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Performance and bearing capacity calculation method of concrete-filled
double steel tubular composite stub columns under fire

YANG Qingtian' , DUO Fei', ZHANG Jinchuan', HOU Liqun®*, CHEN Shicai’

(1. Department of Civil Engineering, Beijing University of Technology. Beijing 100124, China;
2. China Railway Construction Group Co. . Ltd. . Beijing 100040, China)

Abstract: In order to study the fire resistance of concrete-filled double steel tubular composite
stub columns (CFDST), a refined numerical model of CFDST was established. Based on the
verification of test results of similar components, the high-temperature response law and fire
resistance influence factor of CFDST were analyzed. The effects of internal pipe diameter
thickness ratio, external pipe diameter thickness ratio, internal and external pipe diameter ratio
were comprehensively analyzed. The fire resistance limits of CFDST with different section
combinations (inner circle and outer circle, inner square and outer circle, inner circle and outer

square) were compared and analyzed. Based on the theory of heat conduction analysis, the
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temperature field distribution formula of CFDST section was deduced, and the formula was
modified according to the results of finite element simulation. Finally, based on the principle of
temperature equivalence, the simplified calculation formula and bearing capacity calculation
method of section temperature field of CFDST under fire were further proposed. The results
show that CFDST has good fire resistance. Increasing the thickness of the inner steel tube when
the diameter is unchanged and increasing the diameter of the inner steel tube when the thickness
is unchanged are conducive to the improvement of the fire resistance limit. Under the condition of
the same load and steel content, the fire resistance limit of CFDST with different section
combinations is almost the same, but on the whole, the fire resistance of double circular steel
tube concrete stub column is better. The difference between the simplified calculation formula of
temperature field, the bearing capacity calculation method and the finite element results is less
than 15%.

Key words: concrete-filled double steel tubular composite stub column; temperature field; fire re-

sistance limit; simplified calculation formula; bearing capacity
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Table 1 Parameters of specimens
K9S | Do(By)/mm | to/mm | Di(B)/mm | t;/mm | L/mm | fy/MPa | fu/MPa | foo/MPa | fi/MPa | faj#f/kN | Hf[d]/min
C1 406. 0 8 165. 1 3.0 800 401 399 63.4 4100 62
C2 219.1 5 101. 6 3.2 800 426 426 63.4 1821 30
S1 350.0 8 150. 0 5.0 800 514 564 4 420 79
S2 200.0 6 150. 0 5.0 800 506 591 63.4 1 900 42
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Table 2 Parameters of models
T 2t I S D,/D; A,/mm? A./mm?*
D,/mm to/mm D,/t, D;/mm t;/mm D/t
CC1 300 3.00 100. 0 100. 0 5.0 20. 00 3.0 4 300 66 400
CcC2 300 6.00 50.0 100. 0 5.0 20. 00 3.0 7 040 63 660
CC3 300 8. 00 37.5 100. 0 5.0 20. 00 3.0 8 840 61 860
CC4 300 3.00 100. 0 100.0 6.0 16. 70 3.0 4 580 66 120
CC5 300 3.00 100. 0 100. 0 8.0 12. 50 3.0 5120 65 580
CC6 300 3.00 100.0 120.0 6.0 20. 00 2.5 5 530 96 270
CcC7 300 3.00 100. 0 150.0 7.5 20. 00 2.0 6 470 119 200
Cs1 300 3.00 100. 0 100. 0 3.9 25. 60 3.0 4 300 66 400
CS2 300 6.00 50.0 100. 0 3.9 25. 60 3.0 7 040 63 660
CS3 300 8.00 37.5 100. 0 3.9 25. 60 3.0 8 840 61 860
CS4 300 3.00 100. 0 100. 0 4.7 21. 30 3.0 4 580 66 120
CS5 300 3.00 100. 0 100. 0 6.2 16. 10 3.0 5120 65 580
CS6 300 3.00 100. 0 120.0 4.7 25. 60 2.5 5 530 96 270
CS7 300 3.00 100. 0 150. 0 5.8 25. 60 3.0 6 470 119 200
SC1 266 2.66 100. 0 88. 6 5.7 15. 50 3.0 4 300 66 400
SC2 266 5. 30 50. 2 88. 6 5.7 15. 50 3.0 7 040 63 660
SC3 266 7.10 37.5 88. 6 5.7 15. 50 3.0 8 840 61 860
SC4 266 2.66 100. 0 88. 6 7.0 12.70 3.0 4 580 66 120
SC5 266 2.66 100. 0 88. 6 9.4 9.43 3.0 5120 65 580
SC6 266 2.66 100. 0 106. 4 6.9 15. 40 2.5 5530 96 270
SC7 266 2.66 100. 0 133.0 8.6 15. 50 2.0 6 470 119 200
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Fig.3 Temperature measuring point of cross section
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Table 3  Statistics results of fire resistance limit

JENGE TR t1/min t>/min t3/min R ES t/t /13 t1/ts
CC1(CS1,SCDh 18. 28 18.10 18. 48 0.06 1.01 0.98 0.99
CC2(CS2,SC2) 35. 80 35.99 35.93 0.10 0.99 1. 00 1. 00
CC3(CS3,SC3) 44. 80 43.74 43.04 0.12 1.02 1.02 1. 04
CC4(CS4,SChH 26.18 21.49 22.10 0.06 1.22 0.97 1.18
CC5(CS5,SC5) 32.70 33.69 28.78 0.07 0.97 1.17 1. 14
CC6(CS6.,SC6) 33. 89 34.91 32.80 0.07 0.97 1. 06 1.03
CC7(CS7.SC7) 67.65 68.91 64. 66 0.09 0.98 1.07 1.05
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