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Axial compressive behavior of square geopolymer concrete-
filled steel tubular stub columns under elevated temperatures

JI Sen’, ZHU Meichun’, MENG Fangqin®
(1. School of Civil Engineering, Shanghai Normal University, Shanghai 201418, P. R. China; 2. Faculty of
Engineering, University of Auckland, Auckland 1023, New Zealand)

Abstract: To investigate the axial compressive behavior of square geopolymer concrete-filled steel tubular
(GCFST) stub columns at elevated temperatures, the target temperature was selected as the primary
experimental parameter, while the outer dimensions, wall thickness, and steel strength of the steel tube were
also varied. A total of 10 short-column specimens filled with C40 slag - fly ash geopolymer concrete were
designed and fabricated. Elevated-temperature heating tests and axial compression tests were subsequently
conducted to determine the temperature distribution and mechanical performance of the specimens at 28 °C,
200 °C, 400 °C, 600 °C, and 800 °C. The failure modes, ultimate load-bearing capacities, and load -
displacement responses under different testing conditions were systematically obtained. The experimental
results indicate that for specimens with a larger confinement factor, the ultimate bearing capacity at 200°C and

400 °C increased by 6% and 9%, respectively, compared to that at ambient temperature. In contrast, specimens
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with a smaller confinement factor showed a slight decrease. This suggests that a stronger confining effect from

the steel tube amplifies the thermal densification of the geopolymer concrete at 200-400 °C . When the

temperature reaches 600 °C and above, the bearing capacity of both types of specimens drops significantly.

Subsequently, a sequentially coupled thermal-stress finite element model was established using ABAQUS.

Validated against the test data, the model accurately simulates the thermo-mechanical response of such

components. Parametric analysis results show that increasing the confinement factor helps to enhance it.

Keywords: square concrete-filled steel tubular stub column; geopolymer; axial compressive behavior; constant-

temperature loading; finite element analysis; confinement factor
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Table 1 Design parameters of SGCFST stub column specimens

WAEHS  AMED/mm BEJE //mm D/t MK EEL/mm  f,/MPa  f,/MPa U0 250 IRE PO EE/C
S-100-28 100 3 33 300 312 49.8 1.17 28
S-100-200 100 3 33 300 312 53.4 1.09 200
S-100-400 100 3 33 300 312 53.4 1.09 400
S-100-600 100 3 33 300 312 51.3 1.14 600
S-100-800 100 3 33 300 312 51.3 1.14 800
S-110-28 110 4 27.5 330 392 49.8 1.83 28
S-110-200 110 4 27.5 330 392 51.2 1.78 200
S-110-400 110 4 27.5 330 392 51.2 1.78 400
S-110-600 110 4 27.5 330 392 51.0 1.78 600
S-110-800 110 4 27.5 330 392 51.0 1.78 800

1 R

Fig.1 Specimen casting
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Table 2 Mix proportion of C40 slag-fly ash GPC
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Fig.2 Layout of thermocouple measuring points
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Fig.3 Schematic diagram of test setup
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Fig. 4 Failure modes of SGCFST short columns under high temperature
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Fig.7 Load-relative deformation curves of SGCFST stub column specimens at different temperatures
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Table 3 Peak load of SGCFST stub column specimens at

different temperatures

4 VAR 280 /6N e T T U A1 A7 2 L
S-100-28 778.2 1
S-100-200 756.9 0.97
S-100-400 735.9 0.95
S-100-600 662.8 0.85
S-100-800 468. 4 0.61
S-110-28 1149.8 1
S-110-200 1219.8 1.06
S-110-400 1258.9 1.09
S-110-600 864.5 0.75
S-110-800 590.7 0.51
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