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Axial compressive behavior of thin-walled multi-cavity concrete-filled
double-skin (square inner and square outer) steel tubular stub columns

ZHANG Xiao, GONG Jun, SHAO Yongbo, HUANG Weifeng, LI Zijun
(School of Civil Engineering and Geomatics, Southwest Petroleum University, Chengdu 610500, P. R. China)

Abstract: To improve the axial performance of concrete-filled double-skin steel tubular(CFDST) stub columns, a
novel thin-walled multi-cavity concrete-filled double-skin tubularMCFDST) stub column was proposed.
Experimental investigations were conducted to evaluate the axial compressive behavior of these columns. A total
of fifteen MCFDST stub columns and three CFDST stub columns were designed and fabricated, with four key
parameters examined: concrete compressive strength(CCS), width-to-thickness ratio(WTR) of the outer tube,

hollow ratio(HR), and the presence of tensile ribs. The study assessed deformation, load-displacement behavior,
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damage patterns, and ductility coefficient to determine the ultimate bearing capacity, failure mode, and ductility
performance of the columns. Experimental results show that increasing the CCS from 58 MPa to 90 MPa
enhances the bearing capacity by 46%, while reducing the ductility coefficient by 74%. A decrease in WTR from
39 to 29 results in a 12.5% improvement in bearing capacity alongside a notable increase in ductility coefficient.
The HR increase from 0.31 to 0.38 yields marginal improvements in bearing capacity(1.3%) and ductility
coefficient(1.0%). Notably, the presence of tensile ribs significantly increases the bearing capacity and ductility
coefficient by 14.2% and 282%, respectively. Moreover, the experimental data validated the effectiveness and
accuracy of numerical modeling, which facilitated extensive finite element parameter analyses. The applicability
of current design methods for predicting axial bearing capacity was also discussed, indicating that the prediction
formula in Japanese standard AIJ is suitable for estimating the axial compressive bearing capacity of MCFDST
stub columns.

Keywords: multi-cavity concrete-filled double-skin tubular stub column; experimental study; axial compressive

behavior; failure mode; ultimate bearing capacity; ductility coefficient
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Fig.1 MCFDST stub column processing method and cross-sectional form
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Table 1 Design details
An A4S Bmm t/mm h/mm B/mm f/mm B/t x ¢ fJ/MPa P, /kN P, . /kN DI
M-SS1 160 2.07 5293 50 4.39 39 0.31 0.59 58.0 1931 2095 5.05

M-SS2 160 2.05 5295 50 4.29 39 0.31 0.50 67.9 2119 2194 2.03
M-SS2B 160 2.06 5294 50 4.31 39 0.31 0.49 69.2 2225 2223 1.92
M-SS3 160 2.04 5296 50 4.24 39 0.31 0.41 81.7 2603 2483 1.26
al M-SS4 160 2.04 5296 50 4.36 39 0.31 0.37 90.2 2 640 2 655 1.33
M-SS5 160 2.02 4798 60 4.30 40 0.38 0.58 58.0 1996 2025 —
M-SS6 160 276 52.24 50 4.32 29 0.31 0.82 58.0 2174 2175 —

M-SS7 160 278  47.22 60 4.27 29 0.38 0.82 58.0 2203 2208 —

M-SS8 200 2.05  72.95 50 4.47 49 0.25 0.46 58.0 2607 2789 2.81
M-SS9 200 2.03 7297 50 4.26 49 0.25 0.39 67.9 2719 2906 2.12
M-SS9B 200 2.04 72.96 50 4.33 49 0.25 0.39 69.2 3116 3066 1.88
G2 M-SS10 200 2.08  72.92 50 4.29 48 0.25 0.33 81.7 3472 3616 1.30
M-SS11 200 2.06 72.94 50 4.38 49 0.25 0.30 90.2 3 806 3892 2.85

M-SS12 200 2.04 57.96 80 4.24 49 0.40 0.46 58.0 2671 2827 —
M-SS13 200 2.75 72.25 50 4.22 36 0.25 0.64 58.0 2791 3055 —

SS15 160 2.04 0 50 4.19 78 0.31 0.58 58.0 1 747 1 856 1.32

G3 SS16 200 2.06 0 50 4.32 97 0.25 0.47 58.0 2356 2 541 1.56
SS16B 200 2.04 0 50 4.27 98 0.25 0.46 58.0 2282 2 484 1.68
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PEES , W75 B R bE ) 2 1 B A a2 2 T

TR BE 11 ) £ 36 P RE R R /K U2 (PC 42.5R) K L R /K ) RE K OB K L 5~20 mm 3% 252 9 e R R Al
G W0 B g Y R R S A R e R E TR B A LR LR ) (JGT 55—2011)PVELAE , P8 5K MCFDST % Ak
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Table 2 Material properties of steel

18} E/GPa f,/MPa f/MPa 5%
A4 2 mm 201.3 304.6 419.9 45.4
FH 4t 3 mm 201.0 311.0 418.3 453

3 2 mm 203.5 3522 446.6 34.5
#1763 mm 203.2 403.5 4703 21.1
W4 4 mm-50 200.0 446.6 557.3 26.7
N 4 mm-60 201.4 485.0 578.2 27.4
M4F 4 mm-80 203.1 466.6 577.8 34.4

TE < E 0 BB SRS k5 f 0, D A A T i B BE R BR B2 5 0 D i R
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Table 3 Concrete mix ratio and compressive strength

i K e kg 7K/kg Mk ke g kke  mPEBEEUKRI/kg  BEK/Kg B K/kg £ /MPa
C50 400 180 1080 720 — — — 58.0
C60 480 175 1070 720 0.96 — — 67.9
C80 536 165 1002 715 1.61 — — 81.7
C90 387 155 1015 677 1.66 44.4 122 90.2
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5 GO ECR L aE m 2R B A BR AR R T 174, N3G R R S NYs, R 2 min; 55 = G0 #CR A #E il in 4
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Fig. 2 Experimental apparatus and the arrangement of strain gauges and LVDTs
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Fig.3 Failure modes of specimens in groups G1 to G3
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Fig.4 Cutting results of specimens
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Fig. 6 Load-displacement curves
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Fig.7 Comparison of test results

MCFDST %5 A3 (1) il He 7% 28 7 Bt T 466 + 5% B % 38 T 8 25 92 &1 o 0 M-SS1 ~ M-SS4 (4} 5& 160 mm) 1Y
R IR EE YRR EE £ A 58 MPa ik K 75 67.9.69.2 .81.7.90 MPa, i 14 A % FR & 2% 143 B4R TH T 9.8% .
15.3% .34.8% H136.8% ; i /F M-SS8 ~ M-SS11(4h 5& 200 mm ) %) 4% .U TR BE + BT JE 38 5 M 61.6 MPaff ¥k 41 71 3|
67.9.69.2.81.7.90 MPa, ik {4 ) 1 BR AR 8 77 43 & F+ T 4.3% .19.6% .27.8% F1 46%

MCFDST % #1: (% filt 1 7K 28 07 Bifi A 89 45 98 )5 bb 09 el /0n T 48 e o > 5 )2 b DA 39 B IR 21 29 (M-SST
M-SS6) , M\ 49 FEAIL ] 29(M-SS5 FI M-SS7) , M 49 FEAILF 36(M-SS8 FI M-SS13) , 14 i) 1 FR 7 2 g 73 il 42 T
T 12.5%.10.3% F17.1%.

TE— B, 250 XA R R 2 AR/ o 28 0B 0.31 3 K 1 0.38(M-SS1 A1 M-SS5), M 0.31
K F] 0.38(M-SS6 HI M-SS7), M\ 0.25 3 J 5] 0.40(M-SS8 Fll M-SS12), iz 14 7K % 1 43 B4R TF T 3.4% . 1.3% FiI
2.4%. FEZS OB R BL T A i R 2k 0 mT B3 K, B T RERR AR R ZEAS IS0 P A 3 K. B2 0
RAFEAN KOG DL T, P45 FH B 2t 385 i ok 7 2 A B TR D A O TR B - > T BOR B BRAL, E AR K
PR ISR TR . 2R SEPR TR, DLORIE AR 28 ) w4, AT DL A 38 Y 1 R s O ROk AR 250 A T

W e AR AE B B Rl R 8 A R R T . KA 5E D 160 mm 193K 4 M-SST 55 SS15 4
L, 1564 200 mm A9 M-SS8 5 SS16 Al SS16B AH Lt , i A il BR 7K 2% 71 43 5l & T+ T 10.5% .10.6% 1 14.2%
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Fig. 8 Finite element model
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Fig. 10 Comparison of load-displacement curves obtained by numerical and experimental methods
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Fig. 13 Parameter analysis results
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Fig. 14 Comparison of results obtained by code methods as well as numerical and experimental methods
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