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The aim of this study is to propose a simplified method to analyze the ultimate behavior of a concrete-

filled steel box structure, taking into account initial imperfections and local buckling of composed plates.

From model} tests, stress-strain relations of inner concrete are determined. Effect of local buckling of the

outer steel plate is taken into consideration, in determining its equivalent stress-strain relation by using

the result of a nonlinear finite element analysis for a locally buckled clamped-clamped plate. The

accuracy and efficiency of the proposed method are examined through several numerical examples.
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Fig. 1 Test Set Up for Compfessive Tests

Table 1 Specimens and Results of Compressive Tests of Confined Concrete

Name 03-25 | 03-45 | c3e5 | c4.95 | Ca-45
Thickness ¢ (mm) 3.10 4.43
Width b (mm) 80 144 208 112.5 202.5
Width-Thickness ratio b/t 25.8 464 | 671 25.4 45.7
Length (mm) L 160 288 416 225 405
Steel Young’s Modulus (GPa) 194.1 209.0
Yield Stress (MPa) 278.6 319.5
Yield Strain (u) 1439 1529
Poisson’s Ratio 0.351 0.324
Concrete Young's Modulus (GPa) 27.4 27.4 27.4 27.4 29.4
(Cylinder) Compress%ve Stre.ss g (MPa) 37.7 37.7 41.1 37.7 36.3
Compressive Strain (u) 2197 2197 2381 2197 2504
Poisson’s Ratio 0.24 0.24 0.23 0.24 0.22
Bare concrete | Compressive Stress ¢ « (MPa)¥ 28.1 29.8 31.3 28.4 26.8
Confined | Maximum Stress o m_MPa) 494_1 419 | 420 | 519 | 444
0 m/0 ¢ 1.31 1.11 1.02 1.38 1.22
Concrete — -
| Modified Maximum Stress o w(MP2) _ | 475 | 385 | 373 | 474 | 415
| omlO0 126_] 102 ] 091 | 126 | 114 _
0wlo b 1.69 1.29 1.19 1.67 1.55
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Fig.5 Buckling Modes of Vacant and Filled Tube

Table 2 Models for Local Buckling Analysis

Thickness (mm) 4.5
Width-Thickness Parameter 0.5,0.75, 1.0, 1.25
Young’s Modulus (Gpa) 206

Yield Stress (MPa) 235,314, 451
Poisson’s Ratio 0.3

Aspect Ratio 1.0
Maximum of Initial Defrection b/150
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Table 3 Material Properties

Table 4 Material Properties

Steel Young’s Modulus (Gpa) 216 Steel Young’s Modulus (Gpa) 206
Yield Stress (MPa) 322 Yield Stress (MPa) 367
Yield Strain ( i ) 1490 Maximum Stress (MPa) 433
Poisson’s Ratio 0.23 Concrete Compressive Stress (MPa) 31.6
Concrete Young’s Modulus (Gpa) 26.5 Tensile Stress (MPa) 2.0
Compressive Stress (MPa) 37.7 p
Compressive Strain (&) 2510 N l N
Poisson’s Ratio 0.26
— I —
Load
N | 1
H H 100 700 700 100 ()
Test Fig. 13 Bending Tests of Concrete-Filled Steel B
e — Specimen 1g. ending Tests of Concrete-Filled Steel Box
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Fig. 11 Pure Compression Test of Concréte-Filled Steel Box
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Fig. 12 Test and Numerical Results

H TR & 7 O AT B

(1) tRE& L EBITE
AFENTEOBIT 2207 5 RERE MM ~DOBRGIE L
T, WA B X VTN 7 ER Y% R RITHIT 21T o 72,
HREE UCHEA LZHEE L, STKR4A0 T, RE
t=3.2mm. BrEiE b=100mm T3 5, (EEL bi=31.3 (§E
HF A —X& R=043) Th Y BEEEIZLENEZ DI
QWEIETH B, HE. T2V — N ENBRONEN
{4 % Table 4 [TR7,

EBIFig B DX 5T, #ZEEO 1/3 12 % 75 18.0
DO—EEN X TOARECHBRABPRITHFHE P 2.,
FORTOENM S BEHIL%,

() FEATRER & ERBER O LI

JEAERIR T O JREREEE D FHEIZ OV T, AEATIRIC
BOTHRERCMEREEX b0 2ECERINE
=%, BT OWTIRAR 7 7 P ORICERFEE
LRBARZELDTHAEN, Ty =7 TbER LAY
bRONATD, AFETE, Zhz2v7bERL
TR AT o 72,

ERERL LEOEBTER LIS CFg 4IZRLTY
%, FNTRERE LCIREREEOREBET 7 VDA
EBLEA (Case A) &, 750V, U7 OEFIC
ZEL7-5E (Case B) . BIUORHEREOREY EBHR
L7254 (CaseC) D3 PERRLTWVD,

IORIC KB L, BITEBRIEY — 7 HEORES 1
~2 BIFRE/NE RS TWBHR, T S5.1 DFE L Rk
W RO KX X% /150 L REMICEER L TVB A,
BIO, BEEHOEIMEIC OWCOFRRB LN

—223-



Loclzd:P(kN)

O ——— T
' | _{Experimental Result]
50 ﬁg\ ————
40 AN N—— Numerical Result
A NAN ase
30— ! : Case C
20— §§s $\<\%:
10f——— ﬁk —

OO 5 10
Displacement: 6 (cm)

Fig.14 Test and Numerical Results

STl ABMEBREL CERLEARRATICRAONDS
HEAVTVSAICEELTWAEEX DN,
—FTE—ZUBOEHTE, RRERZER L
Case C TiX. TOEREZBRICHML THBDIER L,
JRRTEE IR % & L7 Case A B L TN CaseB Tit. BitEICE
HETOEBR I KRBINTVS, £, Case A & Case
B ORREHET S L, ¥ —JBETEVRARLNR,
FOEZFNZLEREV LD TR Ao, ZHIET T
CULKRBLCY =7 3T T 3 EREANAEN
TLICERTBEELXDNDR, ZOZEND, REE
BOEBY 77/ VPORCERTHZELETHIRD I
HfirExA LB TERLEILND, £, VT
DEMEREECELTH, AR TEE SN REPE
BOEBYERATIZLickoT, ERAL+S 2L
EXBZEBTELLEIDND,

6. F5im
ARECIET 7 A R—EREANEar 7 ) — MEE

S BEDMIMERRRE L, AR CBLNERE

RUTOEED TH B,

) MBI REEI N2 ) — OB I L 2K
REFHETEOOEREITo %, ZORER, BEL
PASVERTHARDRICL Y PR ORELR
BARABNBZEBRLIot, —F T, BEENRKEN
R THREDRIIA LN N, HAEHEREDHE &
TR LITLALELLRIRD I BRI,
BB, BELCELLTRIEaY 7 U — MIRKEN
BEBRDEELREAEHER L. F 7740V T 41
B BRENTE,

(2) UEOEREHEIL AR 7 Y — b DIEH—OFTH
BREMAEOIREL L EMRBRECEERL LTl
RBHFRELREER L %,

(3) SAB DREREIE % ST 5 7o, RERIZ XD FEM
T KD | BEEE DR B EER L HE OIS —
OTHBEREZBEL L T OMICET 5% E L
TEHLEZ,

@ LLEE 7 7 4 N—BEERIT X B FEM BATICERD AT
FEAT 21T o7 & T A, BIEM 15320 24854, B &
O—E#WA T cliF 2% 310 — T OVTFh
by E— 7 {TIEOWEZEFEDITEHME LTV 328,
BRULBRGRERBB LN,

G) BT 2R ITARERBICE L TERFEICT L T
1T H 56, REBBOMEBIITZ 7o VORICER L
ERETOTOREANRBRIEREBDI LR T
&5,

BE R

1) i 15, Won #EER, LR B, FH wRE, F8 B
3k NERiC 2> 2 U — D B2 FRE L ARSERD /L
FEJE B9 5 EBRAOBTSE, METLTHERE, Voldla,
1995.3

2) (ih) R ARBEE LG G BHMH v 2 ) — MEEREE
#e [RIfR, 1987

3) BB NE—, B —Z, RERE : &fH=> 2V~
BHOHBRREKFEHODORBRECANDS a7 ) —
FOIET — O HBAR, EARFESIHIE No.520/V-28,
pp.1-11, 1995.8

4) 1 AR BRERESN@mREa 7 U — b ORkAl,
a7 Y — b TEERMICHRELR, Vol.13,No.2, 1991.

5) T.Kitada, O.Yoshikawa and H.Nakai : A Design Method for
Steel Plate Elements in Concrete Enclosed Square Steel
Tubular Columns, The First East Asian Conference on
Structural Engineering and Construction, Bankok, 1986.1

6) T.Yamao and T.Sakimoto : Nonlinear Analysis of Thin-
Walled Structures by a Coupled Finite Element Method,
Proc. of JSCE , No.374 /1-6 , pp.57-66 , 1986.10

7) S. Komatsu and T. Sakimoto : Nonlinear Analysis of Spatial
Frames Consisting of Members with Closed Cross Sections,
Proc. of JSCE, No.252, pp.143-157, 1976.8

8) ILE &, WA &, WX B 8EE 5T 58 EARM
Bar s Y — E OB g T TR U B R
BT AR, BAREESRSFINEHEERE (L
M), 1981.9

9) JXKawaguchi, S.Morino, H.Atsumi and S.Yamamoto :
Strength Deterioration Behavior of Concrete-Filled Steel
Tubular - Engineering  Foundation
Conference on Composite Construction II, Potosi, MO,
USA, 1992.6

Beam-Columns,

(1996 42 9 A 6 HZAH)

—224—



