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Evaluation of Fire Resistance of Unprotected Concrete-filled Rectangular
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Abstract - In this paper, experimental program and associated numerical study were carried out to evaluate the fire resistance of
unprotected concrete-filled rectangular steel tubular (CFT) columns subjected to the standard fire. The key testing parameters
included the length effect, the load ratio, and the sectional dimensions of the CFT columns. Temperature distribution and axial
deformation of the CFT column specimens were measured and analyzed. Rather early local buckling of steel tubes was observed
in all the specimens. This caused subsequent load transfer from steel tube to concrete, and eventually triggered concrete crushing,
or complete loss of the load bearing capacity of the column. This implies that the limit state of local buckling as well as overall
flexural buckling should be incorporated in fire design procedure. As expected, the fire resistance time of specimen with higher
load ratio consistently lessened. The prediction of fire resistance time of unprotected CFT columns based on the limiting steel
temperature in current design codes or the formula proposed by previous studies is slightly conservative compared to the fire test
results available. To establish the finite element analysis model that can be used to predict the thermal and structural behaviour
of unprotected CFT columns in fire, the fully coupled thermal-stress analysis was also tried by using the commercial code
ABAQUS. The numerical results showed a reasonable global correlation with the experimental results.

Keywords - Concrete-filled rectangular steel tubular column, Standard fire test, Fire resistance, Local buckling, Limiting

temperature, Load bearing capacity
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Fig. 1. General time-axial deformation relationship of a CFT
column during fire test
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Table 1. Summary of test specimen information
Specimen Sectional dimension Length Napp Load ratio
(mm) (mm) (kN) Napp/Naes Napp/Ny Napp/Neon
SHSI1-H1 [1-300x300%9 4500 1966 0.4 0.39 0.76
SHS2-H2 [1-300x300%9 3900 1980 0.4 0.38 0.76
SHS3-H3 [1-300x300%9 3300 1984 0.4 0.37 0.77
SHS4-LR [1-300x300%9 4500 2457 0.5 0.48 0.95
SHS5-WD [ 1-400x400%9 4500 3133 0.4 0.38 0.66
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Fig. 2. Specimen details and location of thermocouples
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Table 2. Mechanical properties of steel

Steel thickness Yield strength Tensile strength
(mm) (MPa) (MPa)

9 288.0 432.7

Table 3. Mechanical properties of concrete

Design compressive strength | Average cylinder strength
(MPa) (MPa)

30.0 32.6
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Table 4. Comparison of fire resistance between tests and simple methods

Perfomance criteria in fire test Fire resistance (min)
Specimen Llcrzgtl:it?;:al ;;:letlélfmrrit;igi Test Prediction formula | Prediction formula [Limiting temperature

(L/100, mm) |(3L/1000, mm/min) by Kodur(1999) | by NUHA(2004) |method in Eurocode
SHS1-H1 45 13.5 36 32 18 27
SHS2-H2 39 11.7 42 38 17 35
SHS3-H3 33 9.9 32 48 17 26
SHS4-LR 45 13.5 29 28 10 26
SHSS5-WD 45 13.5 40 52 26 39
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Fig. 10. Comparison of axial deformations between simulation
and test
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Table 5. Comparison of fire resistance between simulations and tests
Specimen Sectional dimension | Length Fy fex Napp FR FR
P (mm) (mm) (MPa) (MPa) (kN) (test) | (FEM, this study)
SAH1 [1-300x300x9 3000 323 41.4 1600 57 38.6
Park et al.”
(2007) SAH2-1 [1-300%x300x9 2400 363 37.8 1430 44 47.2
SAH2-2 [1-300x300x9 3000 323 41.4 1420 53 45.1
280-24-0.9 [1-280%280x6 2680 235 24.2 1550 28 26.0
280-40-0.9 [1-280%280x6 2680 235 38.9 2590 19 21.2
Cho et al!®
(2010) 280-40-0.6 [1-280x280x6 2680 235 38.9 1727 28 33.5
360-24-0.9 [1-360x360x9 2680 235 24.2 2531 33 31.1
360-40-0.6 [1-360x360x9 2680 235 38.9 2806 31 42.5
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