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Abstract: By means of the self-defined artificial neural network (ANN) and its excellent function fitting func-
tion, aimed at aggregate-mortar matrix 2-phase concrete, the analytical solutions of the highly nonlinear cou-
pling differential equation of the differential method in the indirect homogenization theory were given, the func-
tional relations between the volume modulus and the shear modulus of concrete and the volume fractions of ag-
gregate were obtained respectively, and the results were compared with those of numerical simulation. The re-
sults show that, the method based on the ANN is fast and has higher precision. In addition, the method of de-
constructing ANN provides the formula of calculating the elastic modulus of aggregate-mortar matrix-pore 3-
phase concrete directly from aggregate volume fractions and initial porosities under constant meso-mechanical

parameters. For concrete samples with different aggregate volume fractions and initial porosities, the formula
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has higher calculation accuracy, and avoids the complex analysis and many assumptions of the traditional hom-

ogenization method. The work provides a new idea of homogenization method for composite materials.

Key words: artificial neural network; concrete; homogenization; differential equation; elasticity modulus
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Table 1  Mechanical parameters of the 2 meso-components
E /GPa v f. /MPa v/(°) n/% 010/ T
aggregate 43 0.23 - - - -
mortar 25 0.2 35 38 0.1 1.16

KT H 1.4 N ORI 7 B A E S SRR AT SR BEE 21 20 -0 AR 2R A s R R 25 R
L3k 2.
F2 R A R A O B I

Table 2 The elastic modulus of each concrete sample in the dataset

number 1 2 3 4 5 6 7
E /GPa 28.80 28.89 29.10 29.21 29.31 29.51 29.64
number 8 9 10 11 12 13 14
E /GPa 29.74 29.95 30.06 30.36 30.47 30.68 30.81
number 15 16 17 18 19 20 21
E /GPa 30.93 31.15 31.26 31.41 31.59 31.73 31.85

1.2 sk
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Fig. 1 The PYTHON drawing model and the finite element model
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Fig. 2 Some concrete meso-model samples with different aggregate volume fractions
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Fig. 3 The concrete meso-model stress-strain curves with different aggregate volume fractions and validity verification
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Table 3 Hardware and software parameters of the experimental environment
part parameter
central processing unit Inter Core i7-11800H CPU @ 2.3 GHz
memory DDR4 memory 8 GB
graphics card NIVIDA GeForce RTX3060
system Windows 10
environment PYTHON 3.9.7 Tensorfolw 2.8.0 Keras 2.0.6 Numpy 1.22.2
0.12 0.03
’ (a) the loss curve of BP-1 (b) the loss curve of BP-2
0.02 |
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7 7
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ok
1 1 1 1 1 1 1 1 1 1 1 il
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epoch /
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Fig. 6 The loss curves of the training process
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Fig. 7 The ANN calculation results and the comparison with other methods
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Fig. 8 Damages and elastic moduli under different random distributions of aggregates
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