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Behavior of Round-ended Concrete-filled Steel Tube Stub Column with
Different Central Angles Under Axial Load

REN Zhi-gang, WANG Dan-dan
(School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, Hubei, China)

Abstract: In order to study the mechanical properties of 60° and 120° round-ended concrete-filled
steel tube stub columns under axial compression, four round-ended concrete-filled steel tube stub
columns were tested to investigate the ultimate bearing capacity, considering the influence of
different central angles and width-to-thickness ratios. Based on the test results, the finite element
software ABAQUS was used to model the 3D solid. The parameters of the proposed round-ended
concrete-filled steel tube stub columns were analyzed, and the influences of steel strength,
concrete strength, width-thickness ratio, height-width ratio and size effect on the ultimate
bearing capacity were studied. The results show that the failure modes are all local buckling, and
the failure locations are located in the straight section. The ultimate bearing capacity of the
columns increases when the central angle increases. The ultimate bearing capacity shows a

downward trend when the width-thickness ratio increases. When the central angle of the circular
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arc increases from 60° to 120°, the strength index decreases, indicating that the overall

confinement effect is weakened. The overall confinement effect of the round-ended concrete-filled

steel tube stub column under axial load decreases with the increase of the central angle. With the

increases of steel strength, concrete strength and decrease of width-to-thickness ratio, the

ultimate bearing capacity increases gradually. The size effects of different central angles are

similar to that of the initial stiffness. As the sizes of the member increases, the ultimate bearing

capacity and initial stiffness show an increasing trend.

Key words: round-ended concrete-filled steel tube; ultimate bearing capacity; experimental study;

central angle; confinement effect
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Fig. 1 Cross-section Shapes of Round-ended
Concrete-filled Steel Tube
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Tab.1 Parameters of Specimens

R G H/mm| D/mm | H/D | t/mm | L/mm &
RCC1-4-60 194 153 1.27 4 573 0.81
RCC1-6-60 198 150 1.32 6 571 1.45
RCC1-4-120 237 153 1.55 4 711 0. 90
RCC1-6-120 237 152 1.56 6 712 1. 60

x2 WEHE
Tab.2 Steel Material Property
WA R | R B e B 56 B2 A "
¢/mm fo/MPa | f./MPa e
4 254.3 319.7 240.1 0.3
6 289.8 440.1 229.5 0.3
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Fig. 4 Load-axial Strain Curves
SRPEFRAR St 2EAT A AT A A0
Si=N./(fAAfAD (D

s N H il 56 52 AR BR AR BT 5 /s S 23 00 A IR
B T A Bl B0 M 5 R R S 00 Y A e AR i R L HL
Fe=0.76fors fo HIRBE LRI PR A, AL I3
) Sy e BRE - 0B A G T T R

T PF B BR R 077 5 5 B AR AR Ak 3 Frs i
SRR AR R T 1, W5 A9 TR BE - BT R
L A 5 BRE IR . B 5 ) 3L A AN [
I 56k B2 48 b 1) AE AR 3 L 45 SR SR I . 6 T 48R 5 1
150 mm 3 5 24 #0m B O A i 60° 8% R ] 120
i, S; 43 51 F BT 16. 7% A1 9. 3% (43 5 % 57 4K
BIENEN 4 mm A6 mm) ., HJE R R« B O A
B R AR T DR A 2 TR RN D5

®3 WMERAEF XL
Tab.3 Comparison of Ultimate Bearing Capacity

KI5 | Nuw/kN| No/kN [Ny /Ne| No/kN [Ny /Ny Si

RCC1-4-60 | 1339 |1355.90| 0.99 |1236.6| 1.08 | 1.32

RCC1-6-60 1825 [1712.50| 1.07 |1742.5| 1.05 | 1.40

RCC1-4-120 | 1444 |1445.39| 1.00 |1576.2| 0.92 | 1.10

RCC1-6-120 | 2125 [1909.36| 1.11 |2 267.1| 0.94 | 1.27
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Fig. 6 Comparison of Stress-axial Strain Curves
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Fig. 9 Stress-strain Curves of Steel
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Tab.4 Main Parameters of Round-ended Concrete-filled Steel Tube (6=60°)

BH e H/mm | D/mm | ¢/mm L/mm | f./MPa | f./MPa LA | W R AR 5u/mm Ki/
’ EY /8 Nre/kN (Nemm 1)

RRCFSTI1-1 | 253.6 200 4 760. 8 345 0. 50 3 008.71 2.62 2 578.18
Wk RRCFST1-2 | 253.6 200 4 760. 8 235 0.35 2 581.58 2.53 2 438.23
R T RRCFST1-3 | 253.6 200 4 760. 8 420 0 0. 60 3 285.66 2.83 2 430.94
RRCFST1-4 | 253.6 200 4 760. 8 550 0.79 3 750. 89 3.17 2 430. 94
- RRCFST2-1 | 253.6 200 4 760. 8 345 30 0.83 2 225.32 2.48 1.990. 98
Yw{%ii RRCFST2-2 | 253.6 200 4 760. 8 345 70 0.35 4188. 14 3. 94 2 800. 94
A RRCFST2-3 | 253.6 200 4 760. 8 345 90 0.28 5 090. 07 3. 94 3127.32
RRCFST3-1 | 253.6 200 6 760. 8 345 50 0.76 3 582. 87 3.24 2 745.09
FeEH | RRCFST3-2 | 253.6 200 8 760. 8 345 50 1.03 4132.22 3.24 3 046. 16
RRCFST3-3 | 253.6 200 10 760. 8 345 50 1.32 4 675.53 3.24 3 520. 28
RRCFST4-1 | 353.6 200 4 760. 8 345 50 0.48 4 312. 89 2.75 3 244,76
etk | RRCFST4-2 | 453.6 200 4 760. 8 345 50 0.46 5 307.77 2.63 I 239,23
RRCFST4-3 | 553.6 200 4 1 000. 0 345 50 0.46 6 688. 48 3.39 3 602. 24
RRCFST5-1 | 126.8 100 4 380. 4 345 50 1.03 1081.43 2.05 1573.57
Tﬂk RRCFST5-2 | 190.2 150 4 570. 6 345 50 0.67 1 884.06 2.17 1981.47
o RRCFST5-3 | 317.0 250 4 760. 8 345 50 0.39 1 301.01 3.01 3112.82

TE = 0 g 5580 IR 05 7 280 8 7 P4l 1) RS 0 06 5 K A s AR 90 4 PO B

x5 BERERNERELEESH(0=120")
Tab.5 Main Parameters of Round-ended Concrete-filled Steel Tube (§=120°)

LYRIN | B BR 7 R Ki/
S8 fnRaE TR H/mm | D/mm | ¢/mm L/mm fy/MPa feu/MPa ) Su/mm
EY 8 Nre/kN (N+mm 1)
RRCFST6-1 | 315.5 200 4 946. 5 345 0.56 3 969.37 4.18 2 248.70
Bkt RRCFST6-2 | 315.5 200 4 946. 5 245 0.39 3509. 44 3.59 2 247.67
50
R JE RRCFST6-3 | 315.5 200 4 946.5 420 0.68 4 459.76 4.72 2 248. 38
RRCFST6-4 | 315.5 200 4 946. 5 550 0. 89 4 879.71 4,75 2 248.87
RRCFST7-1 | 315.5 200 4 760. 8 345 30 0.93 2 954,52 3.59 1815.61
TREE+
. RRCFST7-2 | 315.5 200 4 760. 8 345 70 0. 40 4994, 24 3.94 2 611.23
i i
RRCFST7-3 | 315.5 200 4 760. 8 345 90 0.31 6 105.53 4. 35 2 620. 39
RRCFST8-1 | 315.5 200 6 760. 8 345 50 0.85 4 494,18 5.37 2 573.54
e8| RRCFSTS-2 | 315.5 200 8 760. 8 345 50 1.16 5 139.09 5.37 2 846. 26
RRCFST8-3 | 315.5 200 10 760. 8 345 50 1.49 5 745.06 5.37 3114.24
RRCFST9-1 | 215.5 200 4 431.0 345 50 0.63 3 003.06 3. 39 1 526.47
o | RRCFST9-2 | 415.5 200 4 831.0 345 50 0.52 4 759.06 2.74 3 053.32
RRCFST9-3 | 515.5 200 4 1031.0 345 50 0. 50 6 336.19 3.67 3 353. 60
RRCFST10-1 | 157.8 100 4 473. 4 345 50 1.16 1.324.92 3. 30 1 359.67
N
) RRCFST10-2 | 236.6 150 4 709. 8 345 50 0.75 2 492,94 3.57 1903.56
BN
RRCFST10-3 | 394.4 250 4 1183.2 345 50 0. 44 5812.06 5.08 2 787.03
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Tab. 6 Comparison of N, and N,

N N./kN N./kN N/N. P 4 N./kN N./kN No/N,
RRCFSTI1-1 3008. 71 3 144,48 0. 960 RRCFST6-1 3 969. 37 3954.98 1. 000
RRCFST1-2 2 581.58 2 758.75 0. 940 RRCFST6-2 3509. 44 3 435.92 1. 020
RRCFSTI1-3 3 285. 66 3433.79 0. 960 RRCFST6-3 4459.76 4344, 27 1. 030
RRCFST1-4 3 750. 89 3 935.25 0. 950 RRCFST6-4 4879.71 5 019. 05 0.970
RRCFST2-1 2 225. 32 2 221,59 1. 000 RRCFST7-1 2 954. 52 2 837.16 1. 040
RRCFST2-2 4188. 14 4093.19 1.020 RRCFST7-2 4994, 24 5098.73 0.980
RRCFST2-3 5 090. 07 5 068. 42 1. 000 RRCFST7-3 6 105.53 6 271.63 0.970
RRCFST3-1 3 582.87 3853.19 0.930 RRCFST8-1 4494.18 4911.19 0.920
RRCFST3-2 4132. 22 4593. 30 0. 900 RRCFSTS-2 5 139. 09 5911. 54 0. 870
RRCFST3-3 4675.53 5 366. 89 0. 870 RRCFST8-3 5 745.06 6 959.03 0. 830
RRCFST4-1 4312.89 4142.56 1. 040 RRCFSTY-1 3003.06 2 949. 88 1. 020
RRCFST4-2 5 307.77 5 146. 62 1. 030 RRCFSTY-2 4.759. 06 4984, 28 0.950
RRCFST4-3 6 688. 48 6 153.40 1. 090 RRCFST9-3 6 336.19 6 023. 46 1. 050
RRCFST5-1 1081.43 1148.32 0. 940 RRCFST10-1 1324.92 1477. 89 0.900
RRCFST5-2 1 884. 06 2 032.63 0.930 RRCFST10-2 2 492,94 2 580. 57 0.970
RRCFST5-3 4301.01 4 483.36 0. 960 RRCFST10-3 5 812.06 5 600. 36 1. 040
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