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Effect of Air Void Structure on Strength and
Interfacial Transition Zone of Concrete

GAOQ Hui, ZHANG Xiong, ZHANG Yongjuan

(Key Laboratory of Advanced Civil Engineering Materials of the
Ministry of Education, Tongji University, Shanghai 201804, China)

Abstract: In order to facilitate the
application of air entraining agents (AEA) in the high

development and

performance concrete, entrained air void structure parameters
of 28 d concrete were measured by image analysis method.
The relationship between the air void size distribution and
strength of concrete was studied with the method of grey
connection analysis. In addition, the effect of air voids on the
paste-aggregate interfacial transition zone (ITZ) was analyzed
by Microhardness. The results show that the correlation
between different pore size range and the compressive
strength is negative. The effect of air void size distribution on
28 days compressive strength is different. under the condition

of similar total porosity, with the increase of the porosity of

the air void size, ranging from 10 ym to 200 ym, and the
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decrease of the porosity, ranging from 200 ym to 1 600 ,m,
the average air void diameter and mean free spacing are
decreased; as well as the width of ITZ. On the contrary, the
microhardness of the ITZ is increased while the compressive
strength loss is decreased.

Key words: concrete; air void structure; compressive

strength; interfacial transition zone; grey connection
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Tab.1 Properties of air-entraining agent
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Fig.1 Analysis map of air void structures of concretes
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Tab.2 Properties and air void structure
parameters of 28 d concrete

o i’ﬁ?ﬂlﬁﬂi‘ ISR diEm BRI :?ﬁJ?L - ¥y0E] #E

B/min BE/% E/MPa /% £/pm ZF¥/pm
O 3 0 42.0 1.05 91. 41 306. 14
Al 3 0.005 40.7 1. 81 95. 43 221.51
A2 3 0.010 38.0 2. 62 101. 39 208. 49
A3 3 0.015 32.9 3.31 103. 04 192. 59
A4 1 0.020 35.1 3.16 98. 09 187. 39
A5 1 0.025 33.4 4.12 86. 84 171. 62
A6 1 0.030 31.4 4. 86 99. 81 178.12
A7 3 0.050 27.5 8. 21 96. 74 128. 25
B1 3 0.005 39.7 2.51 97.48 202.91
B2 3 0,010 30.3 4.62 110, 85 184. 47
Cl1 1 0.002 38.8 1. 95 120. 59 240, 58
C2 1 0,003 37.5 2.11 121. 62 228.19
C3 1 0.004 36.4 2.29 129. 18 224, 87
4 1 0,005 32.1 3.54 128. 68 196. 79
D1 3 0.002 28.0 5.78 119. 87 166. 18
D2 3 0,003 27.8 6. 07 112.72 165. 13
D3 3 0.004 24,2 8.28 113. 99 141, 41
El 3 0,004 37.8 2. 60 115.51 214,57
E2 3 0,010 29.8 5. 87 118, 00 162. 83
F1 1 0,002 37.2 1. 66 126. 97 245, 41
F2 1 0.004 34.4 2. 47 132. 85 239. 06
F3 3 0.010 27.6 6. 74 125. 68 151. 29
Gl 3 0.002 27.5 6. 81 119.05 143. 84
G2 3 0.004 26.1 7.09 116. 17 142,16
G3 3 0,006 25.0 8.29 112, 50 132, 41
H1 3 0.020 24.2 6. 70 138. 93 159. 00
H2 3 0.030 26.2 7.18 121. 56 147.53
H3 3 0.040 23.7 7.33 125. 97 153. 88
1 3 0.005 29.5 5.35 114.77 169. 51
12 3 0.010 24.0 8. 34 109. 06 135. 30
13 3 0,015 21.9 8. 68 123. 83 138. 11
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Fig.2 Relationship between total porosity and
compressive strength of concrete
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Tab.3 Graded porosity of different air void size
range of 28 d concrete
SrRFLBRER/ Y

B >10~ >100~ >200~ >500~ >>800~ >>1 200~
100 ym 200 p.m 500 ym 800 p.m 1 200 ym 1 600 p.m

O 0.10 0.11 0.18 0.24 0. 20 0.21

Al 0. 36 0. 45 0.41 0. 30 0.15 0.14
A2 0. 38 0.61 0.73 0. 35 0. 35 0. 20
A3 0.37 0.79 1. 04 0. 55 0. 36 0. 20
A4 0. 62 0. 97 0. 90 0.33 0.23 0.10
A5 0. 61 1. 39 1.31 0. 43 0. 25 0.13
A6 0.72 1.75 1. 67 0.42 0. 16 0.15
A7 1.06 2.56 2.74 1.07 0. 50 0.28
Bl 0. 44 0. 64 0. 57 0.41 0.21 0.24
B2 0. 46 0.94 1. 44 0. 89 0. 56 0.32
Cl 0. 28 0.34 0.50 0. 36 0. 25 0.24
C2 0.31 0. 39 0.55 0.37 0.31 0.17
C3 0.32 0. 40 0.62 0. 45 0.23 0. 26
C4 0. 55 0.90 111 0.57 0.29 0.12
D1 0.50 1.55 1.87 0. 89 0. 65 0.32
D2 0. 56 1.76 1. 89 0.93 0.55 0. 39
D3 0. 81 2,22 2.82 121 0.75 0. 46
El 0. 28 0.62 0.75 0. 43 0. 28 0.23
E2 0.31 1.51 2.36 0. 96 0. 49 0.24
F1 0. 20 0.29 0. 50 0.32 0.18 0.17
F2 0.21 0.23 0. 84 0. 45 0. 44 0.29
F3 0.57 1. 60 2.81 1.05 0.53 0.19
Gl 0. 48 2.00 2.71 0.93 0. 47 0.22
G2 0.63 1.85 2.51 1.09 0.55 0. 45
G3 0.90 2,38 2. 96 1.15 0. 59 0.31
H1 0. 23 1.55 2. 86 1.07 0. 59 0. 40
H2 0.52 2.07 2. 44 1.02 0.63 0.49
H3 0. 55 1.87 2.70 1.14 0. 68 0. 39
In 0. 49 1.31 1.79 0.82 0.52 0.41
12 0.92 2.41 2. 94 1.09 0. 57 0.41
I3 0. 82 2.36 3.07 1. 26 0.70 0. 47
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Fig.3 Analysis map of air void structures of concretes
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Fig.6 The microhardness of ITZ of Bl and F2
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