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Abstract - Concrete filled steel tube system has two major advantages. First, the confinement effect of steel tube improves the
compressive strength of concrete. Second, the load capacity and deformation capacity of members are improved because
concrete restrains local buckling of steel tube. It does, however, involve workability problem of using stud bolts or anchor bolts
to provide composite effect for larger cross-sections. While the ribs inside the columns are desirable in terms of compressive
behavior, they cause the deterioration in load capacity upon in-plane deformation resulting from thermal deformation. Since the
ribs are directly connected with the concrete, the deformation of the ribs accelerates concrete cracking. Thus, it is required to
improve the toughness of the concrete to resist the deformation of the ribs. Welding built-up tubular square columns can secure
safety in terms of fire resistance if the problem are solved. This study focuses on mixing steel fiber in the concrete to improve the
ductility and toughness of the columns. In order to evaluate fire resistance performance, loaded heating test was conducted with
8 specimens. The behavior and thermal deformation capacity of the specimens were analyzed for major variables including load
ratio. The reliability of heat transfer and thermal stress analysis model was verified through the comparison of the results between
the test and previous study.
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Table 1. Concrete mixing and type

Batch (Specimen type)

Property I(NRC1)| 2(NRC2) | 3(NRC3)
Cement Content (kg/m®) 380 439 439
Fine aggregate (kg/m®) 673 621 621
Coarse aggregate (kg/m®) | 1162 1128 1128
Aggregate type Siliceous | Carbonate | Carbonate
Water (kg/m®) 167 161 161
Water-cement ratio 0.44 0.37 0.37
Steel fiber (kg/m®) 42 - 42
28day compressive
Strength (MPa) 39.9 32.6 432
fck at test date (MPa) 40.9 37.1 43.3
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Fig. 4. Double punch test

Table 2. Tensile test list of SFRC(Moon, 2013)

)]

Tensile Shape(mm) Temp. Mlx.mg
Type MP (t,/d,) OC ratio
(MPa) Dia. |Length ) (Vol. %)
Crimped- 1.050 0.5 30 60 20 0
End Wire| 0.75 60 80 300 0.25
Deformed 500 0.50
Slit Wire 2,450 | 0.5 40 80 700 1.0
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Table 3. Specimen list

Test

Ve | fu | Cr | Ce ,| FR
No.| Spec. @) lovpa| &Ny | vy L?Ie(li)c c/C’, (min)
1 [F3500| O 40 |3,395|6,198| 1,188 |0.35| 79
2 [F5000| O 40 |13,395/6,198| 1,697 |0.50| 41
3 |F3520| 0.25 | 41 [3,395/6,198| 1,188 |0.35| 80
4 |F5020( 0.25 | 41 |3,395|6,198| 1,697 |0.50| 43
5 |F3030(0.375| 50 |5,934|7,007| 1,018 |0.30| 120
6 |F3530/0.375| 46 |3,393/6,198| 1,187 |0.35| 107
7 |F4530/0.375| 50 |5,934(7,007| 1,527 [0.45| 60
8 |F5030(0.375| 46 |3,387|6,198| 1,693 |0.50| 53
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Fig. 10. Heat Flux flow (at Heating 150min)
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Table 6. Parameter FEM analysis results

FR (min)
Table 5. Parameter Analysis list Load P (kN) E A B A/B
- - Ratio (mm/min) Vy Ve o %
Percent of steel fiber| Load Ratio Axial Load (kN) 0375 % f 0
0.20 679 0.20 679 -0.0586 147 130 | 1.13
0.25 848 0.25 848 -0.0725 114 96 1.17
0.30 1,029 0.30 1,029 | -0.1352 93 74 1.26
0% 0.35 1,127 0.35 1,127 | -0.5414 86 66 1.30
0.40 1,357 0.40 1,357 | -0.5414 73 52 1.41
0.375% 0.45 1,538 0.45 1,538 | -0.8758 64 41 1.57
0.50 1,617 0.50 1,617 | -0.9367 61 36 1.70
0.55 1,866 0.55 1,866 | -1.4262 53 26 2.04
0.60 2,037 0.60 2,037 | -3.8173 38 11 3.42
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