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Prediction of Frost Resistance Life of Recycled
Concrete Based on Grey Theory

YANG Lu, ZHOU Zhiyun, ZHANG Dingbo, WANG Lidan
(School of Environment and Architecture, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: By using grey theory, the prediction model of dynamic elastic modulus GM(1,1) of recycled
concrete under freeze-thaw cycles was established. Based on the existing experimental data and
GM(1,1) prediction model, the dynamic elastic modulus of recycled concrete under other freezing-
thawing cycles was predicted. Then, according to life adjustment formula proposed by Vesikari[l], the
frost-resistant life of recycled concrete under real natural conditions was predicted. Through calculation
and analysis, the results show that the variance ratio of GM(1,1) of the frost resistance model is less than
0.35, and the probability of small error is more than 0.95. With high accuracy, it can be used to predict
and analyze the dynamic modulus of elasticity of the frost resistance of recycled concrete. When the
content of recycled aggregate is 60%, the frost resistance of recycled concrete reaches the best. For
Yichang area, its anti-freezing service life can reach up to 183 years.
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Tab.1 Accuracy grade of grey theoretical system model

Wi INRZEMER i)
C<0.35 p=0.95 1 9(%7)
0.35<C<0.5 0.8<p<0.95 2 (515
0.5<C<0.65 0.7<p<0.8 3 G (o)
C>0.65 p<0.7 4 HORE)
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Tab.2 Level table of factors in orthogonal test

KT FERLER A% WK BY% 5 C% %fffgfn%’f)”/
1 0 0 0 0
2 50 20 5 0.6
3 100 30 10 0.9
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Tab.3 Mix proportion of concrete ke/m’

ik RINHL AR PR AR K BEIK T RN 4 Wy K kG
S1(A1BICID1) 1150 0 416.0 0 0 0 647 187 3.12
S2(A1B2C2D2) 1150 0 312.0 83.2 20.8 0.6 647 187 3.12
S3(A1B3C3D3) 1150 0 249.6 124.8 41.6 0.9 647 187 3.12
S4(A2B1C2D3) 575 575 395.2 0 20.8 0.9 647 187 3.12
S5(A2B2C3D1) 575 575 291.2 83.2 41.6 0 647 187 3.12
S6(A2B3C1D2) 575 575 291.2 124.8 0 0.6 647 187 3.12
S7(A3B1C3D2) 0 1150 374.4 0 41.6 0.6 647 187 3.12
S8(A3B2C1D3) 0 1150 332.8 83.2 0 0.9 647 187 3.12
S9(A3B3C2D1) 0 1150 270.4 124.8 20.8 0 647 187 3.12

F4 FARARBERASEESREL ORISR 22 TR GM(1,1) BRI

Tab.4 Dynamic elastic modulus of recycled concrete

after different freeze-thaw cycles GPa
GRRAME L
0 25 50 75 100 125
48.77 45.48 42.55 25.99 21.19 17.80
44.11 35.26 26.29 23.56 22.26 17.13
43.88 40.84 40.01 31.06 21.02 16.34
41.80 41.49 35.46 23.13 17.46 15.94
39.05 27.80 25.92 20.78 17.32 15.51
41.35 38.43 27.28 21.00 18.20 16.47
40.31 32.41 21.48 17.87 16.34 13.37
37.88 23.39 17.73 16.49 16.46 14.59
37.26 18.62 16.81 16.79 16.22 12.15
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B=| -14980 1 |, Y=| 2599
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-192.88 1 17.80
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0.240 5, b=65.008 7,
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Tab.5 Parameters a and b of grey prediction model

% a b
S1 0.240 5 65.008 7
S2 0.2132 47.674 1
S3 0.126 3 50.3217
S4 0.2652 50.3217
S5 0.1380 35.688 1
S6 0.307 8 56.762 7
S7 03173 49.633 0
S8 0.186 5 32.067 5
S9 0.053 5 20.832 6
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Tab.6 Model accuracy assessment

e e FEL NV THAFL
St 0.05 1 19 (5f)
S2 0.04 1 1% (f)
S3 0.17 1 190 (5f)
S4 0.02 1 190 (4f)
S5 0.01 1 14 (%F)
S6 0.05 1 1 9(%7)
S7 0.05 1 1 9(%F)
S8 0.05 1 19 (4F)
S9 0.02 1 1 9(%7)
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Tab.7 Annual average number of freeze-thaw cycles in typical
areas of China

WX Wi e ALY e S /7 G R S S FE A
i/ C h2E/C KAEu/d b8
k473 -27.4 53.2 120 84
KA -36.5 66.5 172 120
[N —26.6 52.1 169 118
HE 9.8 41.8 18 18
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Tab.8 Relative dynamic modulus of elasticity after freeze-thaw cycles

VRGO
B
0 25 50 75 100 125 150 175 200 225 250 275 300
0% it 1 0.91 0.96 0.94 0.91 0.88 0.83 0.80 0.72 0.68 0.61 0.56 -
20% $Bit 1 0.95 0.96 0.92 0.87 0.83 0.81 0.78 0.66 0.62 0.55 - -
40% 151 1 0.96 0.93 0.89 0.85 0.81 0.77 0.72 0.60 - - - -
60% B & 1 0.96 0.93 0.89 0.86 0.83 0.80 0.79 0.75 0.70 0.65 0.61 0.57
80% Bt 1 0.89 0.87 0.68 0.65 0.61 0.57 - - - - - -
100% 54t 1 0.87 0.84 0.65 0.61 0.53 - - - - - - -
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Tab.9 Life prediction of recycled concrete in typical areas a
i B | = K& (iR HE
0% B & 36 25 26 167
20% Bt 32 23 23 150
40% B 29 20 20 133
60% B 39 28 28 183
80% Bt 18 13 13 83
100% &8 14 10 10 67
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Fig.1 Relationship between service time and relative dynamic
modulus of elasticity (Yichang area)
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Fig.2 Effect of recycled aggregate content on service life of
concrete (Yichang area)
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