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EXPERIMENTAL AND THEORETICAL STUDY ON THE ULTIMATE STRENGTH
OF CONCRETE-FILLED STEEL BOX STUB-COLUMN

H#® K- TERY - FHEL T

By Hanbin Ge, Tsutomu Usami and Masahiro Terada

In this paper, the ultimate strength of concrete-filled steel box stub-columns
is studied. Concentric compression tests were conducted on ten specimens under
cyclic loads. To evaluate the local buckling strength of component steel plates in
concrete-filled columns, an empirical reduction factor, which accounts for the
effects of the filled-in concrete prism size and the concrete strength class, is
introduced. In the analysis, a hardening-softening model is ultilized to describe
the elasto-plastic behavior of concrete. The contact element for interface combined
with a bilinear constrained shell element for the plate and a cubic element for
concrete are employed. Moreover,both initial out-of-flatness and residual stresses
are considered in the plate elements. Analytical results are compared with the
experimental results. Futhermore, a parametric study is conducted to investigate
the effects of various parameters such as plate aspect ratio, plate width-thickness
ratio and concrete strength. Finally, a design formula for concrete-filled stub-
columns in compression is proposed.
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TABLE 1. Measured Dimensions of Test Specimens without Stiffeners

) b B t A, A L r L/2r | b/t R
Specimen (mm) | (mm) | (mm) | (mm?) | (mm?) | (mm) | (mm) | < 20 with k=4.0
U9-5 197 213 4.51 3654 — 592 81.0 | 3.65 | 43.7 0.844
Us-C 196 213 4.51 3654 37100 592 29.5 | 10.0 | 43.7 0.839
U12-S 263 279 4.51 4842 — 789 108. | 3.65 | 58.3 1.126
U12-C 263 279 4.51 4842 | 66800 | 790 36.2 | 10.9 | 58.3 1.126
U12-HC 263 279 4.51 4842 | 66800 | 789 36.2 | 10.9 | 58.3 1.126
U158 329 345 4.51 6030 — 988 118. | 4.19 | 73.0 1.409
U15-C 329 345 4.51 6030 | 105300 | 988 39.8 | 124 | 73.0 1.409
A, = Cross Sectional Area of Steel, A, = Cross Sectional Area of Concrete,

7 = Radius of Gyration of Cross Section, R = Width-thickness Ratio Parameter (Eq. 1)

TABLE 2. Measured Dimensions of Test Specimens with Stiffeners

b B t b, t, A, Ac L r 0.5L/2r |_Y1 R
Specimen | () | (mm) | (mm) | (mm) | (mm) | (mm?) | (mm?) | (mm) | (mm) | <20 7"“mmhmgj
S75-S(l) 328 344 4.51 38.1 4.36 6714 — 1316 132. 2.5 1.11 0.702
S75-C(1) 328 345 4.51 38.0 4.36 6714 | 104616 | 1316 43.3 7.6 1.11 0.702
S75-C(0.35) | 329 344 4.51 25.1 4.34 6480 | 104850 | 1317 43.1 7.6 0.35 0.705
b, = Width of Stiffener, ¢, = Thickness of Stiffener, y; = Relative Flexural Rigidity, 7req = Required Relative Flexural Rigidity

2.5 EBRRIUEER

(1) SlkaE TABLE 3. Material Properties of Steel

FIREBRIC L VRO B O St E v oy g E, €
WK & ERRB I X DRD 7 | (GP9) (MPa) | (x10) | (GPa) | (x107?)

. . Plate 197 0.269 266 1.34 9.40 1.53
Fvs Y~ bOMBEREETLEN Stifiener-38 | 198 | 0.248 | 309 155 | 813 | 2.20
Table 3, Table 4iZ7R7¥. Stifiener25 | 199 | 0.279 | 301 148 | 6.67 162
E = Young’s Modulus, o, = Yield Stress, €, = Yield Strain,
(2) Mi-b s ORE v = Poisson’s Ratio, E,, = Strain-hardening Modulus,
WA VDDA IERER &, = Strain at Onset of Strain-hardening

FEOHFREOME I & » 7243,

R OV f-b A PEIEEE L TABLE 4. Material Properties of Filled-concrete

5 . E. B fe

AB5HDb 2" 3RS0, BRERL Series | Days (GPa) (M Pa) Test Column

/800 (Le= 51 77 5 ARIHERE) 2 37 | 27.9 |0.165| 392 U5-C

ETH 1. C [ 47 [ 283 |0.057| 404 | U12-C, S75-C(0.35)

) X 53 | 30.7 -] 0.168 | 40.6 | UI5-C, 575-C(1)

(3) Pk ohlRE R H | 35 | 315 |0.084] 483 U1ZHC

PEE—F fe = Uniaxial Compressive Cylinder Strength of Concrete,
WHOEA, Fk VB O C = Ordinary Concrete, H = High-performance Concrete

AERESL D, BRANEICET S
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Fig.2 Failure Patterns for Concrete Prisms and Concrete-filled Specimens
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TABLE 5. Ultimate Strengths of Steel Columns

TABLE 6. Ultimate Strengths of Concrete-filled Columns

A Pu Ty / Uy Ob / Uy
Specimen (KN )| Test | Prediction (Ref.9) Specimen P Test Prediction
RS 821 | 0.846 0.829 (KN) Ref9 | Ref.5
U12-S 803 | 0.624 0.622 U9-C 1845 || 0.855 | 0.834 | 0.988
U15-S 805 | 0.503 0.497 U12-C 3070 | 0.916 | 0.622 | 0.858
S75-S(1) | 1598 |0.882 0.861 U12-HC 3999 [ 1.000 | 0.622 | 0.858
P, = Maximum Load, U15-C 3275 | 0.175 | 0.497 | 0.755
o, = Average Ultimate Stress of the Plate Panel S75-C(1) 5030 || 1.000 | 0.861 | 0.920

S75-C(0.35) | 5158 j 1.000 | 0.859 | 0.770
1.0 4000 7 AN
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e s T . .\_______\_ ------- —
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fe ) ~. el
0.5 \ 2000 1 [If '
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Fig.5 Load-Average Strain Curves of

Fig.4 Maximum Strength of Steel Columns
Concrete-filled Unstiffened Columns
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