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Abstract: In this paper, the flexural strength of plain concrete beams subjected to three-point bending was numerically
studied using the finite element program DIANA. Instead of using a discrete crack model, a smeared crack model is
adopted in the numerical simulation. A non-linear tension softening curve was used to model the gradually diminishing
tensile strength of concrete upon further crack opening. The factors influencing the flexural strength of plain concrete
beams considered in this paper are the concrete strength grade and the beam depth. These two factors can be combined
into one material parameter and the brittleness index. A relationship between the ratio of flexural strength to the tensile
strength and the brittleness index was proposed based on the numerical results.
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Figure 1. Beam dimensions
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Figure 2. Beam mesh
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Figure 3. Non-linear tension softening model
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Figure 4. Load/mid-point deflexion curve
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Table 1. FEM results
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Wy A

A=1f/f

D/mm f., IMpa f /Mpa E /Mpa G, /N/m I, =EG,/f? /mm B=D/I, f, /Mpa o/
20 1.58 27.0 48.7 527 0.095 2.610 1.62
50 40 3.04 34.1 79.1 292 0.170 4.625 152
60 4.20 39.1 105.0 233 0.215 6.167 147
80 5.22 43.0 129.0 204 0.245 7.510 144
20 1.58 27.0 48.7 527 0.19 2.363 1.50
100 40 3.04 34.1 79.1 292 0.34 4.161 1.39
60 4.20 39.1 105.0 233 0.43 5.555 1.32
80 5.22 43.0 129.0 204 0.49 6.768 1.30
20 1.58 27.0 48.7 527 0.38 2121 1.34
200 40 3.04 34.1 79.1 292 0.68 3.723 1.22
60 4.20 39.1 105.0 233 0.86 4.980 1.19
80 5.22 43.0 129.0 204 0.96 6.060 1.16
20 1.58 27.0 48.7 527 0.76 1.910 121
400 40 3.04 34.1 79.1 292 1.36 3.360 111
60 4.20 39.1 105.0 233 172 4.635 1.10
80 5.22 43.0 129.0 204 1.92 5.760 1.10
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Figure 5. The relationship between the ratio of flexural strength to
the tensile strength and the brittleness index
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