$57% 1 17 S-S D | A = SO SO Vol. 57 No. 1
2025411 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Jan. 2025

LESESHERNASNE R THEMEMRE

EWm, N E KEMW AR
(FET R (L) %52 K T2, At 100083)

i  HRRRRNEREEERANEAR N, RETAIANATHEFTREM2 AN UNERER LVRE,
I}‘Jiﬁﬁ‘fb&i’i%/ﬁk LWALEERNAGNERBELIHEHR, HiHTS AL I0RRENBERL, H AR THARTE K 4
AR TRERE URENMMKERMAMBEESBE M YRR LRSS FRENTH, 2REZN. ZEARENEE
WALE AP EBREHE BN EEBRURNEIBRKETURGARE S BRI - REZEHRETHABT, AR
7 70 8 Ve AR A8 R R R AR b T R K T G e SRR TR B A B B A 46 W T B e AR AR N (Bt e & T R
BRA RGBT AL NRREEN AR A AT BER,RARA UARNES T NEAGN T REETHA
WA RBELARERRFEFE A, TG —E ", 2HTHEAMAEKI BV EAR, 5RBERY SR, BMHITE
FRAE0.44 ~1.94 4 KM ZBOEE A B RIFHER K,

KER: LU BT WERE AR 02 R RE S

FESES . TU39 XHRFRERD . A XEHS: 0367 —6234(2025)01 —0077 - 15

Axial compressive performance of L-shaped concrete-filled cold-formed
thin-walled steel tubular columns

WU Lili, LIU Yanxia, WU Haipeng, HAN Ganghao

(School of Mechanics and Civil Engineering, China University of Mining and Technology ( Beijing) , Beijing 100083, China)

Abstract; The study investigates the bearing capacity of specially shaped, concrete-filled steel tube columns,
emphasizing the impact of reentrant corners. A novel design was proposed, involving the welding of one cold-
formed, thin-walled square steel tube and two U-shaped steel tubes into an L-shaped configuration, which is then
filled with concrete to form an L-shaped concrete-filled cold-formed thin-walled steel tubular columns. To explore
this concept, a series of axial load tests were conducted on 10 specimens with total of 5 groups. These experiments
were complemented by finite element analysis to assess the effects of various parameters, including steel tube
thickness, protrusion length of the U-shaped tubes, and steel material strength, on the structural integrity and
ductility of the columns. Results indicate that the predominant failure mechanism involved localized buckling in the
upper-middle region. An increase in the U-shaped tubes’ protrusion length was found to enhance structural capacity
up to a certain threshold, beyond which flexural-torsional failure becomes prevalent. Additionally, both the
structural capacity and ductility of the columns were positively correlated with increases in steel tube thickness and
material strength. The strength of the concrete was observed to have a minimal impact on the initial stiffness and
peak load of the columns, yet significantly influenced the descending phase of the load-deflection curve. Moreover,
concrete stresses were more pronounced at the reentrant corners of the specimen ends and mid-sections compared to
the lateral mid-sections, suggesting an enhanced restraint by the combination of U-shaped and rectangular steel
tubes in these regions. According to the“ unified theory” , two sets of calculation formulas for load—bearing capacity
were proposed. These formulas not only align closely with experimental results but also demonstrate robust
applicability across a wide range of constraint effect coefficients, from 0.44 to 1. 94.
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Tab.1 Detailed parameters of test specimens
HIMASE IR AR E AURE
" b/mm
BEf,  BEER H/mm  J1 N,/kN

KIS 1/mm

CFST-L1 2 100 600 1073
CFST-12 3 100 600 1 308
CFST-L3 4 0235 C30 100 600 1543
CFST-14 3 150 600 1 650
CFST-L5 3 200 600 1992
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Tab.2 Mechanical properties of steel

Bkt i JEEE RARSRE  bohraRy SRR ik
t/mm  f,/MPa  f./MPa E_/(10° MPa) &/%
U B 2 294.17 392.58 30. 60
U B 3 285.56  402.91 2.06 32.81
U 4 286.08  408.12 20.26
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Fig.8 Load-longitudinal mean strain curves of different steel
tube thicknesses
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Tab.3  Stiffness, bearing capacity and ductility coefficient of steel tube with different thickness

WL 1/ mm EA/(10° kN) E A,/ (10° kN) N,/kN N,./kN 5 m
2 589.72 450.24 1 500.25 1378.43 -0.081 1.30
3 858.06 543.15 1768.59 1.779.61 0. 006 3.32
4 1145.70 628.27 2 056.23 2155.72 0.048 4.78
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Tab.4 Stiffness, bearing capacity and ductility coefficient of specimens with different extended lengths of U-shaped pipes

U B SMIKEE b/mm EA/(10% kN) EA./(10° kN) N,/kN N,./kN 5 w
100 858. 06 543.15 1768.59 1779.61 0. 006 3.32
150 1.029.40 629.07 2 243.89 2514.43 0.048 1.28
200 1 200.73 894.98 2 179.20 2 280.73 -0.160 2.06
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Fig. 13 Stress distribution of steel pipe
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Tab.5 Calculation results of axial compression bearing capacity formula
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Fig. 18 Verification of application of constraint coefficient
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