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Mechanical performance of hot-bent steel pipe CFST-wrapped RC composite joint
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Abstract: To study the mechanical performance of a new type of composite joint in a gymnasium, we designed
three concrete-filled steel tube ( CFST )—wrapped reinforced concrete ( RC) composite joints using hot-bent steel
tubes by taking the arch foot from the gymnasium project as the prototype, in which the long-span truss structural
chord steel tube was bent and inserted vertically into the RC frame column. Load test and finite element simulation
of the joints were carried out under complex loading with chord compression and web tension. The effects of residual
stress, different bending angles, and whether the steel tube at the root of the chord is filled with concrete on the
failure forms and bearing capacity of the hot-bent steel tube of composite joints were studied. Results show that the
failure form of the hot-bent steel tube CFST-wrapped RC composite joints was mainly the buckling failure of the
steel tube at the root of the chord. The bearing capacity of the joint depended on the compressive bearing capacity
of the chord root. The residual stress generated by hot bending of the steel tube reduced the stiffness of the joint,
and the greater the bending angle of the steel tube was, the less the stiffness of the joints was, but it basically had
no effect on the bearing capacity. The stiffness and bearing capacity of the joints were significantly improved by
filling concrete in steel tube, and were increased with the increase in the diameter of the steel tube.

Keywords: hot-bent steel tube; concrete-filled steel tube; axial compression test on joints; compressive bearing

capacity ; numerical simulation
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Main parameters of specimen
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B mm mm KE/mm ffEE/(°) B+ Tab.2 Mechanical properties of concrete MPa
A-1 299 16 1 000 62 e REE+ Seu fe

A-2 299 16 1 000 62 I HNREE L 66.47 53.57

A-3 245 16 750 45 H EIMREE L 50.67 42.53
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Tab.3 Mechanical properties of steel
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(HRB/JERE)/mm 5] 7 /MPa 7./MPa K%/ % HE/mm i £/ MPa ./MPa K%/ %
32 HRB400 447.6 614.6 21.7
299/16 Q345 418.5 544.0 22.0 25 HRB400 437.0 612.0 24.3
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1.3 mMBEEMAR
KIGFIF 40 MN £ 11 R H, 3£ AR 4% 22 45 34 | e
17 AR TR = A T b I AR R e %’EIQJ%@%
17 19 ELARBIA I W — 522 1 £ B 3R A 158 WeFF |
A B AT (R PG I 6 B . s
AR BN ELYE AR B 2o A o [ R 3 S 7 I PR T

PRI 22 ) B AT N, 25 3 BT B s
EWF 4, DLKPE A -3 S50, BEAT S 1 Bz & &
N IE WL 3

F4 BEMFZITRAN

Tab.4 Designed tension of each web kN
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Fig. 12 Comparison and verification of finite element simulation

0o 2 4 6

and experimental measurement of residual stress
BRI B SR I SE PR BT, SO AR MR
A6k WA ELAS 25 1 S8 58 5 A4 =2 1 ) R 45
P13 %) 73 52 R I ) T AR Y, 2 RS [ 5
SRR R R RESE Z Wt TR sl IR B H el X
i %8l

wipie—{_)
Y -

| e —
X

13 A EFRITRE

Fig. 13 Finite element model of intermediate frequency hot bending
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Tab.5  Yield strength of steel at different temperatures

g/ Jet 5 B/ MPa Mg/ Jif 258 HE/ MPa
20 418.5 600 198.1
200 418.5 700 97.0
500 324.4 800 48.1
x6 WHTBESH
Tab.6  Steel temperature parameters
./ W c./
B/ C
(107 m-(m-C) ") (W-(m-C) ") (J-(kg-C) )
20 1.20 53.33 439.80
100 1.26 50. 67 487.62
200 1.34 47.34 529.76
300 1.42 44.01 564.74
400 1.50 40.68 605. 88
500 1.58 37.35 666. 50
600 1.66 34.02 759.92
700 1.74 30.69 1 008. 16
800 0 27.36 803. 26
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Fig. 14  Residual stress distribution of hot bending
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Tab.7 Comparison of bearing capacity

A N/kN  N/KN  N/KN NJN, NN,

A-1 9187.6  9137.5 10038.4 0.99 1.09
A-2 5712.3 5956.8 5984.4 1.04 1.05
A-3 6498.4 5875.9 6 601.5 0.90 1.02
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