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Stress-Strain Behavior of Concrete Based on Statistical Damage Theory
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(1.School of Water Conservancy, North China University of Water Resources and Electric Power, Zhengzhou 450046, China;
2. Henan Provincial Hydraulic Structure Safety Eng. Research Center, Zhengzhou 450046, China)

Abstract: Based on statistical damage theory, the whole process of concrete damage evolution cumulative
induced catastrophe was elaborated in detail from the perspective of effective stress, the internal relation
between mesoscopic damage mechanism and macro-mechanical behavior was analyzed. A statistical damage
model of concrete under uniaxial tension and compression considering the influence of strength grade was
established. Two mesoscopic damage models for fracture and yield were considered in the model, which
was corresponded to the “deterioration” and “strengthening” mechanisms of microstructure respectively.
The peak nominal stress state was distinguished from the critical state, and the critical state was used as
the precursor of damage localization. The analysis results show that the model can predict the macroscopic
stress-strain behavior of concrete with different strength grades(C20-C80) under uniaxial tension and com-
pression, and can reflect the influence law of strength grade on the mesoscopic damage evolution process of
concrete. With the increase of strength grade, the characteristic parameters of the evolution process of me-
soscopic {racture and yield damage show significantly regular change trend. The mesoscopic damage mech-
anism ultimately determines the macro-nonlinear stress-strain behavior of concrete, and the yield damage

mode plays a decisive role in the whole process.
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(b) Relationship between mesoscopic damage mechanism and
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Fig. 1 Deformation and failure process of concrete under uniaxial tension
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Fig. 2 Deformation and failure process of concrete under uniaxial compression
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Fig.3 Influence of concrete strength grade on mesoscopic damage evolution mechanism
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Table 1 Calculation parameters
Strength Uniaxial tension Uniaxial compression
grade € X10° e, X100 g, X10° H, R € X100 g X10° g, X10° H. R
C20 37.763 74. 841 110. 779 0.163 0.999 0 0.002 5.948 335. 704 0. 094 0.998 2
C25 39. 448 85.162 117.534 0. 170 0.998 1 3. 166 10. 254 392. 608 0.172 0.998 2
C30 45.521 96. 021 120. 944 0. 180 0.9977 6.871 37.350 415. 435 0.199 0.9997
C35 48.151 99.763 126. 422 0.193 0.997 5 0. 794 64. 393 462. 614 273 0.999 8
C40 54. 315 107.716 130. 115 0.214 0.999 1 13.623 96. 662 471. 884 0.278 0.999 8
C45 56. 280 113.568 133.542 0.225 0.998 1 10. 280 131. 983 495. 108 0. 321 0.9997
C50 57.090 115. 298 137.798 0. 238 0.997 9 11. 903 163. 826 514. 359 0. 360 0.999 6
C55 57.746 123.561 141. 980 0. 266 0.9956 18.003 208. 429 520. 184 0. 382 0.999 1
C60 58. 547 124. 181 145. 066 0. 275 0.9956 21. 489 255. 230 538. 995 0. 409 0.9997
C65 62.526 126. 552 147. 099 0. 288 0.996 3 33.220 294.712 546. 286 0.422 0.999 8
C70 65.409 127.163 149.721 0. 307 0.997 0 42.929 326. 538 562. 272 0. 446 0.999 8
C75 67. 840 131. 157 151. 315 0. 324 0.997 8 55.194 368. 404 573. 840 0.476 0.999 8
C80 71.014 136.673 152. 989 0. 351 0.9977 72. 849 396. 530 587. 365 0. 506 0.999 6
35¢ 4r
------------ Standard curve
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(a) Nominal stress-strain curves (b) Effective stress-strain curves
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Fig.4 Stress-strain curves under uniaxial tension
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