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Abstract: In order to study the changes in the failure modes of reinforced concrete beams with fixed
ends in fire, the temperature field inside a beam was analyzed using finite element analysis software
and its distribution at different fire resistance times was determined. The ultimate bearing capacity of
the reinforced concrete beam at different fire times was calculated using the simplified calculation for-
mula of bearing capacity. Theoretical analysis was conducted on three sets of beam specimens with
fixed ends, taking the upper longitudinal reinforcement area, concrete cover thickness, and concrete
strength as transformation factors. The influence of different parameters on the changes of critical

point £ in the failure mode of the reinforced concrete beams during fire was discussed. The results
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show that the larger the reinforcement area of the upper longitudinal reinforcement, the earlier the fire

time T of the point £&. The thicker the concrete protective layer and the higher the strength of the con-

crete, the later the fire time T corresponds to the point & To ensure that the beams undergo bending

failure within two hours of being exposed to fire, ideas for the fire protection design of beams are pro-

vided based on theoretical calculations. The presented method can simplify the analysis of the changes

in failure modes of reinforced concrete beams at high temperatures, and provide a reference for the de-

sign and calculation of components in fires.

Keywords: consolidation beam ; failure mode; fire process; simplified calculation; ultimate bearing ca-

pacity
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Table 1 Ultimate bearing capacity at different times and

temperatures
/s 3 DA% R AR B A
EEII/RN  RE T/ (KNem)  HAH HAH
0 300.67 284.15 1.591  2.018
300 300.67 284.15 1.591  2.018
600 300.67 284.15 1.591  2.018
900 296.21 284.15 1.567  2.018
1200 293.97 284.15 1.555  2.018
1500 288.76 282.37 1.528  2.005
1 800 284.74 281.38 1.507  1.998
2100 278.34 271.53 1.473  1.928
2400 276.11 262.58 1.461  1.865
2700 270.6 251.63 1.432 1.787
3000 269.11 237.57 1.424  1.687
3300 258.15 223.95 1.366  1.590
3600 249.2 210.77 1.319  1.497
3900 244.89 197.9 1.296  1.405
4 200 236.24 186.41 1.250  1.324
4 500 230.78 175.88 1.221  1.249
4 800 223.04 165.61 1.180  1.176
5100 217.47 155.77 1.151  1.106
5400 211.12 145.61 1.117  1.034
5700 205.54 135.94 1.088  0.965
6 000 199.83 126.71 1.057  0.900
6 300 194.85 117.89 1.031  0.837
6 600 188.19 109.44 0.996  0.777
6 900 181.48 101.33 0.960  0.720
7 200 176.91 93.55 0.936  0.664
7 500 169.88 86.06 0.899  0.611
7 800 164.49 78.85 0.870  0.560
8 100 157.33 71.90 0.832  0.511
8400 152.85 65.19 0.809  0.463
8 700 146.2 60.34 0.774  0.429
9000 140.41 56.65 0.743  0.402
9 300 133.87 53.03 0.708  0.377
9600 129.75 49.54 0.687  0.352
9900 125.65 46.16 0.665  0.328
10 200 120.72 42.86 0.639  0.304
10 500 114.7 39.66 0.607  0.282
10800 106.51 36.32 0.564  0.258
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Table 2 Specimen parameter design

irE ZRMHE REEL n

g RN er mmme mr i

¢/mm A/mm’ g P/kN
CWL1  250%400 40 1017 €30 290
GWL1 2507400 40 1017 C30 174
GWL2 2507400 40 804 €30 174
GWL3  250%400 40 911 €30 174
GWL4 2507400 40 1137 €30 174
GWL5  250%400 20 1017 €30 174
GWL6  250%400 25 1017 C30 174
GWL7  250%400 30 1017 €30 174
GWLS  250%400 35 1017 C30 174
GWL9  250%400 45 1017 C30 174
GWL10 250%400 40 1017 C25 174
GWL11 250%400 40 1017 C35 174
GWL12 250%400 40 1017 C40 174
GWL13 250%400 40 1017 C45 174
GWL14 250%400 40 1017 C50 174
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Fig.9 Heating curve of steel bar
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Fig.11 a— curves for different protective layer thicknesses
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Fig.12 a—t curves for different concrete strengths
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