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Reconstruction of concrete numerical model based on

damage zoning theory and CT number

FANG Jian-yin, LI Na, DANG Fa-ning, PAN You, REN Jie
(School of Civil Engineering and Architecture, Xi’an University of Technology, Xi'an 710048, Shaanxi, China)

Abstract: In order to establish a numerical model which truly reflect the internal mesoscopic
structure of concrete specimen, and study the damage evolution characteristics of mass concrete,
the uniaxial compression CT scanning test of concrete was carried out based on portable power
load equipment combined with medical Marconi M8000 spiral CT. CT images of concrete samples
under uniaxial compression were obtained. Based on the damage partition theory, a probability
statistics method to determine the threshold was proposed, and the CT scan images of concrete
were divided into aggregate area, hardened cement area and crack area. Based on the coordinates

of each resolution unit in the CT scan, a structural random numerical concrete model was
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established, and the damage evolution characteristics of concrete under wuniaxial static

compression and tension were studied. The results show that the mesoscopic structure of
structural random numerical concrete model is very close to the mesoscopic structure of concrete
samples, and the interface thickness between aggregate and mortar in this model is only about
0.04 mm, which is very close to the interface thickness of real concrete samples (10 to 50 pm).
In the condition of uniaxial tension and compressive stress, concrete microscopic cracks start to
initiate at the initial defect with relatively weak strength, with the increase of stress, cracks
expand and connect around the interface with relatively weak strength of aggregate, and the
strength of the interface largely determines the strength of concrete. In the condition of uniaxial
compressive stress, there are more cracks in the concrete samples and most of them are shear
cracks. In the condition of uniaxial tensile stress, there are more crack initiation points in the
samples at the beginning, and several cracks developed simultaneously, and however, with the
increase of the stress level, only one major crack nearly perpendicular to the loading direction is
finally generated in the sample. Under uniaxial compression or uniaxial tensile stress, due to the

slow loading speed, the crack growth in the sample does not pass through the aggregate. 2 tabs,

9 figs, 22 refs.
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Fig. 1 Intercepted sections of perfect fields
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Fig. 2 Scanning diagrams of sample at loading stage
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Fig. 3 Probability distributions statistics of CT number
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Tab.1 Cumulative probabilities of resolution cell in different thresholds

B RBUER | B | RBUWLR || B | RBUEER
0.668 1. 375 0.718 2.593 0.833 22.237
0.673 1. 566 0.723 2.926 0. 838 22.237
0.678 1. 566 0.728 2.926 0.843 30.538
0.683 1.767 0.733 3.326 0. 848 30.538
0. 688 1. 999 0.738 3.326 0.853 41. 837
0.693 1. 999 0. 808 9.819 0. 858 41. 837
0.698 2.306 0.813 12. 267 0.863 54.751
0.703 2.306 0.818 15. 937 0. 868 54.751
0.708 2.593 0.823 15.937 0.873 66.271
0.713 2.593 0. 828 15.937 0.878 66.271
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Tab.2 Material parameters of concrete components

FERH SRR/ GPa | THAALL | HURLSRJE /MPa | % B/ (kg + m™*)

R 58. 731 0.240 7 9.25 2 800
g 17. 458 0.196 0 2.78 2 200
SR 13. 967 0.200 0 1.56 2 000
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Fig.5 Numerical concrete model of stochastic structure
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Fig. 8 Axial displacement nephograms under uniaxial tensile test
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Fig. 7 Crack propagations under uniaxial compression loading
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