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Torsional Behavior Numerical Analysis and Torsion Bearing Capacity
Calculation of Circular-end Elliptical Concrete-filled Steel Tube
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Abstract: In order to explore the calculation method of torsional behavior and torsion bearing
capacity of circular-end elliptical concrete-filled steel tube members, the finite element analysis
model of circular-end elliptical concrete-filled steel tube members under pure torsion was
established by using ABAQUS. In order to solve the constitutive relation of core concrete, a new
equivalent method for the constitutive relationship of circular-end elliptical steel tube core
concrete was presented. The feasibility of the equivalent method and the accuracy of the
numerical analysis model were verified by the existing experimental results. The parameter
analysis on the performance of circular-end elliptical concrete-filled steel tube members subjected
to pure torsion was carried out. The research parameters included steel strength, concrete
strength, steel ratio, long-short axis ratio and section area. The force mechanism of circular-end

elliptical concrete-filled steel tube members under pure torsion was revealed. A simplified formula
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for calculating torsion bearing capacity of circular-end elliptical concrete-filled steel tube members

was presented. The research results show that the torsion bearing capacity of members increases

with the increase of steel strength, section area and steel ratio, and decreases with the increase of

long-short axis ratio. The research results will provide a reference for the design of the circular-

end elliptical concrete-filled steel tube members.

Key words: circular-end elliptical concrete-filled steel tube; torsional behavior; finite element

analysis; force mechanism; torsion bearing capacity
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Tab.1 Comparison of Test Results and Finite Element Calculation Results
g ) i 1 g D/mm t/mm L/mm fyv/MPa fe/MPa | Tye/(kN e m) | Ty/(kN + m) Tue/ Tue
TB1-1 133.0 4.5 2 000 324. 34 30. 4 28.23 29.06 1.03
TB2-1 130.0 3.0 2 000 324. 34 30. 4 17. 20 18. 29 1. 06
SCHR[18]
TCB1-1 133.0 4.5 450 324. 34 33.3 28.95 27.22 0. 94
TCB2-1 130.0 3.0 450 324. 34 33.3 17. 35 18.54 1. 07
SCHERC19] ST 200. 0 4.5 1620 261. 40 39.0 69.59 64. 39 0.93
SCwik[20] FC 123.5 4.5 159 274.00 25.6 23.36 23.55 1. 01

TE D RS EAR I 8K s LI A BE 5 f oo AR BE 37 J7 (RT3 32 5 T R il R ST AR 81 S8 8 5 Toe A BB AR 3800 TSR 5

I FC A ST S 07 T8 A i o FeAx 1l o [ e
A e R AR IR F 10X 10 JF o K 1 G LS -5 A
I F M Z 1] V- 2% L M B0 e SRR B IR L T4
FESEIEL /N o DR AR SR SCTB i 1 A0 150 409 1R O
M B B N AR A 10 X 10 B X6 vy 4 #1148
PR .

ERFW AR S Sk (18]~ [20 ] ik
B4 R BB W& R BT A R K Tl g g R,
BN A,

4 SHSW

ARy B IE ST AW B S R L TR R b R R L A R
R Bl e DA AR TR R 45 2 00 15 i T A9 TR 99 7 1
e M PEHUHLR BT B2 . AR SRR ) 2 4L
BCE N A R B Q345 IR BE 9 B A 2 C50, %4

R o=0.16, K&t =2, 8 im R~} & 200 mm X
100 mm X5 mm, ZETHEEE Y A R Q235 ~
Q630 IR &E L5 C30~C80, KAl b 1<<p<<4.%
R 0. 09<a<<0. 47, 8% 1 )N ~FHE 120 mm X 60 mm X
3 mm~280 mm X140 mmX7 mm Z 8., N TI&HEA
A3 AT (B g T 0 IR 9 48 TR 6 4 1 1 A2 L PR R T A
TNE o« SR RZEE FSH. o TR
5390 h

a=A,/A. (5)
_AS
AT (6)

A A hy (58 s 12 R B0 90 A7 4B T TR AR s A O R0 TR
{5 - TR AT B 5 f o Ry TR U B O T 9 R AR v A



% 3 M IHEE AR AMNE LR LT RERMMAINARBAR ST HE 11
30 25
o~ f\20 -------------- o~
g 20 E s g
g — WHmE Z — dEmsg zZ
St/ S o /0 --e- R G 2k =g
B~ B~ K 3
5 L’
0 5 10 15 20 0 s 10 15 20 %5 10 15 20 25 30 35
9/(°) 0/(°) 6/(°)
(¢) HAHTCBI-1
25
¥is &
) 1off g
= =
5
0
01(°) 0/(°)
(@ WRAMFTCB2-1 (e) WHS-T

& 7

B.7NERELHBMEESHTEMEIR

Fig.7 Comparisons of Test Curves and Calculation Curves for Circular and Square Concrete-filled Steel Tubes
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Fig. 8 Parameter Analyses of Members Under Torsion
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Tab.2 Calculation Results of Circular-end Elliptical Concrete-filled Steel Tube Members Under Torsion
28 RS R B R SF/mm WAETRE | RELFR | SWE B AR S/ (KN + m)
PS-T-11 200 mm X100 mm X5 mmX1 000 mm Q235 C50 0.16 27.12
PS-T-12 200 mm X 100 mm X5 mm X1 000 mm Q345 C50 0.16 40. 89
AN KA i PS-T-13 200 mm X100 mm X5 mmX1 000 mm Q420 C50 0.16 50. 11
PS-T-14 200 mm X 100 mm X5 mm X1 000 mm Q550 C50 0.16 68.27
PS-T-15 200 mm X 100 mm X5 mm X1 000 mm Q630 C50 0.16 69. 96
PS-T-21 200 mm X 100 mm X5 mm X1 000 mm Q345 C30 0.16 36. 60
TR EE 90 PS-T-11 200 mm X 100 mm X5 mmX1 000 mm Q345 C50 0.16 40. 89
PS-T-12 200 mm X 100 mm X5 mm X1 000 mm Q345 C80 0.16 42.03
PS-T-31 200 mm X 100 mmX 3 mm>X1 000 mm Q345 C50 0.09 23. 64
PS-T-12 200 mmX 100 mmX5 mm>X1 000 mm Q345 C50 0.16 40. 89
R ES
PS-T-33 200 mm X 100 mm X8 mm X1 000 mm Q345 C50 0.28 56.73
PS-T-34 200 mm X100 mmX12 mm X1 000 mm Q345 C50 0.47 77.69
PS-T-41 280 mm X 70 mmxX4 mmX1 000 mm Q345 C50 0.16 31. 38
PS-T-42 246 mm X 82 mm X4, 6 mmX1 000 mm Q345 C50 0.16 36. 48
K JE e PS-T-12 200 mm X 100 mm X5 mm>X1 000 mm Q345 C50 0.16 40. 89
PS-T-43 180 mm X112 mmX5.2 mmX1 000 mm Q345 C50 0.16 43.91
PS-T-44 142 mm X142 mm X5 mm X1 000 mm Q345 C50 0. 16 36.59
PS-T-51 120 mm X 60 mm X3 mm X1 000 mm Q345 C50 0.16 8.58
PS-T-52 160 mm X80 mmX4 mm X1 000 mm Q345 C50 0.16 19.67
R PS-T-12 200 mm X 100 mm X5 mm X1 000 mm Q345 C50 0. 16 40. 89
PS-T-53 240 mm X 120 mm X6 mm X1 000 mm Q345 C50 0.16 67.17
PS-T-54 280 mm X 140 mm X7 mm X1 000 mm Q345 C50 0.16 103. 62
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Tab.3 Comparison Between Formula Results and Finite Element Results
NG R 4G A R BAERE | IRBEEER | FWE | Tup/ kN m) | Tupe/(KN+m) | Tupe/Tu.pe
PS-T-11 200 mm X100 mm X5 mmX1 000 mm Q235 C50 0.16 27.12 24. 85 0.92
PS-T-12 200 mm X100 mm X5 mmX1 000 mm Q345 C50 0.16 40. 89 36. 48 0. 89
PS-T-13 200 mm X 100 mm X5 mm X1 000 mm Q420 C50 0.16 50.11 44,41 0. 89
PS-T-14 200 mm X 100 mm X5 mm X1 000 mm Q550 50 0.16 68.27 58.16 0. 85
PS-T-15 200 mm X 100 mm X5 mm X1 000 mm Q630 50 0.16 69. 96 66.61 0.95
PS-T-21 200 mm X 100 mm X5 mm X1 000 mm Q345 C30 0.16 36. 60 36. 48 1. 00
PS-T-12 200 mm X 100 mm X5 mm X1 000 mm Q345 C80 0.16 42.03 36. 48 0. 87
PS-T-31 200 mm X 100 mm X3 mmX1 000 mm Q345 C50 0.09 23. 64 22.16 0. 94
PS-T-33 200 mm X 100 mm X8 mm X1 000 mm Q345 C50 0.28 56.73 57. 26 1. 00
PS-T-34 | 200 mm X100 mm X 12 mmX1 000 mm Q345 C50 0.47 77.69 83.70 1.07
PS-T-41 280 mm X 70 mm>X4 mm>xX1 000 mm Q345 C50 0.16 31. 38 26. 83 0. 85
PS-T-42 | 246 mmX82 mmXxX4.6 mmx1 000 mm Q345 C50 0.16 36. 48 36.56 1. 00
PS-T-43 [180 mm X112 mmX5.2 mmX1 000 mm Q345 C50 0.16 43.91 38.79 0. 88
PS-T-51 120 mm X 60 mmX3 mmX1 000 mm Q345 C50 0.16 8.58 7.88 0.92
PS-T-52 160 mm X80 mmxX4 mm>X1 000 mm Q345 C50 0.16 19. 67 18. 68 0.95
PS-T-53 240 mm X120 mm X6 mmX1 000 mm Q345 C50 0.16 67.17 63.04 0. 94
PS-T-54 280 mm X140 mm X7 mmX1 000 mm Q345 C50 0.16 103. 62 100. 10 0.97
PS-T-61 200 mm X100 mm X2 mmX1 000 mm Q345 C50 0. 06 17. 33 14. 87 0. 86
PS-T-62 | 246 mmX82 mmX4.6 mmX1 000 mm Q235 C50 0.16 24.15 24,91 1.03
PS-T-63 | 246 mmX82 mmX4.6 mm>X1 000 mm Q420 C50 0.16 41.16 44,51 1.08
PS-T-64 | 180 mm X112 mmX5.2 mmxX1 000 mm Q235 C50 0.16 40. 30 26.42 0.97
PS-T-65 |180 mmX 112 mmX5.2 mmX1 000 mm Q420 C50 0.16 8.33 45. 66 1.03
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