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Fig. 1.2. D simulation of aggregates to truss [2].
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Fig. 1.3. Optimal grain aggregation curve of aggregates [6].
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Fig. 4.4. effect of meshing of stress-strain results.
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specimen tensile relative
Strength = ductility
Unstructured mesh with ITZ 31.07 100
Volume of aggregate 65% 31.31 95.62
Volume of aggregate 70% 31.46 105.81
Volume of aggregate 75% 31.67 106.99
Volume of aggregate 80% 31.68 104.19
Shape coefticient 1 31.68 107.89
Shape coefficient 3 31.36 102.75
Shape coefficient 4 30.83 102.91
1 mm structured mesh 30.27 92.25
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Fig. 4.6. Location of tensile rupture in specimens: Top without
considering ITZ, bottom right containing ITZ with non-structural
quadrilateral mesh and bottom left containing ITZ with structural cube
mesh.
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Fig. 4.7. effect of ITZ consideration on stress-strain results.
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1 mm structured mesh with ITZ 1000 1.6

Table 6.3. Number of clements and spent time to analyze
samples
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2.5 mm structured mesh 33.88 114.81
1 mm structured mesh with ITZ 29.03 92 .34
Table 5.3. Compression analysis results
S s s Y0 Uy
specimen tensile relative

Strength = ductility
Unstructured mesh with ITZ 3.14 100
Volume of aggregate 65% 3.64 81.24
Volume of aggregate 70% 3.63 71.82
Volume of aggregate 75% 3.64 83.55
Volume of aggregate 80% 3.63 70.01
Shape coefficient 1 3.65 83.77
Shape coefficient 3 3.64 74.49
Shape coefficient 4 3.64 73.36
1 mm structured mesh 3.63 60.65
2.5 mm structured mesh 3.48 89.75
1 mm structured mesh with 3.15 90.96
ITZ

Table 5.2. Tensile analysis results
B oo (Gluwbro 43 3 dulio

S b st b e sl Wi Ll s
s & s i oLl slas Ol s a5 305 Lo
Coge a Jodos Oley LaOldl Ol sl sl 3 A,
LIRS sl la o g5 0 Vb sl
a0 planil UK 1 il (el 035155 CPU

e e o (gl glaoladl slass 5 el oo Ola ¥ J g

specimen No of = Run time
1000 (hours)
elems
Unstructured mesh with ITZ 2498 21
Volume of aggregate 65% 2095 16.2
Volume of aggregate 70% 2124 17.8
Volume of aggregate 75% 2120 16.4
Volume of aggregate 80% 2221 17.2
Shape coefficient 1 1345 7.9
Shape coefficient 3 2733 26.3
Shape coefficient 4 4651 58.1
2.5 mm structured mesh 64 0.1
1 mm structured mesh 1000 1.6
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Abstract

Numerical models are cost-effective solutions compared to field and laboratory tests that have the ability to
predict the behavior of materials with acceptable accuracy if the exact properties of the material are taken into
account. Another advantage of numerical models on the meso-scale is the ability to provide the interaction
behavior of different components of inhomogeneous materials such as concrete, which is highly effective in
predicting the behavior of concrete against dynamic loads. In order to model concrete at the meso-scale, a
platform was created to create concrete samples considering aggregates, mortars, and fibers. The platform
created in this research can produce elliptical aggregates according to the desired granulation curve in a
completely random manner. By controlling the non-interference of aggregates next to each other stochastically
placed within the mold boundaries and after determining the sample geometry and grid, The constructed model
is converted into input text of numerical analysis programs. Compression and tensile loading are performed
on it. Using numerical models, the effect of changes in these parameters was investigated: the volume ratio of
aggregates in the sample, the allowable elongation of elliptical aggregates, whether or not to consider the ITZ
element, and the use of fibers. In the performed analyzes, the maximum compressive strength and ductility of
concrete and, in some cases, the crack propagation path have been investigated. Results show that considering
both the maximum strength and the area under the stress-strain diagram; it can be concluded that among the
percentages of aggregate volume ratios to the sample equal to 65, 70, 75, and 80%, the volume ratio of 75%
to the optimal ratio to achieve the best compressive performance Concrete is closer.

Comparison of the shape of the elliptical aggregates in the modeling showed that the closer the aggregate form
is to the sphere, the maximum resistance increases, but the strength of the concrete decreases with a steeper
slope after the peak.although the analysis of concrete samples at the meso-scale requires much higher
computational costs than the macro analysis, this analysis can provide diagrams of tensile and compressive
strength of concrete more accurately and also to test new samples with changes in the main parameters
acceptable estimation of behavior. Provide concrete without the need to build a physical sample. Studies have
shown that unstructured tetrahedron meshing provides graphs closer to empirical results. In analyses with
unstructured mesh, mesh size has minimal effect on the results; In the case of models with a structured cubic
mesh, the mesh size severely overshadows the analysis results. Suppose the appropriate size for uniform
meshing is calibrated using the results of non-structured mesh samples. In that case, results close to the meshes
of non-structured samples can be obtained with much less computational time and cost. Although considering
the ITZ helps the stress-strain curve at the front of the peak to be closer to the laboratory graphs and also to
predict the location of the crack more accurately than without modeling without ITZ, it causes a decrease in
resistance at the rear of the peak and is predicted. This can be partially controlled by calibrating the ITZ
resistance reduction value.

Keywords: Meso-scale, numerical modeling of concrete, uniaxial compression specimen
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