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ABSTRACT

The behavior of concrete structures subject to fire is complex, depending on many factors. The factors usually
considered in research include the level and endurance of temperatures in concrete and reinforcing bars, the
mechanical properties of the steel and concrete, moisture contents, cover thickness, existence of eccentricity, and
member geometry among others. Although there are a few sophisticated numerical models which can trace the
effects of these important parameters on the residual capacity of reinforced concrete columns damaged by fire,
practical predictive formulas are in need for rapid yet reasonable assessment in practice. The practical formulas are
developed in this study for fire-damaged normal strength reinforced concrete square columns, which  can
approximate the predictions of those sophisticated numerical models with ease in use. The formulas take into account
the effects of exposure time to fire, concrete strength, reinforcement ratio and sectional area. The developed formulas
are seen to correlate with the predictions of numerical model in a reasonable agreement. Some examples are also
presented in determining the residual strength, safety and additionally needed strengths for a fire-damaged reinforced

concrete column.
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Fig. 2 P-M Interaction curves of square
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Fig. 3 P-M interaction curves of a fire-damaged
column and definition of (PA),, t,=1 and 2

hrs. (£, =23.5MPa, Ay =750 X 750mm?)
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Table 1 Averaged values of(Pir), /(PM), for different
reinforcement ratios (f, = 23.5MPa)

Heating AT Reinforcement ratio
time(hrs) T 0.02 0.04 0.06 0.08
1 0.695 0.760 0.773 0.803
1 2 0.850 0.890 0.909 0.935
3 0.893 0.941 0.939 0.960
4 0.919 0.950 0.951 0.971
1 0417 0.450 0.467 0.493
9 2 0.769 0.814 0.844 0.875
3 0.836 0.884 0.902 0.936
4 0.870 0.914 0.920 0.953

Table 2 Set of o, obtained by Eq. (8)

@ for different heat | coefficient of 5, and £,
p time(hour) ap =Byt + 6,
1.0 20 B, B,
0.02 -0.30637 | -0.27589 0.03048 -0.33685
0.04 ~0.22970 | -0.24681 -0.01711 -0.21259
0.06 -0.21482 | -0.23290 -0.01808 -0.19675
0.08 -0.17611 | -0.21189 -0.03578 -0.14033
= (AT Ayl AT G @®)
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Table 3 Coefficient values in Eq.(12) for different
relative sectional areas and different
concrete compressive strengths

Relative areas

Jox 10<

< .
(MPa) A

7]

40<

W |we |W3| wg | R? | w1 |y |wWs | wa | B2

20.6 |-1.4]0.0713.99|-0.50]| 0.98 [-1.34]0.085.34|-0.52| 0.94

235 |-1.58/0.11 |4.50{-0.60] 0.97 |[-1.17[0.09 [5.10{-0.57{0.91

265 -1.0410.0913.20|-0.56| 0.98 |-0.31|0.06 |2.85|-0.49] 0.92

294 1-1.43)0.11]4.10{-0.62} 0.99 |-0.660.08 |4.04{-0.58| 0.97

average|~-1.360.095(3.94 -0.57| 0.98 | 0.87 [0.078/4.33)-0.54|0.94

Table 4 Coefficients of the best fit in Eq.(13)

Relative areas

w,; 1.0< AV/A<4.0 4.0< AV/A<16.0

a; b, a; b
Wy 0.015 -1.754 0.099 -3.34
Wo 0.003 0.01 -0.001 0.103
Ws -0.034 4,79 -0.21 9.59
Wy -0.011 -0.29 0.003 ~0.456
R 096 0.88
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Fig. 8 Variations of coefficients, w,;s and regression

lines for different compressive strengths of
concrete, fx
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