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Experimental study on interfacial bonding properties of
circular steel tube concrete columns after freeze-thaw cycles
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Abstract: In order to study the bond slip behavior of round steel tube concrete column after freeze-thaw cycle, a
total of 21 specimens were designed to carry out the push test, taking the number of freeze-thaw cycles, steel
tube wall thickness and strength of concrete as variables. The variation laws of bond strength, load-slip and
strain of round steel tube concrete column under freeze-thaw damage were analyzed. The test results show that
the load-slip curves of the circular steel tube concrete columns subjected to freeze-thaw cycles are similar to
those of the specimens without freeze-thaw cycles, which can be divided into ascending section, descending
section and residual section. Under the influence of freeze-thaw cycles, the interfacial bond performance of

concrete column with round steel tube decreases, the bond strength is inversely proportional to the number of
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freeze-thaw cycles, and the interfacial slip generally increases. The increase of the hoop coefficient can increase

the interfacial bond strength and improve the frost resistance of the concrete column of round steel tube.

According to the test results, a formula for calculating the bond strength of concrete column with round steel

tube considering the number of freeze-thaw cycles and the hoop coefficient is proposed, and the calculated

results are in good agreement with the test results.
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Table 1 Design parameters of specimens

WS REELEE /mm n D/t £
TC2-30-0 C30 2 0 48.00 1.17
TC2-30-50 C30 2 50 48. 00 1.17
TC2-30-100 C30 2 100 48.00 1.17
TC2-30-200 C30 2 200 48.00 1.17
TC2-30-300 C30 2 300 48.00 1.17
TC2-50-0 C50 2 0 48.00 0.81
TC2-80-0 C80 2 0 48. 00 0.54
TC3-30-0 C30 3 0 32.67 1.84
TC3-30-50 C30 3 50 32.67 1.84
TC3-30-100 C30 3 100 32.67 1.84
TC3-30-200 C30 3 200 32.67 1.84
TC3-30-300 C30 3 300 32.67 1.84
TC3-50-0 C50 3 0 32.67 1.27
TC3-80-0 C80 3 0 32.67 0.84
TC4-30-0 C30 4 0 25.00 2.33
TC4-30-50 C30 4 50 25.00 2.33
TC4-30-100 C30 4 100 25.00 2.33
TC4-30-200 C30 4 200 25.00 2.33
TC4-30-300 C30 4 300 25.00 2.33
TC4-50-0 C50 4 0 25.00 1.60
TC4-80-0 C80 4 0 25.00 1.07
T TC Fm i 1050 5 2 545 BE IS s n AR LG SR B 6 W
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Table 2 Mechanical properties of steels

41 JREE SRR AR EIRSREE MRRSREE
B ¢/mm  E/GPa tp  f/MPa  f/MPa 3/%
TC2 2 191 0.291 319 474 19.5
TC3 3 185 0.287 331 456 18.7
TC4 4 195 0. 289 311 430 18.9

) 45, TR BE 9 A g 4 ) ol C30.C50.C80, # 4T
28 d b EFR I 5 ] 2 14 F il 48 9 #£ §7 150 mm X 150
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Table 3 The mix ratio and compressive strength of concrete

P KB L OB/ (kgem ) 28 d 37 77 VR HLE B 0 L T R BT
w/C K K K R b fa % il fi/MPa S2Y/MPa
C30 0.52 300 165 50 675 1 240 3.85 36.2 24.25
C50 0.34 470 160 590 1180 4.70 52.5 35.18
C80 0.25 468 150 42 90 625 1025 78.9 52. 86
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Fig.1 Arrangement diagram of strain gauges (Unit:mm)
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Fig. 2 Final failure modes of specimens
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Table 4 Bond slip characteristic values

JENLE TR n P,/kN S,/mm t,/MPa t,/MPa
TC2-30-0 0 131 2.15 1.51 0.94
TC2-30-50 50 116 2.28 1.34 0.95
TC2-30-100 100 112 2.31 1.29 1.07
TC2-30-200 200 109 2.45 1.26 0. 88
TC2-30-300 300 105 2.64 1.21 0.81
TC2-50-0 0 134 2.16 1.55 1.40
TC2-80-0 0 139 2.19 1. 60 1.51
TC3-30-0 0 201 2.24 2.32 1.35
TC3-30-50 50 192 2.40 2.22 1.27
TC3-30-100 100 189 2.41 2.18 1.30
TC3-30-200 200 183 2.53 2.11 1.17
TC3-30-300 300 177 2.67 2.04 1.10
TC3-50-0 0 203 2.30 2.34 2.22
TC3-80-0 0 215 2.35 2.48 2.45
TC4-30-0 0 218 2.31 2.52 1.78
TC4-30-50 50 206 2.46 2.38 1.99
TC4-30-100 100 199 2.38 2. 30 1.88
TC4-30-200 200 204 2.56 2.35 1.46
TC4-30-300 300 195 2.68 2.25 1.40
TC4-50-0 0 227 2.37 2.62 1.54
TC4-80-0 0 241 2.46 2.78 1.99
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Fig.4 Load-slip curves of specimens
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Fig. 7 Strain distribution curves on surface of steel tube
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Fig.8 The effect of freezing and thawing times
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Table 5 Comparison of calculated and test results

2.00

1.95

7,/MPa
2

1.85

1.80

2.70

2.60 |-

S,/mm
~
1
3

240 1

2.30

T2 3 4 5 6
B
(a) HiZEBE BE
2 3 4 5
B
(b) Kig5
B8 HELREE R

1 i 5 )4 £ t/MPa ¢, /MPa 17, ./t S,/mm S,../mm S,/ S, 3CHk[26]c, 35/ MPa
TC2-30-0 0 1.17 1.51 2.00 1.33 2.15 2.27 1.05 1.43
TC2-30-50 1 1.17 1.34 1.90 1.41 2.28 2.32 1.02 1.43
TC2-30-100 2 1.17 1.29 1.79 1. 39 2.31 2.38 1.03 1.43
TC2-30-200 4 1.17 1.26 1.57 1.25 2.45 2.49 1.02 1.43
TC2-30-300 6 1.17 1.21 1.35 1.12 2. 64 2.60 0.99 1.43
TC2-50-0 0 0.8 1.55 1.80 1.16 2.16 2.25 1.04 1.43
TC2-80-0 0  0.54 1.6 1.64 1.02 2.19 2.23 1.02 1.43
TC3-30-0 0 1.84 2.32 2.39 1.03 2.24 2.31 1.03 2.34
TC3-30-50 1 1.84 2.22 2.29 1.03 2.4 2.36 0.99 2.34
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TC4-30-300 6  2.33 2.25 2.02 0.90 2.68 2.67 1.00 2.80
TC4-50-0 0  1.60 2.62 2.25 0. 86 2.37 2.29 0.97 2.80
TC4-80-0 0 1.07 2.78 1.95 0.70 2.46 2.26 0.92 2.80
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