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Static experiment and analysis on local buckling phenomenon of steel tubular stub column at

thickness transition portion
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This paper presents both experimental and analytical studies on the occurrence condition
of bulge local buckling phenomenon of steel tubular stub column with nonuniform thickness
around the thickness transition section. First, the occurrence condition of bulge local buckling
phenomenon is investigated by using an axisymmetric finite element method that takes both
material and geometrical nonlinearities into account. Then, steel tubular stub columns are man-
ufactured following the above occurrence condition. Static compression test was performed for
the specimens, and it is confirmed that bulge local buckling occurrs around the section where
thickness of the specimen changes. Finally, the static test results are analyzed by using a three
dimensional finite element method. It is shown that the analytical results coincide fairly well

with the experimental ones.
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GGl
aisféis
Displacement Gi8§ GITiG19 |
Sensor 22 §! G211GZ3

N\

Test Bed

H-6 FHHIEE

3.3 RERERLZR

BEH-1 T2 6=3.2mm TOHGAED JFEREHE
—RFERT. B4 THESINZED, MELLEE L
TRROEEFRREREREHERLE TS, KR
WRIZK 21, Elao T3,

B-7 I E~BMBERERT. B-7 L0, KM
NRZH L ROBEIERHE R ORE R EHTE, ER
HaR (FHR) DEEHEMEIT P.,=188.1kN, FHUTkid

ER-1 RMEEE—F (EBHER : 6=3.2mm)

B BRI 6,.,=0.29mm E725. ERLY) T3S WrE
OFLEIEMESERE I 4 ORERRERNVNES
NTNW3. ZNS5ORERTIE, BATLFHER/Z
A=W a;=8.8 (HERAED LI THHIEBEIS ST o,
BIZIERRIES o, ICHELL<RD, ZNEEICEER
HEHEETNE Por=Ai0c=mt1(D — t1)0,=185.1kN
iz, EBRHER (188.1kN) LIFEFE— T 3. I7ab
5, EEMEZTEZBRICTNIE, AEZROFAITIE,
BEAE QW O FOBEMREAEREICH T 2BERER
MEHTEDZ E0NDON 5.

-8 ICI3E O A~ R ERT. B-8 LD,
HRAEDER (Front) &EZTOMAMBOEE (Back)
TOEBHEREOLEID, WEZLIE L (S3) TidiE
VDT HDE— 7B THIMENPLR LS TNTNSEN, &
NS OWIE (S1,52,894~86) TIIRFRIED MR 7=
INTWBZENOMS. ERM LR (S1,82) LEA
BITFER (S5,96) DEEMHUTH e, 1, H1FDEHE
FRNFEET 2 BEEEN 6.,=0.29mm T (RHROE
—7 DRIE~EMBERICBT 2BRAMIEOENS) TE
NTHIHR 0.11~0.20% &% 0.11~0.12% DE—V %
&L, #EARLER (S2) TRIBROTH ,20.13% &
POEZHEHERIC, AR EE (S1) ZERAITER
(S5,56) TIIHMEMNICH D bbb, —F, ¥
HE{LHE L (83,84) TIE, BIEHOTH ¢, DE—
T EVERNFEAE U BN 6,,=0.29mm %8 X 5 HE
I 6=1.0mm & 0.8mm TN TWB. FLT, D
EIZZNENK 0.84~1.0% &5 0.66~0.77% K&K
D9 B £,=0.13% DK 5~8 FEDEMIITEL TV 5.
Tabb, BEERIIEEELHEL (S3,94) THRA
U, UL EFROBEFBTERER TH D LM
wWEIND. mAMALRE, BEMHEOTHI5IERANICTK
i BAOLTEO, EEMNENCES OEITNEEL
MR BRI N RE U THEBTREICR ST IR
5N5.
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250 - y
STATIC
200 | — Measured
\E, 150
R
g 100
—
50

O i i 1 L
0 1 2 3 4 5
Displacement ¢ (mm)

E-7 rrE~EL R

4. EMEBEROI I3 VEHR

R DEBRAERIT, 2F TR/ DIANA ZHWz
2 RITHFR S T VERHTIC & B R R A St 2B R
TEHHDTH AN, 2KTEMFRS 2V TO LT
DEAFHETEEETHD, ERFHELRLZ->TH
5. TIT, RDFEMMBITICK DMt OREEN 2
WRT 5720, EREBRERO 3 RIUFEM & 217>
7. aB, BEMFIIIRIEREEGERT 0SS
2 MSC.Marc 200129 ZFHW/=.

4.1 BREETN

B-5 1R T itk 0B IR & R E S04 O FRYE
N5, #EADFRIO 1/2 2HBITETIVICREL 2.
BE-9(a) ITRT LD, EWHEMEEEOEREDHT
BhIEIC 4 SR )V E#E, LI - TH#k e TR+
DHREBEERIC S HIRY Uy REREREL 2 3 Kud
BEHERSE 2T, EH#HRIE, E-9(b) IR THE
ROWE (N 64mm, P 74mm, HFE :3mm)
ZRRVITZEFELSE (120 EH) 2170, MBRIROWEIC
-9(c) ITRT R DICEFESE (Q0EHF) LizzihF
FEEH (B 10mm, @& :3mm) ZHALZ. [
BRIZ, TH#MROMABROEBICO IRF O RESRZE
BALTE.

ZWEME S ORI 11 B, MREKE
0% 78 & Lz, #ihmaEN, B-9(a) ITRTELD
ZPRIRFE AP R I 5 4y EIE (Bl e B P J
BRNICHERZEE) 19 227 L5 B (;=63mm,
t1=1.6mm) TIIWELEIME D LD 60mm DZE 30
FoE (EFEE: 2mm) L7z fElEokmE iRt
RIENER T SHEBOBENEEIT/Z> TS Z &I
&, FEETE (l9=63mm, to=2.1mm) DEDHRIEE
BEBIIBNE<TZbDEL, EFOERE (BHRE:
2mm) KOEWER (EHFE :05mm, EHOKE :

(a) S1
—— Measured (G1)
-==-- Measured (G3)

& (%)

& (%)

g

<

=]

wn

E ¢ -0.1[g--mm

< -

g o2} ®S2

g — ' ——Measured (G5) .-
% § - === Measured (G7) =t

—— N’

8w

x o

< ' L L L

§= 3f@ss ]
< L —M d (G9) LT f
‘u‘:) § ? [ Measured 2611)

'?e -

< -lp e .

g 3t (d) S4

< L —M d (G13) -
% S % [ Measured EGIS)
— S’

[~

= of 0 .

< ~1} =

£ (e) S5

8 0OF —Measured(G17)

5 § ~=== Measured (ilz)-_ N

— S

2w

<>t< -0.1

£ (f) S6

& OF — Measured (G21)

= ---=- Measured (G23)

w2

=

<

<

0 1 2 3 4 5
Displacement ¢ (mm)

B-8 #iOd A~ R

t1, FHOWE ) 1 BRTHEILZ. THTE, K
EESERE D TO 19.5mm O 10 28 (Bk
£:1.95mm) L, TOFD 43mm OETIE 5 2EIL
THHMWICERR NI Sk,
EWEMESEEO Lo LT 1 BF (BEHEE
3mm) THEIL, #HRo _EEHMR O MEIROEICHEA
Lz TRFDRESANCHEDAR, EHREK & ftatak
OB TUBAGEZEE L. kI, FER8R &
HRARTHOBEENEEFBEEL .

4.2 BAHEEHBTES

RNt RO IEFM R IR E R = E R T 5728, von
Mises DFERBE¥ & BEE RN S &A% A
W SRS R AN K O MEHERIEE R, £/ Up-
dated Lagrange 7512 K DM 2HIEBREIEEZERL
A IR 21T o 7. FRBRIBMT ORAEEITIE
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T4 BRNETINOMEIER (3 KRITHEH)

(b) L-ARERIREL
B-9 FTETIL (3KTHH)

Pipe Plate | Adhesive
Material STPG370 | SS400 | Epoxy
E (x10°N/mm?) 206 206 215
v 0.3 0.3 0.3
o, (N/mm?) 270 235 29.4
E,/E 0.01 0.01 0.01
p (kg/m?) 7850 7850 1900

{EIF Newton-Raphson iEZ2 Y, [HHIEREEHO
HAMBRETITY, FEEE 01% & L. HBERR
RIDH L~ Y O HBERIEINA U 7 BOER
A~MEOTHBREREL TRD . BHETILO
MEERE R4 1RT. £, TRFIRBEHO
MELEEIISCHRZY 28T LT,

BMTENBERLAT, RSO LHOLHSOR
BHEZTR2EE (u=v=w=0), FHRM#EKROTHED
Z2HRT u=v=0, MFE LTI E - TR OIS
Tov=0, WEBOH LT v=0,=0,=0 &L, WEZF
fH1I3E-9(a) {ORT FEMIRO THED 2z HE~D—kk
BEIEMANICEOMERHEAR L. b, BE
W ERTE AR OZEII ML /-,

4.3 MBITERLER
(1) REEEBRE-—-K

AN §=3.2mm 1ZBVF D FEHT KSR O B BRI %
ZHE-10 177, BE-1 ST 5 &, EHE - BT
REDWHEHZCERE ETHRAR O B Fr B i g
HEELTWA I ENHBINS. 2770, REpERE
HOHERIL, ERERTRMEELE2S 8mm #h
T ETHSDITH L, FATFERTIE 12mm &> T
BY, HTUHERERZRIFICHRLETWRW,
PR E 5 N EBRRE O K E X XFIERREICH
lLETNS.

(c) T S RHHH

i

B-10 BHERE—F (@HF#ER /=3.2mm)

(2) WOFH~ZMBEF

E-11(a)~(f) I2, #@AEIC EASIEK 6 B (S1
~86) IZBIFBEOTAOHERE - EBRERO—F]
ELUTHAAKDOER (Front) &ZFOXAMBOHFE
(Back) TOEHMHEAMOBFRERT. P, ERIT
ATREHRE, R L —SA#ERITTh et EDOER
(Front) &M (Back) TOEBRBERZRT.

ERAITE (S5,86) Tid, stEMRIIERERD
BHEL<EKRHALTHO, HEMENBFTHZIEN
birsd. —F, HREMER (S1,82) TIE, stEHZRIE
2RI ERIERZH 40~100% BRICFHEHL TS,
¥/, WiRELERE E (S3,54) i2BWTIX, Wm S3
TIREHERR EEREROMISEIIRITTH 20, B
M S4 TIRELLLZ->TW5, ZhZaiokdiz, B
BRRE i D TH A OALB N EHERE R T3 ERBERICH
L dmm BWEBIZRSDEEZILNS. Tabb,
STEMEROABIAOIE S 2RI, Wim S3 TIIER
BEFIEFACICRE 0O THIIEREREE BIFIC
—HITH5DITHL, WiE S4 TRIERBRLONEL
HMEROTHOSRANDOKENE Sz &F
A6N5. ZOLDIZ, FEEREERERTHTE
R DESOMEN - LRVWERE LTI, R
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£ o2} @Sl

&7 —— Calculated (Node 858)

ﬁ § ===~ Measured (G1)

pNG 0 =+~ Measured (G3)
_5 (.L? e T LR PSS v emmn, o e e
< 0.2

.g 0.4}F (b)S2

L. —— Calculated (Node 847) p

(*;:; § 02 - Measured (G5) ____,-’
N O —r—Measured (G7) . —-—"

< e I
-g‘@—azﬁtf>"‘

< 04} _

g 4F (c)S3

L —— Calculated (Node 837) —
) 2 F ---- Measured (G9) .
ZE —-— Measured (G11)

— -

S 0

S

< 22

£ 5] (d) S4

S — Calculated (Node 835)
— § - Measured (G13) _— _,..----"_‘_‘_'_"__ R
IS 0l Measured (GL5)--=mos it == — =

— - e, "I __.-—— E
S

193

< -5t

.g (e) SS

s Ot — Caleulated (Node 1435)

% < - Measured (G17) _ ___ememnm =
h -= Meastire;ggGJD)"

S w S

< =0.1

<

E ® S6

S Ot — Caleulated (Node 1433)

5 &Q - Measured (G21)

N ~+ = Measured (G_Zi) ______________
S W -

< =0.1

<

0 1 2 3 4 5
Displacement ¢ (mm)

BK-11 #Od A ~EALrE R

FERE N ETHEr BN TS0, ERRET
DERGHEOZE (TRFREEF OB &
4 Bl DN TN U 72 h o 72 R B FUR
DETIMMELDEEERESZTB &, £, SEOD
AT — 2D XD ICHIEALEE £ (S3,84) THHEMH
55EEANDORRMNRTMICECZEEICHL TR, &
E DT THWAMEEELR (EHBELAD 2NEYT
BNZEREREZLNS.
(38) TE~ZEMMBE

M-12 ICWE~ZMBERERT. Kb, EREE
BT 3RO T VEHEEFH N E IR HATIC
LBEEMER (LK, 3D &#T3) 2, —A8iRi
EMERICEDEREREZRT. £/, B2 #HiTO
B FR S IV E R E WA JER BT O %S FE % b
RIS, TOEME (LA, Axisymmetric &

e %) ZRmT, EWEHEEESO AR E R

400

STATIC

— Calculated (3D)

300 | -~ - Calculated (Axisymmetric) -
== Measured

= = Calculated (Uniform, 3D)

200

Load P (kN)

100

0 1 2 3 4 5
Displacement & (mm)

X-12 FHE~TMEE

UCWiliZ2 AT 5FWEMEEOERMEEHET S
=%, 3RO IVERERWEEEERBHEIIC
cl:éufﬁ%% (LB, Uniform, 3D &9 %) 2R
THRE L. BB, Axisymmetric (FFE) DOMEIERK
ELT, &4 Fo@EICTAIEEHAVW:E. AKL
0, B-7 TdRE=LDIZ, BRKMHSEESE 1LROF
HERRR T ORA S EARIE, ERER (—AER
DOEBEMEL P,,=188.1kN, ZTIUIFIET 2 EEE
fld 6.,=0.29mm &725. 3D (FE#H) OEHEMATEID
P..=188.4kN, HWHZANIL §,,=0.29mm &72D, MHH
EHLERBRICEEICIS —HKL, £EHEKmWMAISL
RO E~AM G REREE) OHEMbERER
ERIFFIZ—HLTWB I ENhM 5.

Axisymmetric (5#8) OBEEJEMEIL P,,=186.1kN,
JEIRESLIE 6.,=0.26mm &72 0, HE & DEBRERE
3D (FEH) LRIRE-TS. Lrl, BRAMIAL
BOMEMIL 3D (E#) % 16%EETER-> TS,
i, EFmOBEREHICTONT, Axisymmetric (51
B TRE2EETETIMEL TWADIZHL, 3D (£
) TIREROEEF (IHRFIREEAICES ETR
EDEE) #HEELESELTED, &< H—
ThHhWEDEEAOND. 5§ 2. Hild, BI/)NTA—%
DOEIZE > TRBERE—RNEDLIITELT S
MEFRBZEEHMELTHY, BEEZHIOE
HERREEE TORGHOBENEEIC/RS. Lo X
S, ERERMSREE 3D (EH) [T DERFR )L
EERORHRERBEE TOXEGHOBENERINED
T, 2. BITOEKNERY IVERERWEZFHERZRED
BHEENEEINEZDOLEEDNS.

EWHEEERE BH OBEE, E-3(a)~(d)
FTOEBRTREINTNBEDIZ, ETHEBEONFHRD
2B CREEEREETEAE L, 1 &R CEER M
WRATLIEMAMEEREOSE SIIRFHBERE—R
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MWELD. 0D, EEEMIT 6.,20.54mm & 3D
(E#H) DHEED 6.,=0.29mm DK 1.9 FiC/20, £
TZERRIM S R AR DR B~ R (BREREE) o
s 3D () OFEZE ERA-> TR I ENbh s,
—7j, BEEATEL P,,=188.5kN &720, 3D (E#H) O
PR E P,.=188.4kN LMD T—E<HET B &M
DONB. IO, HWEEE ORI EE
BEOHERNICL > TEMAME SO EEMELH
ETEDRREENH B ZL2RLTNS.

5. &

i

AR, STERREHE TRAE L MBI B
DOMITEZELEE LIBT3 BR O FR R R R Iz D
WT, BIERNCK 2 EARNZRBEREED A H =
ZLDEWHEBNE LT, 2 RITEFHY oIVEEIC
KB RERPR IR FE A etk A, BRRYEREEBRIC L 2 R
BEBRBEOBEEE 3 Koy s VERICLZERIERD
YRalb—alENERREDDOTH S, AWK
o THRLHNIREZENTNIEUTOLD TR S.
1. FPRUBHEENE & 5200 2 25 W T 8 B R 0D 2 KTk

M VBRICEAHNESIEREMTL D, %

fAINT A —& DERE, BEL ERELDRHE

JBE— RICHELRFER RTT I L0580 607z,

TORER, WEHELEE ETOREEBEEED

WORMAIRUEEROAD T ENAETH D I &

ZRUTE.

2. ZWHMECHEOBNERFERL D, WEHALE

T b TERAR DBl FR R 0 S 5 2 B L 18 77,
3. AWHMEENDOIRTLI 2INVERIILSI I

L= a @ik, BOERERTE SN

BE~EMEREBO CRIFICVAIL—FT 3

EMEDH SN,

2B, TXRINF-RIRRENELELT 558K R
DI QR IE IR B R RS OB RN S BE L5,
COREREHIMHELBIREINDI XIS THS.
CORBIOVWTIE, TROBRHNLETHS.
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