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Fire Test of Fiber Cocktail Reinforced High Strength Concrete Columns
without Loading

Kwang-Soo Youm,"* Hun-Kyu Jeon,” and Heung-Youl Kim”

YResearch Development Team, GS E&C Research Institute, GS E&C, Youngin 449-831, Korea
“Fire & Engineering Services Research Center, Korea Institute of Construction Technology, Goyang 445-861, Korea

ABSTRACT To prevent the explosive spalling of the high strength concrete and control the rise of temperature in the steel rebar
during fire, a fiber cocktail method has been proposed simultaneously with the use of polypropylene and steel fiber. After applying
the fiber cocktail (polypropylene and steel fibers) into the mixture of high strength concrete with a compressive strength of between
40 and 100 MPa and evaluating the thermal properties at elevated temperatures, the fire test was carried out on structural members
in order to evaluate the fire resistance performance. Two column specimens were exposed to the fire without loading for 180 min-
utes based on the standard curve of ISO-834. No explosive spalling has been observed and the original color of specimen surface
was changed to light pinkish grey. The inner temperature of concrete dropped rapidly starting from 60mm deep. After 60 minutes
of exposure to the fire, the temperature gradient of fiber cocktail reinforced high strength concrete was measured as 2.2°C/mm,
which is approximately 5 times less than that of normal concrete. The final temperatures of steel rebar after 180 minutes of fire
test resulted in 488.0°C for corner rebar, 350.9°C for center rebar, and 419.5°C for total mean of steel rebar. The difference of mean
temperature between corner and center rebar was 137.1°C The tendency of temperature rise in concrete and steel rebar changed
between 100°C and 150°C The cause of decrease in temperature rise was due to the water vaporization in concrete, the lower tem-
perature gradient of the concrete with steel and polypropylene fiber cocktails, the moisture movement toward steel rebars and the

moisture clogging.

Keywords : fiber cocktail method, fire test without loading, temperature gradient, explosive spalling
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Table 1 Properties of fibers

Items Polypropylene fiber| Steel fiber
Density (g/cm’) 0.91 7.8
Diameter 2.0~3.0 pm 0.5 mm
Length (mm) 20 30
Tensile strength (MPa) 640 800
Elastic modulus (GPa) 3.5 200

Table 2 Mix proportions of HPC with fibers (kg/m®)
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Fig. 1 Elevation of RC columns (mm)
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Fig. 2 Cross-section of RC columns

S ZRE 30 mm(Cl), 50 mm(C2), 60 mm(C3)
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Fig. 3 Position of thermocouples to measure concrete
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Fig. 4 Position of thermocouples to measure steel rebar
temperature
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Fig. 5 Details of thermocouples installation for steel rebar
(mm)
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Fig. 7 Appearance of specimen after fire test
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Fig. 8 Concrete temperature distribution
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Table 3 Inner average temperate of concrete (°C)

Position e 60 120 180
Surface 946.4 1,049.4 1,108.9

Cl (30 mm) 200.8 361.9 484.9
C2 (50 mm) 156.2 300.8 4213
C3 (60 mm) 118.6 2252 340.8
C4 (175 mm) 50.9 115.1 163.4

Table 4 Temperate gradient* (°C/mm)

Time (min) | Temperature gradient| Normal concrete
60 22 11.5%*
120 3.1 -
180 3.2 -

* temperature gradient between 30 mm and 50 mm
**temperature gradient between 16 mm and 42 mm
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10 Steel rebar temperature distribution of column-1
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Table 5 Temperature of steel rebar (°C)

Speci- Corner Center Section average

men | 60 | 120 | 180 | 60 | 120 | 180 | 60 | 120 | 180

1 |131.7\315.3480.1{115.7|217.0|335.2|123.7|266.1|407.6

2 [142.4|331.1|1495.9(129.6|245.0{366.7|135.9(288.1|431.3

Total
mean

137.1|323.2|488.0{122.6(231.0|350.9|129.8|277.1|419.5
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