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ABSTRACT

The objective of this study is to examine the fracture characteristics of concrete at early ages such as critical
stress intensity factor, critical crack-tip opening displacement, fracture energy, and bilinear softening curve based on
the concepts of the effective—elastic crack model and the cohesive crack model.

A wedge splitting test for Mode I was performed on cubic wedge specimens with a notch at the edge. By taking
various strengths and ages, load-crack mouth opening displacement curves were obtained, and the results were
analyzed by linear elastic fracture mechanics and the finite element method.

The results from the test and analysis showed that critical stress intensity factor and fracture energy increased,
and critical crack-tip opening displacement decreased with concrete ages from 1 day to 28 days. By numerical
analysis, four parameters of bilinear softening curve from 1 day to 28 days were obtained. The obtained fracture
parameters and bilinear softening curves at early ages may be used as a fracture criterion and an input data for finite

element analysis of concrete at early ages.

Keywords : critical stress intensity factor, critical crack~tip opening displacement, fracture energy, bilinear softening

curve, wedge splitting test, early ages
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Fig. 1 Effective elastic crack profile and definition of
crack-tip opening displacement in Z2-parameter
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Table 1 Mix proportion of concrete
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Fig. 4 Test specimen used in wedge splitting test

(c) Overall test set

(b) Cilp gauge and loading
device setting

Fig. 5 Wedge splitting test procedure

Unit weight(kg/m’
Waterjcement Fine aggregate nit weight(kg/m’)
ratio(%6) ratio(%) Water Cement Fine aggregate |Coarse aggregate | Super plasticizer
70 42 185 268 726 1002 0.15%
55 42 185 342 727 1030 0.3%
30 41 160 533 712 1090 1%
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Table 2 Proterties of concrete

Age Compressive 1 Tensile Elastic
Type (days) strengt}g strengtlzl I%’lOdllhlS ,
(kgf/cm®) (kgf/cm”) | (A0° kgf/cm?)

1 41 2.84 0.99

3 106 15.7 1.77

LS 7 143 184 2.06

14 157 24.8 2.14

28 187 29.6 247

1.5 58 159 1.33

35 169 22.7 2.34

NS 7.75 226 333 2.68

14.75 273 37.7 2.74

28.5 338 40.0 2.96

1 168 29.6 2.25

3.25 266 39.3 3.03

HS 7.33 382 39.9 3.37

14.75 533 46.8 3.43

28 530 49.6 3.66
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Table 3 Fracture characteristics of concrete at early ages

Age CTOD. K. Gr
Type

{days) {(mm) (Mpa m"® | (N/m)

1 0.0628 0.6126 25.84

3 0.0355 0.8907 101.31

LS 7 0.0292 1.0986 132.61
14 0.0282 1.2579 132.60
28 0.0272 1.4308 132.63

15 0.0414 0.7694 93.11

35 0.0302 1.0397 113.31
NS 7.75 0.0253 1.2430 130.22
14.75 0.0233 1.3113 138.63
285 0.0195 1.3327 173.14

1 0.0309 1.1807 99.23
3.25 0.0270 1.5254 126.19
HS 7.33 0.0237 1.4961 139.40
14.75 0.0211 1.6123 139.91
28 0.0179 1.6225 147.12
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