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A Study on the Strength Evaluation of Rectangular Steel Tubular Columns Infilled with
High Strength Concrete
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Abstract

The CFT columns used in thin—walled steel tubes can be more economical, because it was expected the increase of
strength by restriction for the local buckling of steel tubes. The purpose of this paper is to review feasibility of existing
design formula and verify the applicability limit of width—to—thickness ratio for increasing the strength of rectangular CFT
columns. As the main parameters of experiments, width—to—thickness ratios of steel tube, height of rectangular concrete
columns, and concrete filled or not. The strength of concrete are selected to 90MPa. From the test results, the
confinement effect of steel tube on the compressive strength of infilled concrete is remarkably appeared in the
thin—walled rectangular steel tube columns infilled wih high strength concrete. By the non—linear analysis, the axial
strength from experiment result was given higher than analysis result for all CFT stub columns.

Keywords :
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Fig. 1 Test setup for rectangular CFT columns

Table 1 Summary of Specimens

. i Mch—to—
Specimens | B(mm) H(mm) ok t(mm) | thickness
(MP2) ratio
HCSC9—-25 150 450 90 6.0 25
HCSC9-33 150 450 90 4.5 33
HCSC9—-47 150 450 90 3.2 47
HCSC9—-65 150 450 90 2.3 65
HCSC9-94 150 450 90 1.6 94
HCSC9-125 150 450 90 1.2 125
TSC-25 150 450 - 6.0 25
TSC-33 150 450 - 4.5 33
TSC—-47 150 450 - 3.2 47
TSC—65 150 450 - 2.3 65
TSC-94 150 450 - 1.6 94
TSC-125 150 450 - 1.2 125
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Table 2 Summary of rectangular concrete columns

Specimens B(mm) H(mm) f MPa)
RCCY9-30 150 300 90
RCC9—-45 150 450
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Fig. 2 Solid 45 element(using steel tube elements modeling)
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(a) Solid 65 element
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(b) Stress—strain model of Solid 65 element
Fig. 3 Solid 65 element(using concrete elements modeling)
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Fig. 4 Contact element
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Fig. 5 Axial load—strain relationship of HCSC—series specimens
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Fig. 6 Axial load—strain relationship of TSC—series specimens
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Table 3 Comparison for strengths from experiment results

Table 4 Experiment results of rectangular concrete columns

Specimens Z{“;]; (SG) (ki") f}%jx f?’:\ 6;‘ (%) Specimens (13\?)\ S(:Ii(z);q fck (MPa) | f. (MPa) fck/ fer
HCSC9-25 | 2912.6 | 3158.9 | 2871.4 | 0.92 1.01 0.39 RCC9-30 | 1686.7 22,425 | 7521.5 9689 0.78
HCSC9-33 | 2647.8 | 2900.8 | 2608.6 | 0.91 1.02 | 0.36 RCCO9—-45 | 18289 22,350 | 8183.0 9689 0.84
HCSC9—-47 | 2486.0 | 2554.0 | 2252.6 0.97 1.10 0.37 P . Ultimate strength of rectangular concrete column specimens (kN)

HCSCO—-65 | 2324.2 | 2347.7 | 2038.8 | 0.99 1.14 | 0.35

HCSC9-94 | 2294.8 | 2320.2 | 2006.4 | 0.99 1.14 | 0.35

HCSC9-125 | 2343.8 | 2330.1 | 2012.3 1.01 116 | 0.37

TSC-25 1394.5 | 1278.8 - 1.09 - 1.10

TSC-33 9336 | 9581 - 0.97 - 0.39

TSC—47 447.2 | 5433 - 0.82 - 0.24

TSC—-65 192.2 | 288.3 - 0.67 - 0.13

TSC-94 111.8 2215 - 0.49 - 0.15

TSC-125 79.4 210.8 - 0.38 - 0.14
P_. . : Ulimate strength of CFT stub column specimens (kN)

max

P, : Pure composite strength of CFT stub column specimens or

yield strength of rectangular steel tube specimens (kN)
P Composite strength of CFT stub column specimens decreased

o

concrete stress(kN)

€, * Strain in the ultimate strength(%)
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Fig. 7 Comparison of strength increasing by width—to thickness
of steel tubes
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max
f;k : Compressive stress of rectangular concrete column specimens (VMPa)
fu. © Cylinder stress of concrete(MPa)

b/t=1.4,/E/F, (KBC 2009) ©)
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(a) HCSC9—125 (b) HCSC9—94

(C) HCSC9—-25
Fig. 8 Failure appratus of HCSC—series spemens

Table 5 Comparison of ultimate strengths and composite strengths

P | B ] B | P | P | B/
@ | o | &0 | /B /P, /P,
HCSC9—25 | 2912.6 | 2860.6 | 3158.9 1.02 0.92 0.91
HCSC9-33 | 2647.8 | 2600.7 | 2900.8 1.02 0.91 0.90
HCSC9—47 | 2486.0 | 2241.8 | 2554.0 1.11 0.97 0.88
HCSC9—65 | 2324.2 | 2028.1 | 2347.7 1.15 0.99 0.86
HCSC9-94 | 2294.8 | 1984.9 | 2320.2 1.14 0.99 0.86

HCSC9-125| 2343.8 | 2000.6 | 2330.1 | 1.17 1.01 0.86

Specimens

P“' : Composite strength used the compressive stress of rectangular
concrete column
(Pu = ASF;/ +Ac.frc)

f.. © Compressive stress of rectangular concrete column(MPa)

P, : Pure composite strength of CFT stub column specimens (kN)
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Fig. 12 Aial load—strain relationship of TSC—series specimens by

analytical results

Table 6 Comparison of test results and analytical results in
rectangular steel tube specimens

P P P P P/
S : S aty max y max y
PECITENS 1 v (kN) N L, | P,

TSC-25 1325.1 1394.5 1278.8 1.05 0.97

TSC-33 1030.0 933.6 958.1 0.91 0.93

TSC—47 561.8 447.2 543.3 080 0.97

TSC-65 304.1 192.2 288.3 0.63 0.95

TSC-94 225.2 111.8 2275 0.50 1.01

TSC-125 163.6 79.4 210.8 0.49 1.29

oL + Yield strength of rectangular steel tube by non—linear analysis (KN)
P, .. ¢ Ultimate strength of rectangular steel tube (kN)
Py . Yield strength of rectangular steel tube (kN)
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Fig. 13 Cpmparison for strengths of rectangular steel tube
specimens by experiments and test results
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Fig. 14 Comparison of strength evaluated from experiment and
analytical result in rectangular steel tubes
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Fig. 15 Comparison of strength evaluated from experiment and
analytical result in CFT stub column specimens
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