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Equivalent design method of column-in-column ( CIC) system based
on the equivalence of axial compressive stiffness

FANG Xiao-jun
(School of Civil Engineering, Guangzhou University, Guangzhou 510006, China)

Abstract: Considering that the concrete filled steel tubular ( CFST) is mainly used as the vertical
load-bearing member, in this paper the concept of the tuned mass damper (TMD) system for structur-
al vibration control is introduced to extend the functions of the CFST. In other words, the CFST is
converted into a new column-in-column ( CIC) system with dual-functions of load-bearing capacity
and vibration mitigation, so as to further enhance the seismic performance of structures. The CIC sys-
tem and its control strategy are introduced, then based on the “Unified theory” of the CFST, the theo-
retical formulae for calculating the cross-sectional composite stiffness of the CIC system under com-
pression and its ultimate axial loading capacity are derived by using the superposition principle. The
equivalent design method of the CIC system is also proposed by keeping the axial compressive stiffness
of the CIC system equal to that of the original CFST. Moreover, following the proposed design proce-
dure, the typical CFST members are selected and theoretically “divided” into two columns to form the
CIC system so as to verify the accuracy of the proposed method. Results show that, the derived formu-
lae for determining the cross-sectional composite stiffness and the ultimate axial loading capacity of the

CIC system can be conveniently developed via the superposition principle, the proposed equivalent de-
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sign method of the CIC system has good accuracy, which can be used in the design and analysis of the

CIC system for future engineering practices.

Key words: CIC system; CFST; axial compressive stiffness; equivalent design method
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Fig.1 The proposed CIC system and typical cross section forms
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Table 1 Dimensions and material information of the CFST and CFDST specimens
o h D t £ E, E, P, p. i
HHR S/ Z /mm  /mm  /mm  /MPa  /MPa  /GPa  /GPa /(kg-m*Y(kg+m™?) B
1 CFST-40 840 200 5 265.8 27.15 200 24.65 7 800 2 500 CAR[28 ]
2 CFST-70 840 280 4 272.6  31.15 200 26.40 7 800 2 500
3 CFST-150 840 300 2 341.7  27.23 200 24.68 7 800 2 500
4 CFDST-60 540 180 3 275.9  47.40 200 33.30 7 800 2 400 SCHR[29]
Fk2 CIC RFER~Fk
Table 2 Dimensions of the CIC system /mm
F ko 5/ 4% h D,, D, Dy Loy Ly L
1 CIC40 840 200 140 118 3.0 3.0 3.0
2 CIC-70 840 280 182 166 2.5 2.5 2.5
3 CIC-150 840 300 187 178 1.2 1.2 1.2
4 CIC-60 540 180 119 108 1.8 1.8 1.8
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