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Plasticity Model for Directionality of Concrete Crack Damages
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ABSTRACT The inherent characteristic of concrete tensile cracks, directional nonlocal crack damage, causes so-called rotating
tensile crack damage and softening of compressive strength. In the present study, a plasticity model was developed to describe the
behavior of reinforced concrete planar members in tension-compression. To describe the effect of directional nonlocal crack dam-
age, the concept of microplane model was combined with the plasticity model. Unlike existing models, in the proposed model, soft-
ening of compressive strength as well as the tensile crack damage were defined by the directional nonlocal crack damage. Once
a tensile cracking occurs, the microplanes of concrete are affected by the nonlocal crack damage. In the microplanes, microscopic
tension and compression failure surfaces are calculated. By integrating the microscopic failure surfaces, the macroscopic failure
surface is calculated. The proposed model was implemented to finite element analysis, and it was verified by comparisons with

the results of existing shear panel tests.
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Fig. 1 Propagation of micro-crack and development of macro-

crack
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Fig. 3 Effect of nonloal crack damage on compressive behavior of concrete : compression softening due to tensile cracking
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Fig. 7 Tensile faiure surfaces in microplanes
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Fig. 9 Compressive failure surfaces in microplanes
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Fig. 10 Tensile stress-strain relation of reinforced concrete: (a) tension
softening; (b) sfiffening stress; and (c) stress of re-bar
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2d g BAoz stuw F2d deiMe 7 e g AFA e Az 54 2 55 270 Table 19 295 o
3 FeiQ) 9A BaA A 2dE sPEsn). veks) gtk A A8 ABAE ML £=033 [f,, MPa (3]
Table 1 Summary of shear panels test
Loading Concrete Reinforcement
Refelren.ce Specimen ) P - (x10° X-direction Y-direction
o y
(panel size) 0,:0,: T, for (MP2) | gg** ( ) 7 (MPa) . (%) 7, (MPa) 2, %)
PV1 0:0:1 34.5 2.2 433 1.785 483 1.68
PV2 0:0:1 23.5 2.25 428 0.183 428 0.183
PV3 0:0:1 26.6 23 662 0483 662 0.483
Pv4 0:0:1 26.6 2.5 242 1.056 242 1.056
PV35 0:0:1 28.3 2.5 621 0.742 621 0.742
PV6 0:0:1 29.8 25 266 1.785 266 1.785
PV7 0:0:1 31.0 2.5 453 1.785 453 1.785
PVS 0:0:1 298 2.5 462 2,616 462 2,616
PV9 0:0:1 11.6 2.8 455 1.785 455 1.785
PV10 0:0:1 14.5 2.7 276 1.785 276 0.999
PVl 0:0:1 15.6 2.6 235 1.785 235 1.306
Vetio? | S T T o 0
(890;890”0 mm) Vi 0:0:1 204 323 455 1785 455 17785
)’T PV16 0:0:1 21.7 2.0 255 0.74 255 0.740
— Ty PVIS 0:0:1 19.5 22 431 1.785 412 0315
PVI19 0:0:1 19.0 2.15 458 1.785 299 0.713
4—1 ]-»O-x PV20 0:0:1 19.6 1.8 460 1.785 297 0.885
PV21 0:0:1 19.6 1.8 458 1.785 302 1.296
PV22 0:0:1 19.6 2.0 458 1.785 420 1.524
l PV23 |-039:-039:1 20.5 2.0 518 1.785 518 1.785
PV24 |-0.83:-0.83:1 23.8 19 492 1.785 492 1.785
PV25 | -0.69:-0.69: 1 19.2 1.8 466 1.785 466 1.785
PV26 0:0:1 21.3 1.85 456 1.785 463 1.009
PV27 0:0:1 20.5 1.9 442 1.785 442 1.785
PV28 032:032:1 19.0 1.85 483 1.785 483 1.785
Ohmori et al.” SM10 0:0:1 315 2.56 398 1.02 398 1.02
(2,500%2,500% 140 mm) SM14 0:0:1 314 2.7 398 1.36 398 136
i i SM20 0:0:1 28.1 2.64 398 2.04 398 2.04
Belarbi'® Fg 1.0: —g.O :0 40.1 22 447 1.27 128 0.54
F 1.0:-30:0 426 2.0 447 127 8 1.27
(13971397178 mm) g1 —75.-40. 0 190 22 7 127 498 127
PHSI1 0:0:1 722 2.68 606 323 521 0
PHS2 0:0:1 66.1 248 606 323 521 041
PHS3 0:0:1 584 244 606 323 521 0.82
PHS4 025:025:1 68.5 2.6 606 323 521 0.82
PHS5 025:025:1 52.1 2.58 606 3.23 521 041
Vecchio et al.” PHS6 |[—025:-025:1 497 225 606 323 521 041
(890x890%70 mm) PHS7 |-0.25:-025:1 53.6 2.1 606 3.23 521 0.82
PHS8 0:0:1 55.9 217 606 323 521 1.24
PHS9 [-025:-025:1 56.0 2.68 606 323 521 041
PHS10 025:025:1 514 245 606 323 521 1.24
PAl 0:0:1 499 2.09 522 1.65 522 0.82
PA2 0:0:1 43.0 1.99 522 1.65 522 0.82
*for o, and o, (+):tension and (-) : compression
** g = strain correspondlng to fii
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