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Effect of Air-bubble Characteristics on Salt Frost Resistance of Concrete
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Abstract; The salt frost resistance and air void parameters with ordinary Portland concrete
(OPC), air-entrained Portland concrete (APC) and high performance concrete (HPC) subjected
to the action of 3. 5% (in mass fraction) sodium chloride (NaCl) solution were studied by the
accelerated freezing-thawing method. The air-bubble characteristic was examined through
scanning electron microscopy (SEM). The results show that the diameter is less than 30 yum, the
spacing factor is less than 60 pm, and independent distribution of the sealed air-bubble can
significantly improve the salt frost resistance of the OPC with water-binder ratio of 0. 50; for C40
of the HPC, the air-bubble structure is a major factor for salt frost resistance; adding air
entraining agent to obtain excellent air-bubble structure is the effective means for improving salt
frost resistance of concrete. Adding silica fume, water-binder ratio is less than 0. 31 for HPC,
air-bubble structure characteristic is not a major factor for salt frost resistance, this concrete has
higher salt frost resistance, even without adding air-entraining agents.
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bubble characteristic; freezing-thawing cycle; relative dynamic elastic modulus
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Tab.1 Physical and Mechanical Properties of P, II 52. 5 Portland Cement
4 EE 80 pm R mAR/ HESE I 8] /min o A SAHPrimeE/ | 8 dHrrimEE/ | 3 dHUEMREL/ |28 d HUEIREE/
A/ (m? » kg™") o 5k A KR/ % MPa MPa MPa MPa
0.3 341 103 159 26.00 6.4 9.2 35.4 65.2
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Tab.2 Chemical Compositions of Main Cementitious Materials %
Jig EE A1 R w(Si0z) | w(AlOs) | w(CaO) w(MgO) w(S03) | w(Fe:03) | w(Naz ) | w(K;0) w(l. L) Wy
K 20. 60 5.03 65. 06 0.55 2.24 4.38 1. 30 0. 84
& A0 i 33.48 12.21 36.35 10. 59 0.66 1. 40 0. 34 2.17 1.27 1.53
IR K 52.37 32.13 2.16 0. 47 0.33 4.13 0.25 0. 61 1. 30 6.25
T A 93.10 0.61 0.52 0.22 5.565
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Tab.3 Mixing Ratios and Basic Properties of Concrete
. FARTE/ (kg « m™?) WK S | BR[| 28 dBUIE | 90 d UK
RHT — R

KUE | BT | B | TR b f K SR | B/ 1070 mm |5 /MPa| # 5 /MPa
C30 340 734 1207 169 0.50 10 42.3 54.4
A30 340 734 1207 169 0.8 0.50 20 32.4 41. 6
A40SG50 240 240 681 1117 159 0.5 0.8 0.33 185 44.8 57.6
A40SG30 336 144 693 1148 178 0.5 0.5 0.37 205 42.4 54.5
A40FA40 288 192 677 1117 178 0.5 0.5 0. 37 190 46. 8 60. 2
AT70SF10 477 53 683 1133 163 2.0 0.5 0.31 170 77.3 99. 4
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Tab.4 Statistical Analysis Results for Observation Data of

Air-bubble Characteristics in Concrete

WIS | SR/ % | T ER/ pm | HF YA B/ am
C30 2.1 175 921
A30 7.8 33 57
A40SG50 5.1 28 373
A40SG30 4.8 58 221
A40FA40 4.7 79 434
AT0SF10 3.6 39 415
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Fig.2 SEM Photographs of A30 Concrete
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Fig.3 Relative Dynamic Elastic Moduli and
Mass Losses of OPC
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Fig. 4 Distributions of Air-bubble Characteristics of
A30 Concrete
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Fig. 5 Relative Dynamic Elastic Moduli and
Mass Losses of HPC
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