2 7
SyVHHEHBMTERIELEbDDODZ L B,

a=(2'>ts'ds)/(B't’f) oo e s e e (5.3.1)
TIT, tf : 725 VUHETHY, zofi@diidodoicHEL wn,

HbhoEBREFEN_FREIZIVERBNZRDEZELIDTHD, &R
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TREINL D,

R/Ro =1.16 a + 1.0 C e e e e e (5.3.2)
CORPLAPD IO, XEOHMBRER i, BEBHICKD kHEB
TEDLEINDZ LS5k, 2o BoWmMIEEALTRELSZ> T
5. TOMBERIZ, 750 VRBEBBOM DMIETH 28K N %
SRRMOIZETEOREHERBENEZERRL T W I B2 3,
L»L, ZORFEHEABKIAMEOEHATLIDZIZILTHY, @M
DM THRMOBMIZHES BHEERBHNOEMIZEHHIBEORRIEF
ETBH5dbDLEZXD,

Fig.5.171#, F#®HREXoMBRIFEN, M oBELER K
hieloXr5>>B5 LTI o»rE2 R LEbDTHD. MEhix, %
DFig. 5 16 AUCI>RRERILLECERERE L E LT Y,
Mahix, X (5.3.3) TE£bEhsHERELELEBROM TRMELZ & -
T3, |

B = (ds/d)-(2:-ts/tw)? s e s - (5.3.3)

R OoELBIZLE =1 140FEZ2R VRN IFERI Y BRN
CRKDIEDDOTHY, THAERLTFTRTCERENS,

$-0.3-3 Y — X

R/Ro =0.216 B + 1.0 - « « « « « « « (5.3.4)

$-0.3-43% Y — X

R/Ro =0.239 g + 1.0 =+ « - « « « « « (5.3.5)
$-0.3-2¥Y — X, $-0.3-4> Y =Xt d, =1.140 B8 %k
WEDOBBREBHEZAHALTRBY, TOBUHERENTIHB O H Y
B IRIERABRIEDDZEEN 2P D. Zhiz, Z0HEERXD
MBRAER, FR7FVVRBBRICHES V70K RKERS
?HI;Z:%):&‘E,- T BMOBUEERBBEIRRELLS R TWWBZ LK
X5, oM, HEORKEVWHALHSZZLENLD., KREOHE W
BACR, RBOX BoBERLAL ISk, WMHABETFT2 %26
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BRES THOEANZIRNEARD., Z0oZbid, 8=1.14058 4
REAREMEY b LH R DD L bREN S, Lo L, A
RKEWHEAELDZIOMABToE2MO>ERI 2 RO TERLS,
DHEREVI Y27 RHEERZMHATIEMOFT I RELS R > T
5b0EEIZLND,
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5. 4 UM EeMBRERZEABELEHBHEBESHO BEEEH#
® ,

AHiZ, HE#HERMOBHEEREHhZRM EZEDZ2Z L2HNE
L, ~RE@HhLE—-—AXA L PAREZTI2HEREEM AL, BE
TOHMRBRIFEBEZLODVWVTHHTIDDOTHDS. B Z2E T cHERMC
HLBBEHERZATY, TOoOFHRHZERET DI L&A, BhHh, #IKRD
BRZELLESREERIEZTA Y, ZOoFRIFIEOBREERBERIES
A OHWEEERT D,

5. 4. 1 EREUBI MR
EREEAFig.5.180kAR"T . HBRHEKIZ, Fig. 5. 19 R"FT #
F1800mm, WiMBR HX150X150X 6 X 9D B EM T HIEM
T, RBRfoEBRBFcEIZTRL LM AR Y 2 ACBRYVNT DD O
BEXZ40mmoMEisBsEIL TS, HBRAEAIMHABL T2V D
» % Normal (30) & L, iz LdDOEH-150-24-
(30) ¢+ 5, B RXIE, ES9mmOHEZ  LE#EKEZ, #MH
D=7 HaokE, R2BEBABELTVLL, @ OBMNILEE 2
Table5.3kAT., BWEBERIET, R FLTEE SN ERABREK TR
Woh (M HhH30%) 2Mix, M RHTFAELD LSKEAR D
ZMxTw? (Fig.5.20)
YRERL2S>EXL, ER2Fok 2@ -0 F A bitic, #W
BoEZ, W, B, MMOIR2EXxEETFTALH LBERIT 2T 5.
B %K IXIFig.6.21, Table6. 4R ART THhLT . HEIF AL
TL=900mm¢ L, RHEBRAZELBCH LTAMNEFZ2HREL L
b LT L, R LHEBCESSARBERER LD2EEMEKE
EREERS . BHOHBERBERCLIMBESRL, KN
-0 T A BB Ebi-linearBAERET D, HE2HZ, EmMr s
vIVELY 2T REZHRARZABRERER, IIRM T Z V2 @ AR
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HELIPHWTE T S (Fig.5.22) .
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5. 4. 2 HEBBEHBHIHTI@®EEEO R

Fig.5. 231 Normal (30) , H-150-24-9 (30) o & %
%k ERT. ¥k, ENERRHETIEFICELDMED BN TR
T. BEMEIAROR VK BHO LW ME — 2 3 | Mpl Zzo Mol
HEHMA 6pTERITIELTY B, Vo TH®L EH-150-24-9
(30) ENormal (30) K<, BHHM LR L, kKW Hhic# 5
FToEBIHMRKLTEY, BHERBEEON EXKERSHh 3.,
Tk, RBRHELBIFELRBELTCHRS L, Wit H, EEHERLEIHER
BOWHIEEZRULTHBY, ZOBMMKTIC LD BBH 08 MEEBER
ZBBET B ENTE S,

Fig.5.24@ Normal (30) , H-150-24-9 (30) , $ i o
HEZ 2 LeH-150-24-18 (30) , £ &% 2 i L% H-3
00-24-9 (30) O BEEMBEHE &R FT. H-150-24-9 (30) iz
< H-150-24-18 (30) X EP WO LR RR S R B,
H-300-24-9 (30) BEAWM DI £Tix, 20 %R EN R
20 A8, %@?ﬁbikh&‘ﬁfﬁ%ﬁ?i‘é:<‘:7‘£<'Z’§ﬁ2bi‘i§}u“6v\%’)o
HMOREZ LF3 2L cay hramL, W hoLERBsED B,
SOTTNOBE, WABTRAB LI Z2>TLE>TWn 3, # o
MBI REEZ 7S OHEO2ERER S 3 &, V=27 OR®E RO
REZWBT 2z LbicimT, BEW AE T2 MM A B3 2 R
METH DL WnR B,

Fig. 5. 25 MM EA5B L&A 7OHELEMBIE %57 4.
SCTHVLTWIHMBEOBRIE B £300mm, 6 36mm, B =
Mmmmkwfééa:@&47@##mﬁ%mﬁm%%%ﬁ%ﬁ
RBEZMELTWBZ LB 55, Normal (45) N e&W#e —
AV b EET DMK R A 6 B FS€TLE > CnD oL,
H-300-36-18 (45) B hx + S LR S¥, BAWH IS 3
ETOEMB S KEBicH ALTW 3. ¥ %Z Normal(30) ¢
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Normal (45)% B+ 2L, TOWMEERME R E A X 2 &0
BBEN, MBEAMT LT ALNISBOBAETHI0% O L
L bW ETHRERBEE LM IZTZ LR TR THDIZ LEDF B,
BHMAOFTERATD, COBBFIERADTHI ETX B,
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5.5 WmvEECHBEOMKERELEHBRAE RS OB K
% B R |

MEBETEALTY > FIE, MEORBEL LY, v =7 5Hhhz
FARRBRT A LERCERR BB BT IR R RER D B T
L oM ARBLTVS., AMTRENLZEbLBERE®, &
DHEM A DO LLT, BEFRBOBDOALTY v Kl kB0
L, BREMEBMHOBREKE A b 2205 ME HE P LE Lok
CEE AR E R E LD ERET B .

CDES R MAATY y KL WM 0 BRETERE, W
BRREATA—Fiby, BERMEEREEL THRAMNT 5.

5. 5. 1 £hEH

ALB TR, Fig.6.26k &% & 5I2SS400Xk v 725 W @i B R
H-150x150x6x9, HEL=900mmO HEMIKCFig.6.271KK AT
IO BRIAMBEZ2FELLERM I AL, KBEOLDIZHKRZR
gELa2vwbo 1 Eoft4apaERL .
MmhHFREHEM N EZHEAL, WHBEM ZREL, BMPREIT
Mmh¥+2—FmBFBNLL L.
HKBREEAHRBICLEAERORBRAET LI L ZRT . KD 3 D
DEFZ, MMEREZRL, BROBTEIWM I LEZRT. BESTD
W ITHT780TH 5. MBUE AL EZTableS. 5kAR¥ . £ H M
HoBMBNWMEEL2Table5. 6 1277, |
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5. 5. 2 YT DO—HANAAL TV Yy Kieoa itk ez o
Fig.5.28ICCLN-452CL-4-1-3-45OMELERBEE 2R T.
W, M@z zrh 2@ h2HBALL2VWEHEEOBERE — X Y My
troMoEHEEMBOIOVTZTRL FRERTELTWD . BR H M
WMERBLRIECL-4-1-3-454, B HEMBOCLN-45Z KX, BV
MAZBEALTVWDI I 22LLT, BMHOBKAWMAOBEHLS, KK
i hABEMELIHMIFTLTVDS., Z0oL5CIEAREOE L VERH
WEHOLLRBROAOMBEZEET DL, B HhABERE I EHD, &
bz, 75y VhRABEBEHROREZNH TIDRIZCLY, EH MO
WHEEEEHhZNESEDIERNLELZ>»TWD.,

Fig.5. 290 m BAMBRKRIZ, BIHERIFXAIEEZ2ARL K
bOTHDH. WMhixh2E2RBLEL2BEHEE — A > P MpcT X
kL, Eidzobt o ERMAopc TERTIELTWD.,
EBROCL-4-1-3-45LWEMEHFLL LT, =27 FWVWhHWOIE
dsZM< LiCL-2-2-3- 4533 IERABECBMEEEHEREZARLT
Wb, 2%, EBEELSLTHD, HMEZELSLTEBLLSZLETERER
BEOHMRZAT I L LY, DI2BUEREIERELELEAE T,
TR T 28 BB RE2DIEBEEBHCRBETEDIVREEZ AR
LTwd. L2L, Zhhb@RAREDT, #RLZEELLHEBEATRH
HEREEE L iRV BHEERBEISIREENRTY S,

Ihie#H LT, CL-4-1-3-45X 0 bWz HELFMIE EL LK
CL-4-1-5-451F, RENCE®REREZHMILTWVWDS . Z0oHHK
CHOWTIRHUTTEEZMZ 5.

Fig.5.30 CL-4-1-3-45% CL-4-1-5-450 k& ¥ & » b
TSmmO i Fo#Mii@rmMmOTArofERBLZ AT, ez, &
Re—Ay P BOBEBHACERTIELERHAZL » T 5.
CHLL0BADVERBLEVOTRZOEMMNAZLN, WA ABLT
WL ETFRS 22D, ik, IRHEEZORWCL-4-1-5-450 &
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BB 75 SORBERCHESISHAIBTRE2M>T DD ER
bh, A0 BEBLEMBEARLOBENWLEIR > TENRNTE TS,

Ihix, Fig. 5. 31ERTREERRI»PLObPS. ZOKI,
EBE3IMIEEALTRLTWS, CL-4-1-3-45 @M E2HREL
FHB TRRARBAEBIBEL TRV, Z O THKER®®ELE
L, P27 bEBEREBEEIAEL, WHAEBETOEHRKNLLZ> T D,
IhieHLTHEMEOEr 2 ECHEZ ZRBELELCL-4-1-5-451%,
75y VORBBRBEALND DOO, V=7 O MR KERO®E
ELEHRDNZ WV,

Prtozlekhrb, 753y VoRKABARLIVERERZERTS®
THHBBAMBEL2RBETDZZ LT, =27 0ERRHEEREZM X,
RBPO 7S VYYVRBEBEBZESISH OB T2 2L TcENE,
BHoBMEEREN IV ETD LWL D. ¥, ZTOHKD,
AKERBRBEZBOW THEEREBEZBL - TCVWI I LBEHEETHY, BRA
MErERATLIZLOMBITRE L.
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(2) v k@R zEETD ZEREY, 772V RBHEEICE
ZH A TR A>T T, 75y VREERLERL TEZ
P a7 RWERICH L TCHIBER 2L DI LA LR D,
(3) 2@ BEBRIZ, Y278 vIEFRNOREEZHLEYHITD
T, hWYHEBCLHEFTNMEZEELSTDIILEBRLETHD. £
DEER 75 VVRBERREMNBE LIV DIELSL, DIOIBEY =7
DB ETEZX T ZLEHUTH D,

(4) R z2zE<HRENLEHEEGZ, XB, HEOMMBK B AN
HEThd. 2hix, sk clER 7SS YyYRHERZREES
¥, TOoOWMAOBEBTFTLZAEohzd RN iclERremRT L
T&ED2EDTHD.

(5) hmy@hEHE, XEBo#MBERIHLTRER, Zo0#HKBROREZ
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+ 5. |

(6) HEMESRM OV =T b Fru@MiesRIS>Z LT, B
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(8) Vo7 0oL RBRAMBERTDIZILT, W@ HhTFTTO
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Table 5.1 Dimensions of specimen

Specimen | Plate type | ds Is ts  |Experiment
SN - 0 0 0.0 *
S5-1.0-2-1 Rectangle 210 250 3.0
$-1.0-2-1.5 Rectangle 210 250 4.5 *
5-1.0-4-1.5 Rectangle 210 500 4.5
5-0.3-3-1.5 Rectangle 70 375 4.5
5-0.3-3-2 Rectangle | 70 | 375 | 6.0 :
5-0.3-3-3 Rectangle 70 375 9.0
S-0.3-4-2 Rectangle 70 500 6.0 *
S5-0.3-4-3 Rectangle 70 500 9.0
$X-0.3-2-1.5 | X-Shape 70 280 4.5
$X-0.3-2-2 X-Shape 70 280 6.0 *
$X-0.3-2-3 X-Shape 70 280 9.0
SH-0.3-2-2 H-Shape 70 280 6.0 *
Table 5.2 Mechanical properties
Test-piece Oy Ou E Est el.
(mm) (t/em® | (tYem?) (Yem®) | (t/em’) et (%)
Flange-9.0 3.0 4.72 2068.0 25.1 0.018 A2'7.7
Web-6.0 3.0 4.89 2089.0 23.8 0.020 28.6
PL-6.0 1.95 3.07 21193 17.8 - 38.7
PL-4.5 2.0 3.30 2032.7 16.5 0.012 53.3
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Fig. 5.9 Deformation
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Table 5.3 Mechanical properties

Test-piece Oy Ou E Est ot
E€s
(mm) | (t/em?) (t/cm®) (tem®) (tem’)
HT590 | 6 5.80 6.31 1993 26.0 0.035
HT590 | 9 5.40 6.15 2015 25.9 0.028
T - M
i 8
Q _ .
)
M=(QL+P5)/2
—\P 0=dIL
M

Fig. 5.20 Deflection mode

— 153 —




Table 5.4 Dimensions of specimen

Specimen ls(mm) ds(mm) ts(mm) P/Poy
Normal(30) - - - 30
H-150-24-9(30) 150 24 24 30
H-150-24-18(30) 150 24 42 30
H-300-24-18(30) 300 24 24 30
H-300-36-18(30) 300 36 42 30
Normal(45) ] ] ] 45
H-300-36-18(45) 300 36 42 45

M 24mm M 24mm
24mm P 24mEm 7

1 | L
L150mm | I 300mm |
H-150-24-9 H-300-24-18
™ 42mm ™ 42mm
24m[r:n —— SGmEm ] 5
I | l
|_150mm | L doomm |
H-150-24-18 H-300-36-18

Fig. 5.21 Specimen of beam-column
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Plate element

& SERRRREERR ]d-tf

Beam element

Fig}. 5.22  Analytical model

M/Mp
1.5+ v Max(Experiment)
v/ ¥ Max(Analysis)
sl
oL o
. 2. 5
1 .O"’ ¥ Q‘G\_\ ®
O O
0.5 Normal (30) o (Experiment)
------- (Analysis)
H-150-24-9(30) ® (Experiment)
(Analysis)
| L. | l
0.0 5.0 10.0 6/6p
Fig. 5.23 M - 0 relationships
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¥ Max(Normal)
Y Max
1.5 ,
\
P
A0 TR
oot . Q:{ --------
1oF A e ==
0.5 Normal(30)  wooeeeven
H-150-24-9(30)  ==-=---
H-150-24-18(30) ———
H-300-24-18 (30)
| i |
0.0 5.0 6/6p
Fig. 5.24 M - 0 relationships
M/Mp

vy s - -
-

v Max(30%)
Y Max(45%)

Normal(30) ~  «eeeeeeees
H-300-36-18(30) ----7--
Normal(45) D
H-300-36-18(45)

Fig. 5.25

!
0.0 150 0/0p

M - 0 relationships
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2310

g - | 150
205, 900 T10(% 900 - 205,] 15 | 450 | 5
<
- 16 M -
__ 1 ) =
‘6 5 o
<
Fig. 5.26 Specimen of beam-column
tw ¥
H ts | ds
tf !
B | Is ]
Fig. 5.27 Type of plate
Table 5.5 Dimensions of specimen
Specimen ds(mm) | ts(mm) ls(mm) P/Pp | P/Poy
CLN-45 - - - 45 45
CL-4-1-3-45 50 6.0 300 45 62
CL-2-2-3-45 25 12.0 300 45 62
CL-4-1-5-45 50 6.0 450 45 62
Table §.6 Mechanical properties
Test-piece Oy Ou E Est Est YR el
(mm) | (Yem?®) | (tfem?) | (Yem®) | (Vem’) | (o) (%)
S§400 | 6 3.22 4.56 2123 253 2.33 0.71 27.8
S§400 | 9 2.87 4.55 2130 29.6 1.98 0.63 30.1
HT780 | 6 8.23 8.56 2097 9.6 2.01 0.96 10.5
HT780 |12 | 8.05 8.54 2070 11.3 1.61 0.94 13.4
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M/My

V¥ Maximum load

1.5
D/O/Oléf
1.0 ST o
o
20—k
0.5 o —
—0— CLN-45 e s
—0—— CL-4-1-3-45 B=¢+dc/L e
I ‘ M=QI +3cP |
0.0 5.0 10.0 15.0 20.0 6/8y
Fig. 5.28 M - 0 relationships
M/Mpc
¥ Maximum load
1.5
Y
\J
0 /’\7\%\‘
— \O\'\ \7
1.0 _ N
L
0.5 1 —
—0— CL-4-1-3-45 Pr—=—" =P 75¢
—v— CL-2-2-3-45 B=gadc/L, i
—o— CL-4-1-5-45 M=QL+06cP
| J |
0.0 5.0 10.0 15.0 20.0 8/8pc
Fig. 5.29 M - 0 relationships
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Fig. 5.30
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Fig. 5.31
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