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AN EXPERIMENTAL STUDY OF LOCAL AND OVERALL BUCKLING
OF ROLLED THIN WALLED H-COLUMNS

BHAMET BEHAA  LRBEFY BonEEgrees
By Tetsuhiko AOKI, Kazutoshi SHINODA, Toshitaka YAMAQ, Tatsuro SAKIMOTO

An experimental investigation of local and overall buckling strength of
newly developed hot-rolled thin walled H-section members is described.
The test is conducted using four different cross sectional profiles and
five to six members for centrally loaded, six members for eccentrically
loaded for each profile, Before testing, measurement of initial out—of-
straightness, residual stresses and stub column test are performed.
Behaviour of the local and overall buckling of the different section profiles
with various width-thickness ratios of the component plates is observed.
A simple method to compare the cost performance or to select the minimum
weight section profiles is proposed and also shown the advantage
of this kind thin walled compression members, causing local buckling in
usual use condition, if members are used in relatively long span.
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Table | Nominal Cross Sectional Dimensions and Properties
Type Dimensions (mm) A Ix Iy r Width-Thickness Ratio
)i B Tw Tf | (cw?) | (cm®) | (em®) | (cm) H/Tw Bf/Tf
A 150 100 3.2 4.5 |13.73 562 75,1 2,34 46.9 1.1
B 200 | 100 |3.2 |4.5 |[15.38 1070 75.1 |2.21 62.5 11.1
C 250 {125 13.2 |4.5 [19.18 2100 [ 147.0 |2.76 78.1 13.9
D 250 | 150 3.2 (4.5 }21.43 2440 | 253.0 |3.44 78.1 16.7
y
B . . R
rE______._____eﬁ H ¢ Height B : Width
| emum— p—————— Tw,Tf : Plate Thickness of Web and
s e _Tw Flange
H A ¢ Cross Section Area
x x Ix,Iy : Geometical Moment of Inertia
T about x and y
¢ r : Radius of Gyration of Area
L———~——————~——¥J about Weak Axis (y)
Bf : B/2
v
Table 2 Measured Cross Sectional Dimensions and Properties
Type Dimensions (mm) A Ix Iy r ¥idth-Thickness Ratio
H B Tw Tf | (cw?) | (cm®) | (cm*) | (cm) | H/Tw | Bf/Tf | Rw Rf
A 150.8 [100.6 |3.36|4.4813.78 562 76.0 |2.35)42.2| 11.1 |1.07{0.79
B 200.5 1 100.7 3,39 (4.56 [15.77 1080 77.9 {2.2310%56.6] 11.1 |1.44180.80
C 242.5 | 133.4 |3.57 |4.58 20,09 2155 | 151.2 |2.74(67.7| 13.6 |[1.60|1.08
D 251.5 | 150.6 |3.43(4.6122.38 2524 | 262.7 |3.43170.7) 16.3 |1.67|1.12

Rw,Rf : Nondimensionalized Width-Thickness Ratio Parameter
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2 . ZRHERB IUEBRHH: Table 3 Results of Tensile Test
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ATES, Zhvk A, B, C, DFATLT D, ThbDAF

W TER L OWEETE Table 1 R $, MEIRTART A 3891 4324 4075
SS4002 5 2 Th B o ADDWELZA T DT TV V4 i o o o
Tf 134T Lbm, Y=7HRE Tw 5T 3.2mmn T, D 3698 3939 3802
RIBE X2 OHMBEDEDEBRERZ-TVS, Y=T7H

TS UnRELOMAGDE R Fig. ] KRT, Wil | HREEK 16 8
FEOEBES Tible 2 KELHD, SERH 1021 4225 4107

_ BHERE 286 200 278
HBT DERERIE )T OMERER DEOER | geew | am| w1m]  esm
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FBER (5) KR~ boImz 1246575, FLEB LORLEMERT ., ftRAZFMED Y TR
VUXEL, MEKE 50, 75, 100 o SHEREX D, WORT e/r=0.15, 0.30 © 2EEHF 2D, HEA T
TERHRREAET D, TOOMERETIE L/r=100 ZBREH MHEEAVD,
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Fig.1 Combination of Width-Thickness
Ratios of Test Specimens
Fig.2 Measurement of Plate Thickness
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Fig.4 Relations between Load and Displacement
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Fig.6 Relations between Stress and Local Strain
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A=L/% A6/ E -L/r ko TEHISBL Fig.s, Table 4 WETERBB LK, Table 4 T
X FE— MR O OEHMETT, REXOBELORLKER DIA ZOEM T, A8 1.0 b/
E - TCHBERABEO LRI 2L BEBE 65=0.7loy CE-TWV3B, RTEELORKEW (XA
T DFA T OBEORRLEHET ST, AUBNERLTNS,
MEFEORZIALRSOEBMOBRFEEZHRHFITISRA. BUERE NV OBEXEABEM Y Y
OWE, TRbBIENRN—ZA TR LEREZEEITNELVAS  EVEM CilERRECKE I YIS
PEH.C DEATDLIRBERLOREVEMIFRICZS, LAL, fiREBRRELI 2T, —
B EEEERONEOFHEIE T L., 0o b0BXEBE (BRIEH 24072 L2 BER
EAME, R OERERERBE (H2E Qoy) DELITHIVZ LIZARY | #HOFDRARGN
BZ LD, Fig.d BAXA S, A—MELD 2,30XBREAEZFNLOEHM TR, Fig. 8 OfEE
A—HELARD L) . BXA TOMELMEZELERLLOT, ThiTk W A—8ME»D ., BAERK
LV OEZ AL FOWMBELE., WOLINEEEOALET P REBEHEOKEAITZ S, AENL .,
BHEONEY (1.6~2.20 TO) WHETHRBEROETIZL W A, BF A FRAERT, £l LOH
MEORKEWRH T, BREEOKE WY (, DFA FOHEMBRENCER . H5VIBEARHLD L
ST EBbns, Fig.d OXHREBEHOFHEL, REFFELSIONLHHRIIH L, COMEE A 2R
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Fig.7 Definition of the Local Fig.8 Maximum Strength of Centrally Loaded Columns
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RELVPERHT O L EFMETHD LEDRS,

e, BABMECEEREIC LD HERLL

Fig.8 WHHB TR LD ERE

WERNTE (JSHB) WM MR T, ¢, DX A 7 O LB EMA:

Bk

B ZIEA=0.8 BUFTCZoiBE TEbh | ARFVHBOEMIFRTE LR, £ T,
Table 4 Results of Column Strength
Type | L/r e s u s su/ay cu/os al/ou
(cm) (kgf/cm?) (kgf/cm?)
0 3534 0.868 0.894 0.62
50 0,151 3077 0.755 0.779 0.79
0.30r 2589 0.636 0.655 0.95
0 3280 0.824 0.830 0.50
A 75 0.156r 2367 39561 0.581 0.599 .
0.30r 2101 0.516 0.532
0 2793 0.686 0.707 0.79
100 0.15r 1465 0.360 0.371 v
0.30r 1455 0.357 0.368 .
0 3359 0.861 1.034 0.40
50 0.15r 2832 0.793 0.872 0.48
0.30r 2025 0.567 0.623 0.48
B 0 2800 0.724 0.863 0.31
75 0.15r 2420 3246 0.677 0.7486 0.66
0.30r 2059 0.576 0.634 0.75
0 1906 0.534 0.587 .83
100 0.15r 1670 0.468 0.514 0.986
0.30r 1414 0.396 0.436 0.76
] 3074 0.757 0.950 0.37
50 0.15r 2841 0.741 0.882 0.46
0.30r 2319 0.605 0.720 0.69
i 2582 0.637 0.802 0.37
C 76 0.15r 2292 3220 0.598 0.712 6.48
0.30r 1903 0.496 0.591 0.83
0 2048 0.5086 0.636 0.64
100 0.15r 1508 0.393 0.468 v
0.30r 1300 0.339 0.404 0.83
0 2678 0.687 0.947 0.56
50 0.15r 2616 0.658 0.926 0.42
0.30r 2306 0.580 0.817 0.40
0 2554 0.657 0.904 0.35
D 75 0.15r 2191 2824 0.551 0.776 0.47
0.30r 1894 0.4786 0.671 0.52
0 1987 0.500 0.703 0.55
100 0.15r 1610 0.405 0.570 0.71
0.30r 1387 0.349 0,491 0.75
u Column Maximum Stress ol ¢ Local Buckling Starting Stress
s Studb Column Maximumw Stress oy : Yield Stress
3 Eccentricities r ¢ Radius of Gyration of Area
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MEH L/r=50 OB 2EoRAE e=0.15r, 0.30r (r: F#Eb D OBFEIKRFE) 252 TEWTRH
BE{Tolk., RABES Fig.ll, Table b &R¥, AEOMENIHE KRS HWE Pu &, BRWE Py T
ERTAELZAZ T L, HEIHH oK E—2A 2 F Mu FPuXe) 22WMe—A 2 FOFEME M
TERTELIZEZTRY, £, Hhosga X (O Rty —fiF R, B80T Por DBERE
WERHE (JSHB) o L/r=50 OWLEEMBRELZ AWV, Mp 2Bt —A Y 2RV,
P M _
Por  Mp (P/P) R
E2abbhnsd L5, ZRMERME (e=0) BIUHBMLOZBRAZEROT, HEXOLFICAE L
Relgolk, WM EOTF— 2z THREMZHBTIRLDIC, XA ST L OFBERE Qy, BIV
P BRI Mu Z VW TERRERZERTEL, BB L2RBT L Fig. 12 KARTE3 R, TRTOFKH
k> TEE2MOHEBEBELNS,
PEDX 3, G-FactoriE3 P OUBENRE O LR BFE ) — T EERE T LRWER 4 U5 HHM
P/QPy P/Py

Tyee A

Type A

e=0.15r
T B / e=0.30r
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Fig. 12 Correlations between Axial Load and Moment Fig. 11 Correlations between Axial Load
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and Bending Test Results
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LT, RORHRZEE L TIDONIRERFEARD LN, EHMBIEHZA XL ILEHEDCS
WEHRED ZWIEHITEEL, ZBRDS5WERITNICL EDTEPRIEZLRNVEVWIREEZILSL S,
¥, ZRECELDXDRESTIHEEBBHSLETHS,

(6) #hiyEk

SFulE D VIR T EBRE T, Fig. 5 EEBREMHRAT J o VmEt L. B 1RSI Y
DFROTHEF VIV BHEEORBEOHTEFAL, 77V VBRELORBREN DX AL LEHIC,
HFIE S on/oy (on=i-Bi/ly) LREOTHLOBEHEE Fie. 13 WFT, HFOUOTHALBRAMNE»H 7
FGUVRBERREMTE AL M M Bbohd, FHEEA ST EEREOERMFE—A b
Mu, 2MEE— 22 bOFRE Mp. B Mu/Mp, RBERBEE—A M M, BHERE—A 2 M
MI/Mu % Table 5 W29,

TSIV TR—RIT, FOEXBRELIY, D=7 0L S CHERBESHHTERVEEZLNBH,
AEBBENTT IO, BABHMTOHI L LD LT, DA TR T I UVERELEDOHEDRH
UEBORBMTHRERE N, TR TEAOZ L THY | FEHEBTHEMOT T Vi bERERRER
R TCEB VB0 BN,

EBRERHETRE o b28Ee—A 0 b GHEM M Lok, ¥H 0,986 T, REERR R
EL2HMTHY 2l b I3 ERBHE—A L VCETHHITHRESS N,

Table 5 Results of Bending Test . Test Specimn (0850)

Type Mu Mp Mu/Mp | M1/Mu
(kgf-cm) | (kgfecm)

A 81090 88630 0.92

B 102300 99170 1.03 0.84

C 167000 154200 1.08 0.68

D 172000 187100 0.92 0.55

. ] 0 2 ¢ 3 E
Mu © Maximum Bending Moment Mp ¢ Plastic Bending Moment Strain, £ /ey
Ml : Local Buckling Starting Bending Moment N

Fig.13 Relations between Bending Stress
5 and Flange Local Strain
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() BELAOOWME BREENIEFOREOTEEHBHM & BEFAETHIN, YT PRIHET
0.boy BEORRRELEMBERIBRELNL,

@) FlcbHZOE BREOHMAOLAHTHER, B bAER L © 1TO0I~BRET, HRHY
THYRPLBHTHREISBEERTWE, 7590 VBIV V= 7ORERSLOEREL /N &R
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(G) FOEB I UEOEMER  POEEREROBE., EELOKXKE VS C, DWIE Tk Mm%
DORIEYOREV SN Ty = T ICHBRRWEREZAE L, XY, BEBRRESHSEWI &8 bh
o, BEROKREWVWT =TT, LVBEVEAVRVCREBEREZELSRD, LD Y =T OHRBE
S5 b0 e PRENES, V=T OEROBER, 77 v Vb MTERBELS Z ERbRoT,

O EMIRE S Q- Factord iR XV BIT 3 L | MFORHERRE MR ISES L, REHMERE 4
CaHMoEREREICE., HBENAXRIELOBRLNE,

6) E2bNEHEMEIFLTRLBEN., TLRELBERHEX A F2BRI 72D, Fig.9 &
AT LI, M EREZREZEAN—RATEY, BB EL R L5FMEX A ST LICR
RolMBELORF —VCRBBREZRTT D2 HFERRR L, RRBEICH L TR, ARV TR A,
BEATH, BRI LTRIEBEEARESBEWVERITRBERBELS C, DXL THBERTHD
EBbobk, TOFERLIY, REEFRRELRFEIATEASBRTEDI LI CRD,

(N RO EMIRE B — MBI cRT L. MEMRB IOMT 8 2 RE | BEOFMEKX TR
fliT& %, Q-FactortbZ AV 3 L HWEFHEDOT —F I LTH ., HFEHBERc2iRilicel,

8) HITPER FEHEbYCHTRREToLEZA, BELOREZVEES A 7Tk, ZRETPH
EOH CHOMETT I Vv IORRBHERBORER R, 770V 0=70L 5 RREEBESHHFTE
RV b2 bHT, ERBOWHLEARPFHULZKREVWI b o, RFMTBEOLHHEITL
Wi —AY FPOHEBEORN 99% KETELE,
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