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Axial Load Performance of Concrete-Filled Steel Tube Stub

Column Strengthened with Reinforcing Bars
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Abstract : To clarify the effect of concrete on loading performance of concrete-filled steel tube stub column
strengthened with reinforcement (R-CFST), compression tests were conducted. Using the concrete strength as
parameter, R-CFST, concrete-filled steel tube and reinforced concrete specimens were prepared in 6 concrete
strength-grades, and total 54 specimens were tested.Based on the test results, the loading performance, failure mode,
ductility, confinement effect and peak load were analyzed. Finally, conclusions were attained as follows: because
of interaction of the reinforcement, performance-degradation of R-CFST will not increase as the concrete strength
increases, and shows better plastic deformability; improving effect of reinforcement on ductility, confinement effect
and strength of R-CFST will increase as the concrete strength increases; increase of concrete strength will not cause
significant changes in failure mode; proper reinforcement will bring enhancement of performance of R-CFST filled
with high-strength concrete; the proposed equation is applicable to predict the strength of R-CFST.
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Fig 1 Results of material test for steel material
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Tab 1 Strength of concrete

B SRR C20 C30 C40 C50 C60 C70
feu(MPa) 22.2 31.8 45.5 51.0 56.0 64.0
fo(MPa) 14.8 21.3 29.9 32.9 36.0 40.9
Neo(kN) 300.02 429.46 603.47 665.76 728.20 826.55

1.3 RWHE

FHWEY-5000 B L% dil i 378 . hngda il : 900 kNLLTFIF2.0 kN /s 900 kNZ1 200 kNZ [H]
1.0 kN /s 1 200 kNPA_ERAF0.5 kN/s. ST EEBAL, SCHR[5]FISCHER 8] 43 I AE BT D\ Il Hhucs b K g5t =43 2.
— ARG NS F, SCIER[6] RN SCHR (7] 0] S AEGA ) RO ARSI TR AR B L AT e R BTN T AR
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Fig 3 Photograph of testing method
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Fig 4 Comparisons between load-displacement curves of R-CFST and CFST
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Fig 5 CFST which experienced brittle failure
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Fig 6 Representative views of failure for R-CFST and CFST
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Tab 2 Test results

Nut /KN Nyg /KN 0yt /mm  ue /mm &y /mm  dyq/mm 7 0
RF20-1 1 275.56 25.98 5.04
R-CFST RF20-2 138390 1 332.69 26.32 26.68 4.08 5.41 4.93 2.98
RF20-3 1 338.62 27.74 7.12
CF20-1 1 110.00 23.88 8.79
C20 CFST CF20-2 1119.26 1 114.30 20.66 22.74 7.43 8.97 2.53 2.16
CF20-3 1113.64 23.67 10.70
RC20-1 366.02 9.50
RC RC20-2 328.18 362.19 8.64 9.57
RC20-3 392.38 10.55
RF30-1 1 478.26 23.50 4.89
R-CFST RF30-2 1449.74 1 452.03 21.62 22.48 7.50 5.58 4.03 2.02
RF30-3 1 428.08 22.32 4.35
CF30-1 1 253.22 14.20 5.81
c30 CFST CF30-2 1225.08 1228.59 15.60 14.40 6.37 5.94 2.43 1.41
CF30-3 1 207.46 13.41 5.63
RC30-1 418.80 9.69
RC RC30-2  419.06 411.43 10.75 9.95
RC30-3 396.44 9.40
RF40-1 1 686.48 18.79 5.33
R-CFST RF40-2 1634.40 1 626.19 19.26 19.17 5.35 5.27 3.63 1.37
RF40-3 1 557.70 19.44 5.15
CF40-1 1 317.84 8.55 4.42
Cc40 CFST CF40-2 1453.42 1 385.63 9.46 9.01 3.92 4.17 2.16 0.90
CF40-3 *1 126.52 * *
RC40-1 487.04 10.81
RC RC40-2  426.60 465.53 9.30 9.42
RC40-3 482.94 8.17
RF50-1 1 663.48 14.99 4.29
R-CFST RF50-2 1759.14 1701.29 16.81 16.58 4.36 5.11 3.24 1.24
RF50-3 1 681.26 17.95 6.68
CF50-1 1453.26 9.38 5.84
50 CFST CF50-2 *1257.66 1 435.63 * 9.40 * 573 164 0.77
CF50-3 1 418.00 9.42 5.62
RC50-1  498.70 8.18
RC  RC50-2 497.00  489.91 9.26 8.84
RC50-3  474.04 9.08
RF60-1 1 757.12 14.53 4.82
R-CFST RF60-2 1726.06 1 744.15 13.06 1400 4.5 519 270 107
RF60-3 1 749.28 14.41 5.99
CF60-1 1 452.22 7.25 8.05
C60 CFST CF60-2 *1187.6 1 457.62 * 10.54 * 8.04 1.31 0.63
CF60-3 1 463.02 13.84 8.03
RC60-1 461.16 7.30
RC RC60-2 503.76 499.99 7.55 6.96
RC60-3  535.04 6.02
RF70-1 1 753.68 12.57 5.41
R-CFST RF70-2 1768.60 1761.75 13.79 13.62 5.02 5.66 2.41 0.79
RF70-3 1 762.96 14.50 6.54
CF70-1 1 345.40 9.49 7.48
C70 CFST CF70-2 *606.14 1 381.59 * 9.95 * 8.55 1.13 0.32
CF70-3 1417.78 10.42 9.63
RC70-1 576.04 4.21
RC RC70-2 547.44 552.21 5.05 4.57
RC70-3 533.16 4.44

T« AR N A A P E IR I CRS TR
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Fig 9 Relations of peak load versus concrete strength
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Tab 3 Comparisons of experimental values against predicted values

BRI ) TREE T WA W BCAPR ERARE CFSTiK#: 11 R-CFSTHA#, )
55 f./MPa fo,/MPa f.,/MPa % 6 0r N;/kN N,/kN N;/N, N;/kN N,/kN N,/N,
RF20 C20 14.8 307.7 487.4 149 1.21 1.70 1114.3 819.7 1.25 13327 11354 1.23
RF30 C30 21.3 307.7 487.4 149 0.84 1.18 1228.6 981.4 1.18 1452.0 1251.9 1.12
Aty RF40 C40 0 29.9 307.7 487.4 149 0.60 0.84 1385.6 1201.7 1.16 1626.2 1411.4 1.11
RF50 C50  32.9 307.7 487.4 149 0.54 0.76 1435.6 1281.0 1.21 1701.3 1468.9 1.20
RF60 C60  36.0 307.7 4874 149 050 0.70 1457.6 1360.5 1.17 1744.2 1526.6 1.18
RF70 C70  40.9 307.7 487.4 149 0.44 0.62 1381.6 14859 1.04 1761.7 16329 1.12
B40-1 C40 23.5 235.0 335.0 1.59 1.06 1.28 3900.0 2 538.6 1.40 4240.0 2932.3 1.38
B30-1 C30 189 235.0 3350  1.59 1.31 1.60 3950.0 2285.1 1.57 4090.0 2729.0 1.46
B20-1 C20 13.0 235.0 335.0  1.59 1.91 2.32 3360.0 1969.6 1.57 3700.0 2477.9 1.53
C40-1 C40 235 235.0 3350  1.67 0.61 0.85 3610.0 2580.4 1.39 3760.0 3116.1 1.19
Sciiikjs]  €30-1 C30 189 235.0 335.0 1.67 0.76 1.06 3730.0 2257.9 1.58 3831.0 2862.0 1.31
C20-1 C20 13.0 235.0 335.0 1.67 1.11 1.54 2910.0 18484 1.43 3210.0 2540.1 1.32
C30-2 C30 189 235.0 335.0 277 0.76 1.25 3730.0 2257.9 1.58 4071.0 32569 1.24
B30-2 C30 18.9 235.0 335.0  2.83 1.31 1.82 3900.0 2285.1 1.55 4297.0 3074.4 1.42
C40-3 C40 235 235.0 335.0 3.05 0.61 1.05 3610.0 2580.4 1.39 4600.0 3555.5 1.27
B40-3 C40 23.5 235.0 335.0  4.42 1.06 1.69 3990.0 2 538.6 1.43 4550.0 36324 1.27

& NOHRIAE ; N AR
3 % it

ARSCLAREE S E, FHNIERCFS TR & TR A5 , AR EE R B W R 858 .

(1) R-CFSTEA 5 CFSTHIF M2 SRk, 24 i B IR e 3T, BRI A0 IR 205 3% 1Pk e
Bk, EE TR, R-CFSTHEREMIR LA BEIREE 50 5 S5 2 048 = i B @3, B8 HLCFSTH
U AR ST RSB ARTERE ST . Su o, B TREEE 5 SR 4R 5 , R-CFSTHICFSTRAA (R {4 i 5ik EL 3 maliAs
PRI 2 A28 A, (EAEA R P TRE R S IS L T, R-CFSTHA HLCFSTHE /IR {4 58k Ll B 22 1y 7k
H It

(2) R-CFSTHICFST 4L M4 RE AN 5 &0 07 B % TR5E T om B3R s FRAIG. SR0AT, P A5, R-
CFSTHA FLCFSTHE 4 EPE RN SRR , 11 LA 35 X A28 4 AR i 455 17 ) 48t voi VP o o R - 58 32 1 34
7T EE Y k[ o 0 A0 e ) v A P LR 4 2000 7 P 4 s 1 FH R A

(3) R-CFST AJEHA HLCFSTHE KR EE 1. R-CFSTH AN | IREE L AR AH H UK AME = A A 3%
O (ST A5 A e A P AR B M S B 5, T ELR-CFSTZREE T B4 125 Bl TR VR 4 500 B S5 A 4R e S B L T

(4) R-CFSTHA 5 CFSTHIE MBI, T BETREE 50 B2 i 4 o B RN 2 A g2

(5)ASCES A3 FH T R-CFS TR 81805 1 S BT CRS TR E i85 s BT | R
HCFSTH-F 5, HA—EMSH N M.
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