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Abstract; This paper utilizes the industrial computerized
tomography to visualize and to calculate the microstructure
change of concrete during cyclic freeze-thaw test. The results
indicate that entraining air is the sufficient way for improving
the frost resistance of concrete, and the suggested air content
is 5% ~7% . Also, the air void space directly affects the frost
resistance of concrete, and concrete can well resist frost
damage when the air void space is shorter than 238 um. The
air-entrained concrete has significant amount of fine air voids
with shortened air void space, and the fine air voids can
release the ice forming pressure during freezing, thus
protecting the concrete from frost damage. The ice forming

pressure can barely release for non-air entrained concrete,
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and micro-cracks forms when the ice forming pressure
exceeded the allowable stress of concrete, and finally results

in material loss or frost damage.

Key words: frost resistance of concrete; industrial

computerized tomography; microstructure; salt scaling
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Tab.1 Property index of sand

RUNFE i OB
/(kg e m™*) BB AR/ mm 5.0 2.5 1.25 0.63 0. 351 0.16 K&
2 632 2.75 g/ % 1.8 7.1 19.9 25.3 34.2 10. 9 0.8
£2 HEERIEEEIEIR
Tab.2 Property index of coarse aggregate
HRRT R b ok R ORI sk
/mm /(kg+m™3) /(kgem?) /% FFLR F/mm 40 20 10 5 ’
10~20 2 498 1312 0.79 fiid/ % 0 66. 8 33,0 0.1 0.1
5~10 2 688 1403 1.14 s/ % 0 0 51.5 46 2.5
AR T 4 FARELE LIRS+, gk 3 154
B, $i BB VR B - PSPk Re iR gy AR ) 10
(GB/T50080— 2002)™ 5 $E4% # MR 40 cm X 40 o z
]
cmX 160 cm B34, 24 h J5IFEL, AR HER T %( s
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%3 BETWEAL 2L .
Tab.3 Mix proportion of concrete samples 0 ! 2 . ﬂ% h 4 5 6
e K/ (kg K/(kg B/ (kg WA/ (kg BOKF BIKH
Toem) em ) em 3 em®) /% /% 1 FEhfETFER
A 340 142.8 643 1256 1 0 Fig.1 Freeze-thaw cycle sequence
B 340 142, 8 597 1237 0.5 0.01
C 340 142. 8 590 1222 0.4 0.02
D 340 142. 8 583 1220 0.3 0.03 M = m, (1)
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Relationship between material loss and freeze-

Fig.2

thaw cycles
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Tab.4 Material loss of samples after cyclic freeze-thaw

test in salt solution

R A

HER/ (kg e m™2)

H5 /% 5% 10k 153 200k 25K
A L1 0.21 0,43 0.70 1,05 1.38
B 3.6 0.09 0.16 0.26 0,48 0.81
C 6.4 0.08 0,12 0.16 0.28 0.52
D 9.3 0.06 0,11 0.16 0.24 0.50

y=0.02x2-0.31x+1.69
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Fig.3 Relationship between material loss and

air content
WA T AR DO 0 S i

x5 SSENEMM CTNEHFLERZEITLL
Tab.5 Comparison of measured air voids using air

content meter and CT method

N FLERER/ %

MR A 5 C O
HEREMEY 1. 10 3. 60 6. 40 9. 30

Tk CT 1. 24 3.72 6. 59 9, 87
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Fig.4 CT images of concrete samples with different air entrain admixture dosage
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Tab.6 Air void distributions in concrete samples
IR El/ % -
W5 62~ 134~ 229~ 288~ 492~ &t )
<62 pm 134 pm 229 pm 288 pm 492 pm 620 um  ~ 020 pm &/ pm

A 60. 49 30. 50 6. 04 1.12 1.23 0.17 0. 45 1787 260

B 69. 40 29,14 1.01 0.18 0.22 0.03 0.03 18 066 142

C 72.02 26, 81 0.81 0,14 0.16 0. 02 0.03 31 270 125

D 68. 20 30. 35 0. 99 0.24 0.16 0.02 0.03 35 979 128
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Fig.5 Relationships between air voids and average air

void size versus air content
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Fig.6 Regression relationship between material loss and

air void space coefficient
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Tab.7 Air voids change after cyclic freeze-thaw test in
salt solution

R REGATFL RE AL AL
5 B/ % /% /%
AGES=D 1.01 1.37 35.6
CEIR) 4. 96 5.59 12.7
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Tab.8 Air void spacing change after cyclic freeze-thaw
test in salt solution

o BRI A BE R
BAEA S A/ pm 15 8/
AGERIRD 468 605
CEHIRD 179 193
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Fig.7 Air void distribution change after samples experienced freeze-thaw cyclce in salt solution
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Fig.8 3-D images of samples before and after freeze-thaw cycles
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