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An Analytical Study on Encased Steel Composite Columns Fire Resistance
According to Axial Force Ratio

Ye-Som Kim', Byong-Jeong Choi”*

Abstract: In this study, finite element analysis was carried out through the finite element analysis program (ANSYS) to investigate the fire resistance
of composite columns in fire. Transient heat transfer analysis and static structural analysis were performed according to ASTM E 119 heating curve
and axial force ratio 0.7, 0.6, 0.5 by applying stress-strain curves according to temperature, and loading heating experiments were carried out under
the same conditions. In addition, the nominal compressive strength of the composite column according to the heating time according to the
standard(Eurocode 4) was calculated and expressed as the axial force ratio and compared with the analytical and experimental values. Through the
analysis, As a result of finite element analysis, the fire resistance time was 180 minutes and similar value to the experimental value was obtained, whereas
the fire resistance time 150 minutes and 60 minutes were derived from the axial force ratios 0.6 and 0.7. In addition, it was confirmed that the fire
resistance time according to the axial force ratio calculated according to the reference equation (Eurocode 4) was lower than the actual experimental
value. However, it was confirmed that the standard(Eurocode 4) was higher than the experimental value at the axial force ratio of 0.7. Accordingly,
it is possible to confirm the fire resistance characteristics(time-axial force ratio relationship) of the SRC column at high axial force, and to use the
experimental and anaylsis data of the SRC column as the data for verification based on Eurocode.
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Fig .1 SRC column axial force ratio-fire time relationship
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Table 3 Test details and material
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R-1 ASTME 0.7 4,445
R-2 119 Fire 0.6 6,351 3,810
R-3 Curve 0.5 3,175
Table 2 Performance standard of column(KS F 2257-1)
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- Total axial strain(mm) oy
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Section
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Steel H-200x<200x8x 12, SM490A
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Main reinforcement

Stirrup HD10@200, SD400
Welding stud 1-213x110@200, SS400
Concrete f4x=35MPa

Loading plate
(top plate )

Specimen
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Fig. 3 Composite column element modeling
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Table 4 Minimum concrete cover for a steel section according to fire
resistance (EN 1994-1-2(2005))

Standard fire resistance
® °
h.
° o I R30 R60 R90 R120 R180
bt
e
b,

Concrete cover, ¢ (mm) 0 25 30 40 50
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Table 5 Reduction factor(k) of strength(f,, f”) and modulus of

elasticity( £) at elevated temperature

‘ R-1(38min) R-2(110min) R-3(180min)
Material T(C) kr g, kg T(C)kyy ke T(C) Ky kp
Steel 129 1.00 0.97 304 1.00 0.80 490 0.79 0.57
Rebar 312 1.00 0.79 630 0.41 027 750 0.18 0.12

Concrete cover(mm)
28.5 400 0.94 0.67 826 028 0.06 910 0.16 0.00
57.0 312 098 0.70 630 0.50 0.09 750 0.37 0.08
85.5 185 0.76 0.77 430 0.87 0.54 600 0.54 0.10

128.0 129 0.74 0.75 304 0.98 0.70 490 0.73 0.28
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15(Standard test methods for fire tests of building construction
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Fig. 10 Experimental environment
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Fig. 11 Time-temperature according to concrete cover
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Table 6 Temperature at 180 minute fire time (Unit: C)

C(c)gsf;te Test DN 199412 ppy Difference
(mm) (2005) [( Trest — TFEA) /TFEA]
28.5 889 910 857 0.03734
57.0 710 750 718 -0.01114
85.5 592 600 683 -0.13324
128.0 443 490 372 0.19086

1052 Max
964.36
87672
789.08
701.44
613.8
526.16
43852
35088
263.24 Min

Fig. 12 R180 Test specimen temperature
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Fig. 13 Time-axial displacement relationship in fire according to
axial force ratio
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