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Tab.1 Design parameters of specimens

Vi s n 7°C  f/MPa  f/MPa (10° I\]fr/n )
NT-0.3-C60 70.3 4.09
NT-0.3-C50 0.3 20 4115 623 4.03
NT-0.3-C40 552 3.55
HT-0.3-C60 50.2 3.80
HT-0.3-C50 0.3 60 4024 459 3.70
HT-0.3-C40 447 3.31
LT-0.3-C60 90.8 431
LT-0.3-C50 03  -40 4458 746 422
LT-0.3-C40 73.9 3.68
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Fig. 1 Specimen structure
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Tab.2 Mix proportions of core concrete

kg/m3

i L
BIE KU AUERE RLERE K SMIRL B KR
4

Co0 359 850 931 131 8.62 120 0.273

C50 398 768 1030 135 497 90 0.277

C40 328 859 952 145 742 109 0.332
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Fig.2 Schematic diagram of test loading device
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Fig. 4 Failure modes of the specimens after loading
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Tab.3 Measured loads and displacements at characteristic points
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Fig. 11 Comparing curves of equivalent viscous damping coefficients
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Tab.4 Comparison of calculated values of different for-
mulas and experimental values
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Experimental Study on the Influence Mechanism of Ambient Temperature on the Seismic Performance of
Steel Tube Confined Concrete Columns
WANG Li', HU Qi', PAN Qiren', GU Haowei', ZHAI Qiyuan’, YU Lusong', KANG Ercong’
(1.School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;
2.Shanxi Jiaoyuan Testing Co., Ltd., Taiyuan 030000, China;
3.School of Civil Engineering, Tianjin University, Tianjin 300350, China)

Abstract:

Objective Steel tube confined concrete (STCC) columns have an increasingly broad application prospect in high-cold and high-intensity areas. In
steel-concrete composite structures, the cooperative behavior of steel and concrete is an essential prerequisite for the normal stress performance of
such structures. However, due to the influence of ambient temperature on the mechanical properties of steel and concrete and the interaction at their in-

terface, the seismic performance of the structure cannot be ignored. Therefore, to investigate the influence of ambient temperature on the seismic per-
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formance of steel tube confined concrete columns, quasi-static tests of steel tube confined concrete columns under different ambient temperatures are
conducted. Based on the test results, the influence of ambient temperature on the seismic indices of the specimens is analyzed, and the underlying
mechanism by which ambient temperature affects the seismic performance of steel tube confined concrete columns is revealed. In addition, a modified
formula for calculating the horizontal bearing capacity of steel tube confined concrete columns considering temperature effects is proposed to provide
a necessary basis for the seismic design of steel tube confined concrete structures in high-cold and high-intensity areas.

Methods A set of quasi-static test devices suitable for different ambient temperatures was designed and developed. Quasi-static tests on nine steel tube con-
fined concrete columns were conducted, with ambient temperature and concrete strength selected as the primary research parameters. Comparative tests
were performed on three groups of steel tube confined concrete columns under different environmental temperature conditions (=40 °C, 20 °C, and 60 °C)
and three groups with different concrete strengths (C40, C50, and C60). The influence mechanism of ambient temperature on the seismic performance of
steel tube confined concrete columns was systematically revealed by comparing and analyzing seismic performance indices, including failure mode, hori-
zontal bearing capacity, ductility performance, stiffhess degradation, and energy dissipation capacity of each specimen. Considering the limitation that exist-
ing calculation methods for the horizontal bearing capacity of steel tube confined concrete columns did not consider the influence of ambient temperature,
the temperature influence coefficient of horizontal bearing capacity was regressed based on the test results in this study. The existing calculation formula for
horizontal bearing capacity was multiplied by the temperature influence coefficient k;, and the accuracy and reliability of the proposed formula were veri-
fied through comparisons with the experimental results of this study and other reported test results in the literature.

Results and Discussions The failure modes of specimens under identical temperature conditions were similar and were characterized by typical
compression-bending plastic hinge failure. Under all temperature conditions, buckling occurred 10~30 mm above the stiffener at the base of the speci-
mens, with initial local buckling gradually propagating toward both sides. Higher concrete strength resulted in more pronounced local buckling above
the stiffener. In addition, steel tube tearing was observed under all temperature conditions. Under normal and high temperature conditions, tearing oc-
curred in the middle of the buckled region, whereas under low temperature conditions, cracks developed along the lower side of the buckle, which was
attributed to the significant increase in concrete strength in cold environments. Compared to normal temperature conditions, under low temperature con-
ditions (=40 °C), the initial stiffness and horizontal bearing capacity of the specimens increased by 16.23% and 20.88%, respectively. However, the dis-
placement ductility coefficient decreased by 37.52%, indicating a substantial reduction in ductility and energy dissipation capacity. Under high tempera-
ture conditions (60 °C), the initial stiffness and horizontal bearing capacity decreased by 12.52% and 4.25%, respectively, while the displacement ductil-
ity coefficient decreased by 5.27%, accompanied by a reduction in energy dissipation capacity. Although increasing concrete strength enhanced horizon-
tal bearing capacity, its overall influence on the seismic performance of steel tube confined concrete columns remained relatively limited. The calculated
values obtained using existing formulas showed relative errors of no more than 9% when compared to experimental results under normal temperature
conditions, satisfying engineering accuracy requirements. However, under high and low temperature conditions, the maximum relative error between
calculated and experimental values reached 21.73%, demonstrating the necessity of considering ambient temperature effects and modifying the existing
horizontal bearing capacity calculation formulas accordingly.

Conclusions Ambient temperature has a significant influence on the seismic performance of steel tube confined concrete columns. Ambient tem-
perature and concrete strength exhibit different degrees of influence on the initial stiffness, horizontal bearing capacity, ductility, and energy dissi-
pation capacity of the specimens. These effects are mainly attributed to the additional hoop constraint induced by ambient temperature variations
and the corresponding changes in material properties. The ductility of steel tube confined concrete columns under different ambient temperatures
is lower than that observed at room temperature; however, the underlying mechanisms of degradation differ. In low-temperature environments,
the increased brittleness of the core concrete and the accelerated accumulation of damage lead to a significant reduction in ductility. In high-
temperature environments, the reduction in the viscous performance of the steel concrete interface weakens the confinement effect of the outer
steel tube on the core concrete, resulting in decreased ductility. A modified formula for calculating the horizontal bearing capacity of steel tube
confined concrete columns that considers the influence of ambient temperature is proposed. The relative error between the calculated and experi-
mental values is less than 10%, indicating good agreement and providing a theoretical basis for the design of this type of structure in alpine re-
gions. The design of steel tube confined concrete structures in alpine regions should comprehensively consider the effects of temperature-induced
additional confinement and temperature-induced material property changes on the mechanical behavior of the structure.

Key words: steel tube confined concrete column; ambient temperature; quasi-static test; seismic performance; horizontal bearing capacity;

temperature-induced additional constraint effects
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