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Heat Conduction Analysis and Fire Resistance Capacity Evaluation of Reinforced
Concrete Beams Strengthened by FRP

Jong-Wook Lim', Jong-Tae Park’, Jung-Woo Kim?, Soo-Yeon Seo®”

Abstract: The object of this paper is to find the characteristics of fire proof materials through an analytical method and to suggest a proper approach
for fire-proof design of reinforced concrete beam strengthened with fiber reinforced polymer (FRP). Heating tests for fire-proof materials were conducted
and the thermal conductivities and specific heats of them were simulated through finite element analyses. In addition, a finite element analysis on the
beam specimen strengthened with FRP under high temperature, which was conducted by previous researchers, was performed and the analytical result
was compared with test result. And then the compatibility of the analytical approach was evaluated. Finally, the heat resistance characteristic of RC
beam strengthened with FRP was analyzed by the proposed analytical method and the strength decrease of the beam due to the high temperature was
evaluated. From the comparison with analytical and test result, it was found that the heat transfer from outside to inside through the fire-proof materials
can be suitably simulated by using the proposed analytical approach.
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Table 1 Mechanical properties of fire-proof mortar and board

Size Density Specific Heat
(mm>xmm>mm) (kg/m®) (J/kgC)
220%220x20
(Mortar) 2,360 837
220%220%30
(Board) 400 1,000
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Table 2 Flexural strength variation due to the Drop-out of Epoxy(The case with thicknesses of mortar and board are 10mm and 30mm, respectively)

. . . Heating Internal Average Strength reduction Flexural strength (kN.m)
Fire loading Time temperature State of temperature factor
condition  (min) temp ° rature of Epoxy epoxy of concrete Compression
(0) : . Concrete W/O FRP” NSM-FRP?  EB-FRP?
(C) (0) steel
Before fire 0 17 17 Bonded - 1.00 1.00 34.16 56.84 51.49
5.80 100 17 Bonded - 1.00 1.00 34.16 56.84 51.49
9.20 200 17 Bonded - 1.00 1.00 34.16 56.84 51.49
12.00 300 17 Bonded - 1.00 1.00 34.16 56.84 51.49
14.98 400 19 Bonded - 1.00 1.00 34.16 56.84 51.49
After fire 19.23 500 24 Bonded - 1.00 1.00 34.16 56.84 51.49
27.82 600 43 Bonded 24591 1.00 1.00 34.16 56.84 51.49
59.10 700 125 Drop-out  353.18 0.77 0.99 34.12 34.12 34.12
92.81 800 197 Drop-out  432.27 0.59 0.85 33.72 33.72 33.72
108.73 900 230 Drop-out  487.27 0.49 0.75 33.46 33.46 33.46
118.00 1,000 250 Drop-out 51091 0.46 0.71 33.31 33.31 33.31

" Without FRP retrofit and fire-protection
2 With FRP retrofit and fire-protection
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