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Mechanical behavior of concrete-filled steel tubular columns
embedded with H-shaped steel tubular under multi-load

ZHAO Xuan', Pl Zhengbo?, TAO Xiu', LUO Yintao®, NIE Ying', CHEN Chunjun?,

WANG Yuhang®

(1. CISDI Engineering Corporation, Chongqing 400013, P. R. China; 2. Department of Building Engineering, Hunan
Institute of Engineering, Xiangtan 411104, Hunan, P. R. China; 3. College of Civil Engineering, Chongqing
University, Chongqing 400045, P. R. China)

Abstract: In this paper, H-shaped steel is embedded in simple concrete-filled steel tubular composite columns
to form a new type of composite structural columns. In order to study the mechanical behavior of the new
composite structure columns, the experimental studies are carried out under four working conditions: pure
bending, compression-bending, torsion-bending and compression-bending-torsion. In order to meet the loading
needs during the test, a set of loading devices suitable for multi-working condition simulation is designed and
made. In the loading of complex load, the axial compression ratio is 0.24 for the condition with axial
compression, and the torsion-bending ratio is 0.34 for the condition with torsion. Through the loading tests of
four specimens, the indexes such as torque-torsion angle hysteresis curve, moment-displacement hysteresis

curve, torque-torsion angle skeleton, moment-displacement skeleton, mechanical characteristics and stiffness
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degradation are analyzed. The results and mechanism are analyzed in depth, and the results show that the

mechanical performance is good under complex loads, and the basic suggestions for using this new structure in

engineering practice are put forward.

Keywords: concrete-filled steel tube; complex load; embedded H-shaped steel; mechanical behavior

T 25 44 BT 32 far 4% H 7 2 2% H 45 1 10 KA
b & e, TR G54 i 32 22 A7 T Rl A ) 45 4 O XA A
AW & R, DNER A TR B - A5 ke B 2 A i R R E
WG RBE L 25 SF G850 . T2t s,
WAEREE LA SRRz, EN XN
IRBE LG Z I PERE T TR 2R, 465
WFoE B 45 . ERESE RS T EMANH
B A TR BE A 19 i 2 -0 RS & B, Ak 5%
SRR 5 RV A B . EFEMETE IR G A R
ARG b 2 T R T A T AN IR B LA T
FH A 2 T3 A 07 PR 200 M O e R AR A
3. Roeder 2575 iof F 25 i 560 12 T — FOBr (14 58
FE W i o Tao 2595 A [ kR X A4 7 9
BIRBE T R AT TR R #0785 R T
GERIEAT T X, Lai SFUHR T — BB A9 SR AR
TE B TR BE - A & 17 ik, DL yRAh B BT AH SC LY
B . Chen %556 T84 45 TR B A b R 3l 56 20
JiE ST T B R R A . Ayough ZF75HE i X £ Fp
R 0y B, 48 AR R R ST X AR TR R 1 AT
ORI NG R ei=8 A R S ey | S A RO EER 2
Gy B TN - R B L RS A
T4 -AE T e R IF B TR R 1 FE S
BB EE R 5K A RS RAF, gt TR
LA AR AR T B RS A 2. R B R o AR
A0 0o 358 P BB B AR R AP ER AR KAt S B,
BT T 9N F I W8 A R B A ] Tl
BT, I T ABAQUS X ik {4 3k 47 B4 43 #7 , 312
TN B - A R R T R R e R A A R
KAEm &I E AR XIBHAE T 18 R4
BB e SRR BE A X AT T RO 2R P
R T O0F R e i o8, JF AT T 3R B, B R
DAL 4 1 o TR 9 A XL R i A R R D Y A
A B IE TR IREE AR R BEAL 155 T
ERE KRB F AKX T EME S IKBEY AR
G o KR A5 OGT TR T vh A e 2 AN A TR BE 1 41 R
AT T ECE B, 8 T Ha R IR T
A AR X AN () 45 A8 T 2K AR A TR O - 4L A R T
Ji& TR, G o A R R R A S R AT K
96 SRR AR AL 43 A, 70 4N 8 TR B b TG N A O iR
BN S50, 32 B R 807 Rz R 201 Z 18 A

KK FHAR B VR R S B A A R s
BN E ORI T B0 AR GRS
B [ R 28 R AT TR IR OO, B R 5T T
EIREE LW RS I E G2 TAEILE . 247
Ak, W R S A A AN TR B e 2 5 R AP N H Y
I B HAE S22 A 40T WY 32 JI e R . 2B & 7R A
R BE AL P A H BH 38 i 15 0 A AR A2
JE25 2 KRS H 4T TOT B2 I PERE .

1 RXIE R

1.1 R EHME

I T 44 N H R A0 80 4 TR BE 1 A
R S B 975 mm. h AR AN A K H B
5 R ARCRN TR AR AT R G 1) B B 1) 85 UM R 7E i
b B R R i e 0 O 0 AR R A i
Fz 25 TOUMR R A, 38 2 T0 AR 1 L3 55 TR 8 4 D A &
ARG R, R RS % 5 A A R 3 LR 1

JPEHENN

1 HHEHERNERRELEHEME
Fig. 1 Cross-sectional structure of concrete-filled steel

tubular columns embedded with H-shaped steel tubular
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Table 1 Numbers and test parameters of concrete-filled steel tubular columns embedded with H-shaped steel tubular

RN s R = L/mm L/i il J1 /kN E H n(n=N/N,) A =
CH2-B $ 219 mm X 6.0 mm 975 12.6 0 0.00 ]
CH2-CB $ 219 mm X 6.0 mm 975 12.6 730 0.24 i
CH2-TB1 ¢ 219 mm < 6.0 mm 975 12.6 0 0.00 A A 0. 34)

CH2-CBT1 ¢ 219 mm X 6.0 mm 975 12.6 730 0.24 FEASH (A H 0. 34)
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Table 2 Mechanical properties of steel materials
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Fig. 6 Bending moment - displacement hysteresis curve of
concrete-filled steel tubular columns embedded with H-

shaped steel tubular

ﬂW

ZHEM/(KN-m)
=3

v

180 s s s s s s s
-100 -75 -50 -25 0 25 50 75 100
Bk A/mm

(a) CH2-TB1 44l

v TIM=0.34

--------- NIN,=0.24
TIM=034

ZEHEM/(KN-m)

_180 PP L )
-100 -75 -50 -25 0 25 50 75 100
HiFA/mm

(b) CH2-CBT1 JE 2541
E7 AHHERNERETESE- BB O

Fig.7 Bending moment-displacement hysteresis curve of
concrete-filled steel tubular columns embedded with H-

shaped steel tubular
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Table 3 Mechanical characteristics of concrete-filled steel tubular columns embedded with H-shaped steel tubular under

bending moment

AR EMREE/KN-m) B/ mm WA/ (KN-m) WA/ mm BRI/ Nm) BRI /mm E R
CH2-B 129.9 23.2 149.7 65.7 133.1 85.6 3.7
CH2-CB 135.5 19.7 146.6 24.4 123.5 55.4 2.8
CH2-TB1 118.1 19.1 142.2 63.5 128.5 88.0 4.6
CH2-CBT1 126.3 16.1 133.8 19.2 110. 1 58.1 3.6

R4 HIEERT AH#H BN ERE TR N FH1E

Table 4 Mechanical characteristics of concrete-filled steel tubular columns embedded with H-shaped steel tubular under torque

Y LA JEMASHE/(RN-m)  JHRALF /mm WA/ (RN-m)  WE(EALFS /mm BRI/ (RN-m)  BeBRALRS /mm S R
CH2-TB1 42.9 1.1 48.3 2.0 45.3 2.1 2.2
CH2-CBT1 42.7 1.0 44.8 1.1 39.5 1.8 1.8
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Fig. 9 Bending moment-displacement skeleton curve of
concrete-filled steel tubular columns embedded with

H-shaped steel tubular
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Fig. 10 Torque-displacement skeleton curve of
concrete-filled steel tubular columns embedded with H-

shaped steel tubular
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Fig. 11 The torsional stiffness degradation curve of
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Fig. 12 Degradation of bending stiffness curve of concrete-

filled steel tubular columns embedded with H-shaped steel

tubular
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Fig. 13 Degradation of bending stiffness curve of concrete-

filled steel tubular columns embedded with H-shaped steel

tubular
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