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Mix Proportion Design of Epoxy Concrete Based on Close Packing Theory

SHAN Junhong', ZHANG Kai'*, WANG Jiliang’
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2. Research Institute of Highway, Ministry of Transport, Beijing 100088, China)

Abstract; Based on the close packing theory, the MAA model and Fuller maximum density theory were
used to select the optimal gradation of aggregate. The orthogonal test method was used to determine the
optimal mix ratio of epoxy concrete, and the mechanical properties evaluation and microscopic analysis
were carried out. The results show that the close packing porosity of aggregate is significantly reduced
after gradation optimization, and the most closely packed porosity is only 22. 23%. The bone-binder ra-
tio has a significant influence on the splitting tensile strength of epoxy concrete, and cement is suitable
for incorporation into epoxy concrete as a filler. The cube compressive strength of epoxy concrete increa-
ses slightly with the increase of age, and is closely related to the curing degree of epoxy resin. When the
epoxy resin is completely cured, the cube compressive strength basically does not change with the age.
The mechanical properties of epoxy concrete after gradation optimization are improved, the cube com-
pressive strength is increased. Through SEM microscopic test analysis, it is found that the internal
harmful defects of epoxy concrete after gradation optimization are significantly reduced, the system is
dense and uniform, and the internal bonding force becomes stronger.
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Tab. 1 Physical performance index of aggregate

% B RO/ (kg-m™) FAERRE/ (kg-m™) BOMERE/ (kg-m™)  MHESBUR/%  BHESBR/ %
1 b 2 650 1 460 1520 45 43
2 A 2 730 1 480 1560 46 43
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Tab. 2 Sieve residue of aggregate

BB RN TR %
16. 0 mm 10. 0 mm 5.00 mm 2.50 mm .25 mm  0.630 mm  0.315 mm 0. 160 mm
1 0.37 0 19.5 23.2 18.0 14.0 10.6 8.4 6.3
2 0.35 0 18.9 22.9 17.9 14.0 11.0 8.6 6.7
3 0.33 0 18. 4 22.4 17.8 14.2 11.2 9.0 7.0
4 0.31 0 17.8 22.0 17.8 14.3 11.4 9.3 7.4
5 0.29 0 17.3 21.6 17.6 14.4 11.7 9.7 7.7
6 0.27 0 16. 8 21.1 17.5 14.5 12.0 10.0 8.1
7 0.25 0 16.2 20.7 17.4 14.6 12.2 10. 4 8.5
8 0.23 0 15.7 20.2 17.3 14.7 12.4 10. 8 8.9
9 0.21 0 15.2 19.8 17.1 14.8 12.6 11.1 9.4
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Tab. 3 Compact packing porosity

G RN BR/% if‘i E:) gg;
1 0.37 57.3 2 072. 18 22.68
2 0.35 58.2 2 076.20 22.53
3 0.33 59.2 2 081.29 22.34
4 0. 31 60. 2 2 084.24 22.23
5 0.29 61.1 2 080. 22 22.38
6 0.27 62.1 2 077.27 22.49
7 0.25 63.1 2 073.25 22. 64
8 0.23 64. 1 2 069. 23 22.79
9 0.21 65.0 2 066. 01 22.91
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Fig. 1 Relationship between compact packing porosity

and distribution coefficient
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Tab. 4 Dosage of different aggregate sizes
HRPRIAE/mm 0.160~0.315 0.315~0.630 0.630~1.25 1.25~2.50 2.50~5.00 5.00~10.0 10.0~16.0
B/ % 7.4 9.3 11.4 14.3 17.8 22.0 17.8
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Fig. 2 Relationship between slump and bone-binder ratio
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Tab. 5 Visual analysis of orthogonal test results

di A pume G0 b 2%
1 5.3 0.6 K 1 7.07
2 5.3 0.8 fAKAK 2 6.36
3 5.3 1.0 VaE %5 3 6.59
4 5.5 0.6 AXKAEH 3 8.01
5 5.5 0.8 VaE % i1 1 7.89
6 5.5 1.0 KR 2 8. 64
7 5.7 0.6 VaE % i1 2 7.24
8 5.7 0.8 KR 3 8.13
9 5.7 1.0 fAKA#K 1 6. 11
k, 6.673 7.440  7.947 7.023 —
k,  8.180  7.460  6.827 7.413 —
ky  7.160  7.113 7.240  7.577 —
R 1.507  0.347 1.120  0.554 —
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Tab. 6 Variance analysis of orthogonal test results

MR WZFim AmE FIb FIRSE BEE
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Fig. 3 The relationship between cube compressive strength and age
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Fig. 4 SEM results of epoxy concrete before and after gradation optimization
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