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(Fracture Behavior and Crack Growth of Concrete
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ABSTRACT

Concrete, a mixed material, has heterogeniety, anisotrophy and nonlinearity. Therefore, in its
‘racture analysis, it is more reasonable to evaluate its fracture toughness by applying the concept of
racture mechanics rather than the strength concept.

Up to the present the concepts of fracture mechanics which were applied to concrete have been
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divided into two main classes. The one is the concept of linear elastic fracture mechanics and the other
is the concept of elastic—plastic fracture mechanics. But it has been pointed out that there are many
problems and irrationalities in applying the concept of linear elastic fracture mechanics to concrete.

In this study, the J—integral method and the COD method mainly used in the analysis of nonlinear
fracture mechanics, were introduced and the three point bending test was carried out for investigating
the effects of the variation of the maximum aggregate size and notch depth on the fracture behavior
and the crack growth of concrete, and the relationships of fracture energy and crack opening
displacement.

According to the results of this study the more the maximum aggregate size and the notch depth
increased, the more the nonlinearity of load—deflection behavior was remarkable. The increase of the
coarse aggregate size created the more ductility of concrete. Thus concrete showed the more stable
fracture.

As for the path of the crack growth, the more the coarse aggregate size increased, the more it was
irregulary deviated from the straight line but it was not almost affected by the variation of the notch
depth.

Also, the fracture energy increased according as the coarse aggregate size increased and the notch

depth decreased.
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Table. 3—1. The COD, deflection and maximum load of each specimen
a
0.0 0.1 0.3 0.5
T3 COD 1 Pmax COD & Pmax COD 3 Pmax COD 8 Pmax

AlHEH (x107%m)| (x107%m)| (kg) [(x107%m){(x107%m)| (kg) |(X107%m)[(x107%m)| (kg) |(x107'am)|(x107%m)| (kg)
82.46 2,250 3.55 57.09 1,680 6.67 37.00 1,000 8.89 28.54 505
concrete 1 -— 65.17 2,850 3.56 38.96 1,783 5.78 44.63 1,280 8.89 19.83 530
75.81 2,400 3.33 57.58 1,780 5.60 41.26 1,250 8.22 23.99 520
mean value 74.48 2,500 3.48 51.21 1,748 6.02 40.96 1,177 8.67 24.12 518
60.52 2,650 2.44 47.60 2.030 4.67 26.00 1,010 6.67 19.60 660
concrete I - — 28.57 2,450 4.67 33.17 1,880 4.22 21.39 970 4.44 12,71 540
46.55 2,550 3.56 28.86 1,450 4.00 23.31 960 8.00 22.94 570
mean value 45.21 2,550 3.50 36.54 1,787 4.30 23.57 980 6.37 18.42 590
42.90 2,400 2.89 42.08 1,750 5.78 31.28 1,100 6.89 30.54 580
concrete IIf - 42.04 2,450 2.22 29.43 1,710 3.40 23.65 1,010 7.78 16.29 560
30.03 2,600 4.44 21.34 1,700 4.89 13.19 940 8.89 9.37 460
mean value 38.32 2,483 3.18 30.95 1,720 4.69 22.71 1,017 7.85 18.73 533
17.16 1,450 3.75 11.82 930 5.95 12.11 745 8.00 7.50 380
mortar —-— 28.60 1,450 2.38 27.16 1,100 4.76 21.57 750 7.78 15.45 540
32.89 2.050 4.05 19.27 1,180 5.95 14.40 760 6.07 8.82 390
mean value 26.22 1,650 3.39 19.42 1,070 5.55 16.03 752 7.28 10.59 437
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Table. 3—2. The integral area, fracture energy and compliance of each specimen

a

0.0 0.1 0.3 0.5
T & A J=2A/Bb| compliance A J=2A/Bb| compliance A J=2A/Bb| compliance A J=2A/Bb |compliance
AREF (kg-cm) | (kg/cm) | (mx10/kg)| (kg-cm)| (kg/em) | (mmx107/kg)| (kg-cm) | (ke/am) | (enx10-*/kg)| (kg-cm) (kg/cm) |(cnx107/kg
79.4820 1 0.5299 0.0366 |[22.8762| 0.1695 0.0339 |[18.5102( 0.1763 0.0370 7.0497 0.940 0.0565
concrete I 76.0373{ 0.5069 0.0229 |[32.4848] 0.2406 0.0219 {25.9236 ] 0.2469 0.0349 4.9984 0,0666 0.0374
91.6023 | 0.6107 0.0316 |45.9989| 0.3407 0.0323 | 26.0379| 0.2525 0.0330 5.8725 0.0783 0.0461
mean value | 82.3739 | 0.5492 0.0304 | 33.7866| 0.2503 0.0294 | 23.4906 | 0.2252 0.0349 5.9735 0.0796 0.0467
60.4798 | 0.4032 0.0228 | 41.4532| 0.3071 0.0234 13.2509 | 0.1262 0.0257 6.6013 0.0880 0.0267
concrete I |44.9687 | 0.2998 0.0117 |28.2535| 0.2093 0.0176 | 10.5570| 0.1005 0.0221 3.3502 0.0447 0.0235
55.4271 0.3695 0.0183 | 21.0482] 0.1559 0.0199 11.1132 | 0.1058 0.0243 6.4802 0.0854 0.0402
mean value | 53.6252 | 0.3575 0.0176 | 30.2516( 0.2241 0.0203 11.6404 | 0.1108 0.0240 5.4532 0.0727 0.0301
55.5343 | 0.3702 0.0179 | 36.1698; 0.2679 0.0240 | 15.8881 | 0.1513 0.0284 8.6566 0.1154 0.0527
concrete I | 50.5666 | 0.3371 0.0172 | 23.4110{ 0.1734 0.0172 10.3366 | 0.0984 0.0234 4,5157 0.0602 0.0291
36.7631 | 0.2451 0.016 16.4048) 0.1215 0.0125 5.5483 | 0.0528 0.0140 2.1122 0.0282 0.0204
mean value | 47.6213] 0.3175 0.0155 | 25.3285{ 0.1876 0.0179 10.5777 | 0.1008 0.0219 5.0948 0.0679 0.0341
15.1069 | 0.1007 0.0118 5.0388( 0.0373 0.0127 4.3793 0.0417 0.0163 1.4872 0.0198 0.0197
mortar 20.1860 | 0.1346 0.0197 |13.6520| 0.1012 0.0247 7.6577 0.0729 0.0288 4.7664 0.0636 0.0286
30.9265 | 0.2062 0.0160 |[10.5841| 0.0784 0.0163 5.9057 0.0562 0.0189 1.9206 0.0256 0.0226
mean value | 20.0731{ 0.1472 0.0158 9.7583( 0.0723 0.0179 5.5809 0.0569 0.0213 2.7247 0.0363 0.0236

Z32| B8 X
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