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ABSTRACT

The thermal degradation of concrete results mainly from two mechanisms. The first one is related
to phase transformations of constituents at different temperatures. The initial constituents transform to
other phases due to elevated temperature. The second mechanism is related to the temperature sensi-
tivity of the mechanical properties of the constituents in concrete. Therefore, the degradation of con-
crete under high temperatures must be studied from both mechanical and chemical points of view.
This study was performed as a basic study to propose the material models of concrete exposed to
high temperatures considering above two mechanisms. This study presents a prediction model on the
porosity of hardened cement paste considering phase changes according to temperature increase.

Keywords : Porosity, Phase change, Hardened cement paste, High temperature
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Table 1. Diffusion Constant and Coefficients

Diffusion model
Clinkers w/c ; ;
D; (cm%h) t (h) o
0.3 042 x 107"
CsS 0.5 2.64 x 10710
0.7 15.6x 107"
03
C,S 0.5 6.64 x 107"
0.7 20
or 0.6
0.3 30
CGA 0.5 2.64 x 10710
0.7
03 0.42 x 1071
C;AF 0.5 2.64x 107"
0.7 15.6 x 107"
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Table 3. Volume Fractions of Constituents

Volume Fractions % (w/c=10.4) % (w/c=0.5)
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Table 4. Theoretical Formulas for Volume Fraction Change
of Each Phase (w/c =0.5)

Temperature Formulas (%)

fo, 41, — 5.68481032 x 10°2T + 45 478483

120°C~800°C | fe,5,=4.21298957 x 10T — 5.055587

£ = 1.47182075 x 10T — 1.766185

fo=— 120860216 x 10~'T + 64.055915

400°C~53°C feao = 5.50077309 x 107°T — 22.003092
V= 6.58524854 % 102T — 26.340994
(L]
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g
|
-
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2
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n 150 %0 din 540 670 Ll
Tempernture (°C)

Figure 1. Change of phase composition with increasing
temperature (w/c =0.5).
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Table 5. Mass Fractions of Clinker Phases

Others
0.035

Clinker Mcs | Mes | Mca

0.632 | 0.154 | 0.099

Mc,AF

0.080
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Table 6. Porosity and Pore Size Distribution [w/c = 0.4, (Piasta et al”)]

Temperature °C
Property
20 100 200 300 400 500 600 700 800
Total porosity (cm?/g) 0.101 | 0.116 | 0.115 | 0.122 | 0.135 | 0.147 | 0.211 | 0.245 | 0.223
Mercury porosity (cm®/g) 0.083 | 0.098 | 0.089 | 0.105 | 0.109 | 0.107 | 0.153 | 0.189 | 0.159
Percentage of pores in radius intervalsl:
5~10 (nm) 10 6.7 4 5.1 4.6 3.6 24 4.1 1.6
10~15 6.4 6.7 54 6.5 5.4 3.8 3.7 3.7 33
15~25 10.4 113 11.7 9.9 13.4 10.3 10.6 7.8 7
25~50 17.7 | 25.1 [24216| 213 | 204 | 204 17.6 16.1
50~75 10.2 195 | 202 12.5 14.1 17.5 15.4 12.7 12.9
75~100 5 66 |7753| 58 7.4 6.4 59 7
100~150 7.2 6.6 7.9 6.3 7.5 8.2 8 6.5 7.7
150~250 18.9 12.9 12.5 144 153 144 12.5 104 11.7
250~500 11.2 3.8 5.8 20.1 10.3 11 16.7 | 26.1 213
500~1000 2 0.2 1.8 23 1.6 22 29 43 10.5
1000~7500 0.8 0.7 0.9 1.1 0.7 1.2 1.1 1 0.9
] S slAJolE 3}3) O A o] &
] B woie=id [Plastn et al. (198:4)] E@ = i} ° O] L_:,:}‘ ‘Jz_g-% ‘:_EM‘] Z—‘j/] = ] _C0ﬂ
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Figure 2. Comparison between current model and test data
by Piasta et al®.
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