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Fig. 2. Modeling process a) Meso-scale concrete sample b) Macro-scale numerical model ¢) Topology optimization

results in several steps d) Cumulative topology optimization results e) Meso-scale modeling with topology optimiza-
tion ¢) Crack growth at Meso-scale
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Fig. 3. Random distribution of aggregates in the mortar matrix
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Fig. 5. Mesh Fragmentation Technique and contact elements between con-
crete components
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Fig. 10. Dimensions of concrete beams under three-point bending [48]
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Table 1. Mechanical properties of different components of concrete beams
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Fig. 12. a) Discretization dimensions in optimization analysis of 2 mm element lengths b) Topology optimi-
zation analysis in several specific steps according to crack growth (crack lengths, 0, 16, 32, 48, and 64) c¢)
Total results of optimization analysis Topology based on the stress superposition principle
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Fig. 13. Numerical model and discretization method a) Model (1) DM b) Model (2) AM
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Fig. 14. Cracking propagation in numerical model a) DM model b) AM model (30x magnification)
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Table 2. Comparison of analysis time and number of equations in each model
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Fig. 16. Dimensions of concrete beams under four-point bending
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Table 3. Mechanical properties of different components of concrete beams
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Fig. 17. aggregate size distribution curve used in the construction of beam concrete under 4-point bending
and comparison with Fuller curve
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Fig. 18. a) Discretization dimensions in optimization analysis of 2 mm element lengths b) Topology optimi-
zation analysis in several specific steps according to crack growth (crack lengths, 10.23, 18.41, 26.57, 42.72,
and 54.33) c¢) Total results of optimization analysis Topology based on the stress superposition principle
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Fig. 19. Numerical model and discretization method a) Model (1) DM b) Model (2) AM
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Table 4. Comparison of analysis time and number of equations in each model
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