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Tab.1 Comparison of fire resistance betw een calculation results and test results
n Ri/min Ri«,/min § % n Ri./min Rf«,/min & %
Z1 L 0.35 150 175 - 14.3 | 727 T 0. 55 132 124 6.5
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Continue table

n t./min texp/ Min 8/ % n t./ min fep/ min & %
72 L 0.45 125 147 - 15.0 VA T 0.55 174 190 - 8.4
73 L 0.55 108 102 5.9 79 + 0.35 208 245 - 15.1
74 L 0.55 175 207 - 15.5 || Z10 + 0.45 173 165 4.8
75 T 0.35 178 179 -0.6 |[Z11 + 0.55 144 116 24.1
76 T 0.45 152 148 2.7
2
T , 2 T
n [ bxh(b , h ) e(e= eo/
ra, ra= ,’IU/A,IG a Za ) p(p:
As/A, 3 , d ;le= 200 mm; (h- b)/2<0. 20m
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Fig.2 Parameters of cross section Fig. 3 Arrangement of longitudinal
of T-shaped column steel bars
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Fig.5 Variation of fire resistance with load ratio Fig. 6 Variation of fire resistance with effective length
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Fig.7 Variation of fire resistance with sectional dimensions
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Fig.8 Variation of fire resistance Fig.9 Variation of fire resistance
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Fig.10 Variation of fire resistance with load angle
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3
T , , T
s FEC1, FEC2,FEC3 4320,6912,4 320
(L) 3 , 2,3,4 m; (bxh) 6 2
200% 500, 250 x 500, 200 % 650,250% 750, 200 % 800, Tab.2 Load angle values of fire exposure
250% 1 000 (mm X mm); (e) 4 0, al/ )
0.5, 1.0, 2.0 (0 0.01%, 0.02%,  FECI =90, - 450,45, %0
- 135, = 90, - 45, 0,
0. 03%:; (a) : FEC2 45, 90, 135, 180
4 ’ FEC3 - 90, - 45, 0, 45, 90
s (fv) (fu) 375,500 M Pa; 30 M Pa;
30 mm; 2% .
R 3 , T
R = BuBrBeBras B-Bo) X Xo. (1)

(1) :B=an’+ cnt e, B= csb+ o5, B= cobtr 7, Buv= es(h/b)°+ co( W/ b) + c10, Be= ciie’+ cine’+
cize+ cia, Bo= c15sPF cis, A= cine+ cis, k= cioL/b+ c0L/h+ c2, B= czne/ P+ c2s. ci~ ¢
, 3
3 g~ Cxn
Tab.3 Values of parameters ¢~ ¢; for typical fire exposure cases
a/C)
- 90 - 45 0 45 90

c1 - 0.270 0. 247 0. 365 0.482 0.877

¢ 0.637 - 0. 687 - 0.930 - 1.160 -1.910

c3 - 0.498 0. 599 0.770 0.939 1.570

cq - 0.044 0. 002 0.012 0.008 -0.012

Cs 1.930 2. 110 2.000 2.080 - 3.780

Cco 4.110 3.240 2.670 2.950 - 0.008

c7 - 0.200 - 0.051 - 0.052 - 0.070 9.720% 10-°

cs 0. 540 0. 112 0. 154 0. 142 0.126

cy - 4.330 - 0. 879 - 1.210 - 1.140 - 0.949

cro 19. 500 3. 930 4. 620 4.770 4.170

i - 2.450 2. 560 0.954 - 1.190 3.410
FEC1 2 6.550 - 8 370 - 3.890 1.920 - 10. 200

3 - 3.070 4. 900 3.070 0.258 5.460

Cis 19. 000 17. 100 20. 800 23.200 7.240

s 22.500 0. 315 16. 200 5.760 11.200

Cie 0.546 0. 894 0. 845 0. 880 1.290

17 0.161 - 0. 157 0.225 0. 141 - 1.600

Ci - 0.097 0. 167 - 0.169 - 0.099 2. 840

Cro - 0.103 0. 069 0.073 0.096 0.195

0 0.414 - 0. 677 - 0.708 - 0.729 -2.170

01 - 5.250 9. 480 9. 810 9. 870 29.500

2 0.154 - 0. 196 0.177 0. 142 -0.49

3 - 10.700 9. 200 - 7.850 - 7.560 24.600
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Continue table

- 135 -90 - 45 0 45 90 135 180
i -0699 -1150 -059 -0.120 - 0.346 0. 334 0. 589 - 0377
¢ 1. 640 1.950 - 0.010 0.201 0.924 -0.806 - 1. 380 0.902
c3 - 1220 - 1130 0.495 -0.117 -0.711 0. 617 1. 020 - 0.670
I - 0. 009 0. 108 0. 156 0.477 0.007 0. 045 0. 128 0.114
cs 4. 840 1. 210 2. 130 5.160 0.238 - 3.330 5. 920 5.550
c6 6. 190 4. 710 4. 930 6.370 -2.940 - 0.438 -0 309 10. 100
¢y - 0. 157 0. 873 0. 619 0.391 -0.127 0. 008 0. 009 - 0.19
cg 0. 328 0. 953 1. 210 0.901 0. 140 0. 024 0. 167 0.183
co -270 -4640 -8200 -7.160 -1.09 -0 167 - 1 340 - 1.440
cio 13. 500 23.200 28. 600 33.700 7.570 1. 480 6. 580 6.260
cn 0. 501 0. 698 2. 610 1.710 0. 647 1. 850 0. 291 - 0.046
FEC2 ci2 - 150 -280 -9150 -6.330 -2.220 -6.270 - 1 140 0.163
13 1. 030 3. 900 8 220 6. 060 2.130 5. 100 0. 965 - 0122
an 2. 120 1. 340 1. 290 2.470 0.585 5. 670 4. 300 - 0.575
crs 7. 740 1. 960 5.390 4. 000 4.130 8 170 - 0.030 0.550
Cle - 0.003 1. 600 0. 024 1.200 0.461 0. 887 0. 750 0.055
cr7 -2130 -550 -1530 -6.220 10.200 - 0.676 - 1. 100 - 1760
crs 2. 470 2. 330 0. 788 2.970 - 4.290 0. 776 0. 890 1.500
cro 0.156 -0.003 -0.722 - 0.004 0.151 0. 152 0. 010 - 0.015
€20 - 180 -0005 -2030 -0.012 0.651 - 2 300 0. 428 - 0718
o 26. 600 0. 165 44. 500 0.302 - 15.200 37.700 - 9.150 14.100
€2 - 0.493 0.325 -0 297 0.242 -0.940 -0.366 - 0.214 - 0.593
€23 24.500 - 14.100 13.100 - 9.750 42.300 15.800 13. 000 27.900
al/()
-9 - 45 0 45 90
ci - 2.410 0. 611 - 0023 0.162 1.830
2 - 2.410 0. 611 - 0.59 - 0.942 -3.770
c3 - 4.290 1. 040 0. 688 0.876 2.550
cy 0.099 - 0. 066 - 0073 0.063 0.237
cs 7.210 8 710 8270 4.000 4.280
6 - 0.022 3.710 8070 4.720 0.832
c7 8.600x 10 * - 0.150 - 0.290 - 0.148 - 0.006
cg - 0.203 1. 240 2.360 0.301 0.548
Co 1.560 - 9.530 - 17.900 - 2.240 -4.09
cio - 5.440 31. 900 55.900 7.420 12.300
ci 0.304 - 1670 1. 780 0.120 -1.820
FEC3 ci2 - 0.404 5. 830 - 7.870 - 0.426 5.350
13 - 0.529 - 5.000 12.900 0.403 - 3.060
Cl4 - 8.300 -9.170 7.900 0.090 -1.230
cis - 5.260 - 1390 - 0.042 8.450 0.393
Ci6 - 0.59 - 0179 - 0.009 1.120 0.072
17 0.989 - 0. 006 0.039 - 1.680 3.750
c18 - 0.766 0. 007 -0.033 1.020 2.610
c19 -0.124 0. 501 0.543 - 0.048 0.032
€20 1. 600 - 2.780 - 4110 - 0.999 0.622
o1 - 39.100 45. 100 70.200 21.400 - 11.100
22 0.104 - 0.195 - 0315 - 0.474 -0.316
€23 - 8.850 9. 780 12.000 21.600 19.800
3 FEC1L,FEC2 FEC3 ,T
FEC1 , Y 0 Y 0. 980, 1. 010
0. 101, EEC2 Y U Y 0. 968,
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Research on Fire Resistance Performances of
T-Shaped Columns with Equal Legs
Subjected to Typical Fire Exposure Cases

XU Yu-ye, WANG Quan-feng, QIU Zheng-he

(College of Civil Engineering, Huaqiao University, Quanzhou 362021, China)

Abstract:  Using the numerical program RCSSCF for the reinforced concrete column based on the conjugate beam meth-
od, the influence of various parameters on the fire resistance performances of T-shaped columns subjected to the ISO 834
standard fire with typical fire exposure cases is investigated, such as axial load ratio, effective length, sectional dimen-
sion, load eccentricity ratio, reinforcement ratio and load angle. The fire response of 15552 columns is analyzed. Based on
the simulation results, a practical calculation method is proposed for the fire resistance of T-shaped columns subjected to
three typical fire exposure cases. The simulation results indicate that: (a) reducing the axial load ratio is an effective
measure to improve the fire resistance of T-shaped columns subjected to typical fire exposure cases; (b) the fire resistance
of T-shaped columns subjected to typical fire exposure cases decreases linearly with increasing of effective length; and (c)
the influence of load angle on the fire resistance of T-shaped columns subjected to typical fire exposure cases is significant.
Keywords: T-shaped columns with equal legs; reinforced concrete; fire resistance; T-shaped cross section; numerical

simulation, fire exposure



