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Mechanical behavior of special-shaped CFT stub column under
axial compression

LUO Liang"*, YAN Yuxiang'?, LU Hui'** , ZHANG Chengming'"
(1. College of Civil Engineering and Architecture, Nanchang Hangkong University, Nanchang 330063, Jiangxi, China; 2. Jiangxi
Provincial Key Laboratory of Prefabricated Building and Intelligent Construction, Nanchang 330063, Jiangxi, China)

Abstract: Based on the existing triaxial plastic damage constitutive model of concrete and the elastic-plastic constitutive model of
steel, a three-dimensional solid fine finite element model of L-shaped, T-shaped and cross shaped CFT stub columns was
established. On the basis of existing experimental verification, parameter analysis was conducted to compare the effects of steel tube
strength, concrete strength, height to thickness ratio of web and wall thickness of steel tube on the load-displacement curves. The
results showed that when the yield strength or wall thickness of the steel tube increased, the ultimate bearing capacity of the column
significantly increased, and the ductility was better. When the strength grade of concrete or the height to thickness ratio of the web
increased, the ultimate bearing capacity of the column increased, but the ductility decreased. The confined areas and unconfined
areas and the corresponding mean values of concrete Mises stress were determined when 3 kinds of stub columns reached the ultimate
bearing capacity, and the practical calculation formula of ultimate bearing capacity considering the confinement coefficient was
proposed. This constraint coefficient was mainly related to the height to thickness ratio of the web. The comparison of the ultimate
bearing capacity calculated by this formula with the experimental values and FE values, proved the accuracy and effectiveness of the
formula, which could be used for the bearing capacity calculation of 3 types of special-shaped CFT stub columns under axial
compression.

Keywords: special-shaped concrete-filled steel tube column; mechanical behavior; finite element analysis; ultimate bearing
capacity ; confinement coefficient
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Table 1 Basic parameters for concrete in ABAQUS
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Table 2 Dimensional parameters of 3 types of special-shaped CFT columns
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2 LK k(2] Cl 400 150 250 150 1.67 6.00 800
3 (A1) Suk(3) L2 200 100 100 100 1.00 4.00 800
4 SCHK(3] L3 300 100 200 100 2.00 5.00 1200
5 SCHEk[4]  T300-6B 300 100 200 100 2.00 6.00 900
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16 SCHR[11] Cl 240 80 80 80 1.00 3.64 720
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18 (47 k(1) C10 240 80 80 80 1.00 3.72 720
19 SR 11] C13 440 80 180 80 2.25 5.60 720

¥ 3 Fh SIS IR EE 4 09 A PR JC Mises L 77
7 A BRIl ) ey 28— b ) 7 % il 26 5 i g0 4
X, WK 7~9, B 10 X T X 19 M RIEHER

e A BRITTHA 5 SR 1-9, 11 6 YRR BR AR 2
JHE, AR (1) A RO AR R PR BIRE S
R BN A S L AR S A B A X (i M) TR



5 3 1 B, A SO B TR BE Al A A ) AR e 107

(2) A RRICH 5 5080 AW BR & 3 2 346
10% AN, —F L ERNE R 1.029, B E RN
0.065 , & A H: 37 A A BIR 0 A 1Y 5L A7 4 w8 (ARG B, T

B AR T BH A DX (Tl b ) AR A AR X454
BG4 BROCTT 5545 2 A 47 28— (2 78 5% & it
2SI L) & R4, JCHOE SRR B B w2

M4 3eA—3

HERASADL I YA R 5 T A B R RE

N = e Lo — i Lo,
8t VRN I 4 R s
Z R 2NN
s o !/ R z O / S ==
& / T - - 2 7 ~_
' o4ry = 2 %
= /
UL IR
) p
0 L 1 | 0 , ) ) )
5 10 15 2 4 6 8
{7 F%/mm (%% /mm
(a) SCAR[1-2] (b) SCTR3]

Bl 7 LA TR BE LA 00 FR TS 6 Ay 8- 1048 i 2o e

Fig.7 Comparisons of FE versus experimental load-displacement curves of L-shaped CFT column
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Fig.15 Mises stress nephogram of core concrete of L-shaped columns
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Fig.16 Mises stress nephogram of core concrete of T-shaped columns
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Table 3 Confined and unconfined area of core concrete at ultimate bearing capacity
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Fig.18 The ratio of Mises stress to axial compressive strength f, of core concrete
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Table 4 k corresponding to different height-thickness ratios
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LJE 1.365 1.250 1.135 1.020
TIE 1.380 1.260 1.140 1.020
T 1.345 1.250 1.155 1.060
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Table 5 Calculation formula for ultimate bearing capacity of CFT stub columns under axial compression

P SCiER WA
1 AHFFE N, =kf.A_+f.A,, k=—0.22B/D+1.47 (4)
2 SCHk[ 16] N,=fA., f.=(1.18+0.858)f., £=fA/(fA.), f.=0.67f, (5)
3 k[ 17] N,=f.A+.A, (6)
4 SCHR[ 18-19] N,=f.A+0.85f/A, (7)
5 SCHk[20] N, =f.A +0.675f, A, (8)
6 SCHR[ 21 N, =fAHA, (9)
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Table 6 Comparisons of formula calculation result versus experimental result of ultimate bearing capacity
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MR AR RpGAR(4) R(5) (6 () A (8)

1 SCRL 1] L-NR-2 1.00 1.25 1 962 1.012 0.954 0.944 0.916 0913
2 LEAE  SCHER[2] Cl1 1.67 1.10 8 810 0.898 0.830 0.961 0.823  0.820
3 (41)  SCER(3] L2 1.00 1.25 2 460 1.045 0.897 0.915 0.879 0.838
4 SCHR[3] L3 2.00 1.03 3 708 1.052 1.024 1.135 0.996 0.952
5 CHk[4]  T300-6A 2.00 1.03 3244 0.954 0.981 0.942 0915 0912
6 CHk[4]  T300-6B 2.00 1.03 3170 0.976 1.004 0964 0.936 0.934
7 SCHK[ 4] T300-8 2.00 1.03 4077 0.980 1.031 0.972 0.951 0.949
8 SCHK[ 4] T300-5 2.00 1.03 3139 0.978 0.985 0.967 0.937 0.935
9 SCHR[ 4] T250-6 1.50 1.14 2 804 0.938 0.920 0.890 0.865 0.862
10 SCHK[ 4] T250-8 1.50 1.14 3539 0.952 0.977 0917 0.898 0.896
11 SCHK[S] TG-1 2.00 1.03 1 740 1.039 1.234  1.190 1.091 1.085
12 SCHK[6] T-1 1.25 1.20 1 956 1.088 1.012  1.207 0.966 0.963
13 CHik[ 6] T-2 1.25 1.20 1942 1.096 1.020 1.114 0.973 0.970
14 . CHR[7) C-1 1.00 1.25 1 654 1.114 1.088 1.101 1.055 1.052
15 (Tzi‘c’ f‘) SCHRL 7] C-3 1.00 1.25 2225 1.068 1.017  0.990 0.958 0.956
16 SCiR[ 7] C-8 1.00 1.25 2 294 1.077 1.104 1.007 0.978 0.976
17 SCHR[ 7] C-10 1.00 1.25 1 505 1.075 1.061 1.050 1.000 0.997
18 SCHR[ 7] C-13 2.25 0.90 3216 1.158 1.294 1272 1.228 1.225
19 SCHR[ 8] NT-1 1.00 1.25 935 1.087 0.985 0.989 0.959 0.956
20 SCHR[ 8] NT-2 1.50 1.14 1 037 1.048 0.987 0.991 0.961 0.958
21 SCHK[ 8] NT-3 1.50 1.14 1253 1.043 0.981 0.98 0.955 0.952
22 SCHK[9] TA2 1.45 1.15 2672 1.082 1.056 1.062 0.990 0.985
23 SCHA[ 10] TN-1 2.00 1.03 2 589 0.878 0.856 0.862 0.803 0.799
24 SCHk[10] TN-2 2.00 1.03 3192 0.866 0.845 0.950 0.792 0.789
25 SCHR[ 10] TN-3 2.00 1.03 3235 0.985 0.939 0.920 0.899 0.896
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Fig.19 Comparison of Eq.(4) result versus FE result of ultimate bearing capacity for full-scale models
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