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Variation of Bilinear Stress-Crack Opening Relation for Tensile Cracking of
Concrete at Early Ages
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ABSTRACT One of the most vulnerable properties in concrete is tensile cracking, which usually happens at early ages due to
hydration heat and shrinkage. In order to accurately predict the early age cracking, it needs to find out how stress-crack opening
relation is varying over time. In this study, inverse analyses were performed with the existing experimental data for wedge-splitting
tests, and the parameters of the softening curve for the stress-crack opening relation were determined from the best fits of the mea-
sured load-CMOD curves. Based on the optimized softening curve, variation of fracture energy over time was first examined, and
a model for the stress-crack opening relation at early ages was suggested considering the found feature of the fracture energy. The
model was verified by comparisons of the peak loads, CMODs at peak loads, and fracture energies obtained from the experiments
and the inverse analysis.
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Fig. 1 Bilinear relation between tensile stress and crack
opening
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Fig. 2 Dimension of specimen and wedge splitting test setup®
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Fig. 5 Finite element mesh for wedge splitting specimen
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Fig. 6 Comparison between measured Load-CMOD and
Load-CMOD obtained from the best fits

Table 2 Measured compressive strength and elastic modulus, and parameters of the optimized softening curves

Mix Age | Notation of | Compressive Elastic Parameters of softening curve Fracture energy
(days) | specimen |strength (MPa)|modulus (GPa)| 7; (MPa) | f; (MPa) | w; (mm) | w, (mm) [Grx10" (N/mm)

1 LS-1 3.92 7.65 0.28 0.14 0.031 0.254 2.20

3 LS-3 10.3 19.5 1.11 0.35 0.038 0.266 6.75

LS 7 LS-7 13.7 21.7 1.57 0.46 0.041 0.228 8.46

14 LS-14 15.6 23.0 1.84 0.53 0.035 0.197 8.48

28 LS-28 18.5 26.8 2.23 0.65 0.028 0.163 8.45

1 NS-1 5.49 12.9 1.08 0.32 0.032 0.245 5.61

3 NS-3 16.5 229 1.11 0.35 0.038 0.266 6.75

NS 7 NS-7 22.4 26.2 1.56 0.45 0.042 0.229 8.47

14 NS-14 26.6 26.9 2.34 0.43 0.025 0.196 7.08

28 NS-28 332 28.8 2.41 0.55 0.037 0.237 10.9

1 HS-1 16.6 243 1.72 0.39 0.032 0.196 6.51

3 HS-3 26.2 31.3 2.94 0.58 0.028 0.146 8.34

HS 7 HS-7 373 325 2.82 0.64 0.029 0.143 8.69

14 HS-14 52.1 33.8 3.56 0.65 0.022 0.120 7.89

28 HS-28 58.0 35.8 3.22 0.67 0.025 0.123 8.03
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Table 3 Parameters determined from curve fit
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Mix cu 1 G
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(MPa)) (MPa) n ar (N/mm ny Psc
LS 185 | 1.05 | 1.24 | 390 | 0.061 | 0.714
NS | 332 | 1.09 | 0.636 | 5.03 | 0.062 | 0.354 | 0.353
HS 58.0 | 1.66 | 0.423 | 5.05 | 0.068 | 0.117
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