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The Fire Resistant Performance of RC Column with Confined Lateral

Reinforcement According to Fire Exposure Condition
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When reinforced concrete structures are exposed to fire, their mechanical properties such as compressive strength, elasticity coefficient
and rebar yield strength, are degraded. Therefore, the structure’s damage assessment is essential in determining whether to dismantle
or augment the structure after a fire. In this study, the confinement effect of lateral reinforcement of RC column according to the
numbers of fire exposure face and stirrup was verified by fire resistant test with the heating temperatures of 400C, 600C and 800C.

The test results showed that the peak stress decreases and peak strain increases as the temperature is getting higher, also transverse
ties are helpful in improving the compressive resistance of concrete subjected to high temperature. Based on the results of this study,
the residual stress of confined concrete under thermal damage is higher at the condition of more lateral reinforcement ratio and less fire
exposure faces. The decreasing ratio of elastic modulus of more confined and less exposure faces from the relationship of load and

displacement was also smaller than that of opposite conditions.
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Table 2. Test results on specimens

Type* No. of No. of fo(t) Ec(t)
stirrup heating face (MPa) (x10°MPa)
ST5-20-0 0 33.5 333.3
ST5-400-1 1 38.7 250
ST5-400-2 2 22.7 166.7
ST5-400-3 3 244 166.7
ST5-400-4 4 20.2 125
ST5-600-1 1 20.3 166.7
ST5-600-2 5 2 17.1 142.8
ST5-600-3 3 13.5 83.3
ST5-600-4 4 12.3 71.4
ST5-800-1 1 11.3 76.9
ST5-800-2 2 8.0 35.0
ST5-800-3 3 6.8 24.0
ST5-800-4 4 6.4 15.6
ST9-20-0 0 31.9 250
ST9-400-1 1 31.8 250
ST9-400-2 2 27.5 200
ST9-400-3 3 24.4 200
ST9-400-4 4 233 200
ST9-600-1 1 20.0 111
ST9-600-2 9 2 18.1 91
ST9-600-3 3 14.8 37
ST9-600-4 4 13.5 28.6
ST9-800-1 1 13.0 83.3
ST9-800-2 2 10.8 57.1
ST9-800-3 3 8.8 34.5
ST9-800-4 4 74 323
* st5-600-3 : number of stirrups - heating temperature — number of faces
on heating

Table 3. Percent residual peak stress after thermal cycle

Temp. | st5-1 | st5-2 | st5-3 | st5-4 | st9-1 | st9-2 | st9-3 | st9-4
20 1 1 1 1 1 10 1 1
400 1.15 | 0.67 | 073 | 0.60 | 1.0 | 086 | 0.76 | 0.73
600 0.60 | 0.51 | 040 | 036 | 0.62 | 0.56 | 0.46 | 0.42
800 034 | 024 | 020 | 0.19 | 041 | 034 | 027 | 0.23

Table 4. Difference of residual stresses between ST9 and ST5 type(%)

Temp.(‘C)[1 face heated|2 faces heated|3 faces heated|4 faces heated

400 (-15) 19 3 13
600 2 5 6
800 7 10 7 4
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Table 5. Strains by difference of heating faces and stirrups at 10MPa

of stress
Temperature | Faces st3 O
P Strain Ratio Strain Ratio
1 1550 1 1750 1
600 at 2 2250 1.5 2250 1.3
10MPa 3 3400 2.2 3800 22
4 4500 2.9 3400 1.9
1 1300 1 1400 1
800 at 2 3050 2.3 2050 1.5
SMPa 3 3500 2.7 3600 2.6
4 4000 3.1 3400 2.4
—=— st5-600
31 . cee00
—4— st5-800 P
< —v—st9-800 \;;,&C, o
o / gy
® —
5 2 -
£
o]
4
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Fig. 11. Comparison of strains between ST5 and ST9 type specimen
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Table 6. Remaining elastic modulus resulting from a thermal cycle

Temp.(C) | st5-1 | st5-2 | st5-3 | st5-4 | st9-1 | st9-2 | st9-3 | st9-4
20 1 1 1 1 1 1 1 1
400 0.75 | 0.50 | 0.50 | 0.38 1 0.8 0.8 0.8
600 050 | 043 | 025 | 0.21 | 044 | 036 | 0.15 | 0.12
800 023 | 0.10 | 0.07 | 0.05 | 0.33 | 0.23 | 0.14 | 0.13

Table 7. Variation in elastic modulus due to heating faces

Temp.(C) | st5-1 | st5-2 | st5-3 | st5-4 | st9-1 | st9-2 [st9-3|st9-4
400 1 0.67 | 0.67 | 0.50 1 0.80 |0.80| 0.80
600 1 0.86 | 0.50 | 0.43 1 0.82 10.33| 0.25
800 1 0.45 | 0.31 | 0.20 1 0.69 1042 0.39

Average reducing ratio] 0.34 | 0.51 | 0.63 0.24 10.49] 0.52
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Fig. 14. Elastic modulus due to heating faces(ST5)
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Fig. 17. Load-displacement curves depending on different heating
faces with ST9 type specimen
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