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Time-temperature Analysis of High-strength Concrete Exposed
to High Temperatures
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Kwon, Kiseok®, and Kweon, Ohsang™

Abstract

After a building fire, damages suffered by the structure are evaluated to determine whether the building remains suitable for use.
It is vital for fire damage evaluation to be performed quickly and precisely. In addition, it is necessary to thoroughly analyze
concrete degradation, which is influenced by heating time and heating temperature. In this study, high-strength concrete was heated
at 400, 500 and 600 °C for 30, 60, 90, and 120 minutes respectively, to analyze the high-temperature characteristics of high-strength
concrete in relation to heating temperature and heating time. Results indicate that the residual cleavability tensile strength of the
concrete decreased by 6% at 400 ~ 500 C, and 46% at 500 ~ 600 °C. Moreover, microstructure analysis showed that the decomposition
of calcium hydroxide at 600 °C increased rapidly from the 60-minute point.
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Table 1. The List of Changes Taking Place in Concrete During Heating (I. Hager, 2013)

Temperature
range (C) Changes
slow capillary water loss and reduction in cohesive forces as water expands;
20 ~ 200 80-150 C ettringite dehydration; C-S-H gel dehydration;
150-170 C gypsum decomposition (CaSO, * 2H,0); physically bound water loss
300 ~ 400 approx. 350 C break up of some siliceous aggregates (flint); 374 C critical temperature of water
460-540 C portlandite decomposition
400 ~ 300 Ca(OH), » CaO + H,O
500 ~ 600 573 C quartz phase change 3 — a in aggregates and sands
600 ~ 800 second phase of the C-S-H decomposition, formation of [3-C,S
300 ~ 1000 840C dolomite decomposition; 930-960 C calcite decomposition CaCO; > CaO+CO,,
carbon dioxide release; ceramic binding initiation which replaces hydraulic bonds
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Fig. 1. Sample Preparation Method
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Table 2. Concrete Mix Propotion & Compressive Strength

Fig. 2. Scanning Electron Microscope (SEM)
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Fig. 3. X-ray fluorescence spectrometer (XRF)

Unit Volume Weight (kg/m’) Compressive Strength (MPa)
Wic S/a SP

W B C BS FA SF S G 7days 28days

26.9 46.3 167 620 620 - - - 718 839 8.06 57.6 73.7

Table 3. Physical and Chemical Properties of Ordinary Portland Cement (type 1)
Mechanical properties Chemical composition (%)
Density Specific surface area| Ignition loss .
. Sio AlLO Fe,O CaO MgO SO
(g/em’) (/) %) ’ - - s :
3.14 3,419 0.79 22.0 5.27 3.44 63.4 2.13 1.96
I2g Y2 1ZdE FI2|EQ n2EMol #Et AlZE2E2A 24 229
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Fig. 4. Result of Split Tensile Strength Test
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Fig. 6. Scanning Electron Microscope (x1,000)
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(b) 500°C 60min
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Fig. 5. Temperature History of Specimens
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Fig. 7. The Composition Ratio of Non-heating Specimen (%)
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