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Numerical study on axial compressive performance of
column-in-column composite member

JI Jian-jun, LI Hua-wei”
(School of Civil Engineering, Guangzhou University, Guangzhou 510006, China)

Abstract: Based on the column-in-column ( CIC) axial compression test results, a refined finite ele-
ment model of CIC specimen was established by using ABAQUS software. The accuracy of the numeri-
cal model was verified by comparing the axial load capacity, failure mode and axial force- longitudinal
strain in the middle height column curve of the specimens. The stress distribution of steel tube and
concrete in different stress stages was obtained by stress analysis of two typical specimens. The results
showed that the maximum stress of the outer steel tube for the outer column occurred at the local buck-
ling area. The concrete in the outer column was in a full compressive state during the loading process.
The inner column concrete suffered bending failure with the increase of axial loading, and thus the
concrete was gradually transformed from the compression of the full section to the compression of one
side and the tension of another side. With the calibrated numerical model, a parametric study was
carried out to investigate the axial compressive behavior of CIC specimens. The results showed that the
axial load capacity of the specimen decreased by 71.6% with the increase of the diameter-thickness
ratio of the outer steel tube in the outer column from 31 to 125. The axial load capacity of the speci-
men increased with the increase of the steel yield strength and concrete strength, but decreased with
the increase of the length-diameter ratio of the outer column. A formula for calculating the axial load
capacity of CIC members was proposed by using the test and numerical results.
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Fig.1 Schematic diagram of CIC specimen
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Fig.2 Dimensional drawing of the cross section of CIC specimen
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Table 1  Dimensions and axial loading capacity of CIC speci-

mens

N = L, D, xt, D,xt, L; D;xt, N,
R4S ,

mm /mm /mm /mm /mm /kN
100 x3 2 091.39
100 x3 2 479.25

test

CIC-R3a 750
CIC-R,50a 1 500

250 x3 196 x3 604
250 x5 196 x3 1354
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Fig.3  Stress-strain relationship of steel
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Fig.4 Boundary conditions and loading methods of CIC
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Fig.6 Comparison of test and numerical axial force-longitudinal strain curves in the middle height of column
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Fig.7 Distribution of Mises stress of outer steel tube for outer column in CIC-R,50a
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Fig.8 Distribution of Mises stress of outer steel tube for outer column in CIC-R,3a
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Fig.9 Distribution of Mises stress of inner steel tube for outer column in CIC-R;50a
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Fig. 10  Distribution of Mises stress of inner steel tube for outer column in CIC-R,3a
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Fig. 11 Distribution of Mises stress of steel tube for inner column in CIC-R;50a
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Fig. 12 Distribution of Mises stress of steel tube for inner column in CIC-R,3a
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Fig. 13 Distribution of longitudinal stress of concrete in outer column of CIC-R;50a
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Fig. 14  Distribution of longitudinal stress of concrete at mid-span section of outer column in CIC-R;)50a
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Fig. 15 Distribution of longitudinal stress of concrete at mid-span section of inner column in CIC-R,50a
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Fig. 17  Distribution of longitudinal stress of concrete at mid-span section of outer column in CIC-R,3a
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Table 3 Parameters of CIC specimens
R L, D,xt, D,xt, L Dixt, fioo foiovfy fu Neie v
/mm /mm /mm /mm /mm  /MPa /MPa /MPa /kN
KAt CIC-R, 3-R;,50-f 345, 40 750 250 x5 196 x3 604 100x3 345 345 40 3 062.91
L,/D,, CIC-R,4-R,50-f,345-f, 40 1000 250x5 196x3 854 100x3 345 345 40 3037.21
CIC-R,5-R,50-f,,345-f,,40 1250 250x5 196x3 1104 100x3 345 345 40 3016.22
CIC-R,6-R,50-f,345-f 40 1500 250x5 196x3 1354 100x3 345 345 40 3011.23
CIC-R,8-R,50-f,345-f,,40 2000 250x5 196x3 1854 100x3 345 345 40 2927.02
CIC-R, 10-R)50-f,345-f, 40 2500 250 x5 196 x3 2354 100x3 345 345 40 2926.41
RE CIC-R,6-R,31-f 345-f 40 1500 250x8 196x3 1354 100x3 345 345 40 3771.78
D,/t,, CIC-R, 6-R42-f,345-f,, 40 1500 250x6 196x3 1354 100x3 345 345 40 3257.73
CIC-R,6-R,63-f,345-f 40 1500 250x4 196x3 1354 100x3 345 345 40 2743.26
CIC-R,6-R,83-f 345-f 40 1500 250x3 196x3 1354 100x3 345 345 40 2 460.56
CIC-R;6-R, 125 345-f, 40 1500 250 x2 196 x3 1354 100x3 345 345 40 2198.04
WAz CIC-R,6-R,50-f,235-f, 40 1500 250x5 196x3 1354 100x3 235 345 40 2531.53
Sroe CIC-R,6-R;,50-f ;390-f, 40 1500 250x5 196x3 1354 100x3 390 345 40 3197.20
CIC-R, 6-R,50-f,420-f,, 40 1500 250x5 196x3 1354 100x3 420 345 40 3367.19
IREET CIC-R,6-R;,50-f 345, 30 1500 250x5 196x3 1354 100x3 345 345 30 2 850.67
SRIE S, CIC-R, 6-R,50-f,345-f,50 1500 250x5 196x3 1354 100x3 345 345 50 3152.47
CIC-R, 6-R;,50-f 345-f, 60 1500 250x5 196x3 1354 100x3 345 345 60 3 304.68
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