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Fine characterization of spatial pore structure of Nanjing silty sand using micro-CT

ZHANG Wei, LIANG Xiao-long, TANG Xin-yu, SHI Bin, XU Yan-da, XIAO Rui
(School of Earth Sciences and Engineering, Nanjing University, Nanjing 210046, China)

Abstract: Pore structure is the index reflecting the nature of the physical and mechanical properties of the soil. The resolution
scale of the traditional medical CT is not high enough to identify the single grain or pore characterizing the meso-structure of
geo-materials. An industrial micro-CT, with a high spatial resolution of 14 pm, is used to scan a Nanjing silty sand specimen
fabricated by pluviation. The binary digital image sequence is acquired after preprocessing the CT initial images, and
three-dimensional reconstruction is implemented. Arbitrary representative elementary volume (REV) is extracted, and
three-dimensional binary matrix is used for the characterization of the REV and for the quantitative calculation. By analyzing
the tomographic images, the volume porosity of the whole specimen is calculated, with an error of only 3.93% compared with
the experimental porosity. The apparent porosity along the specimen fluctuates between 20.97 and 46.77%. Four typical
sections, one horizontal, one tilting with an angle of 60 degrees to the horizon and two orthogonal vertical sections, are
extracted from the REV at the bottom of the specimen. Statistical analysis of the preferred orientation is performed, and the
results show that the minimum orientation angle occurs at the horizontal section, and one of the two orthogonal vertical sections
exhibits the maximum orientation angle and the other exhibits the maximum anisotropic ratio, and the oblique section exhibits
approximate isotropy, namely no obvious preferred orientation. The pore network model is used for spatial pore diameter
analysis of three extracted REVs, and the results indicate that the maximum pore diameter distributes from 629 to 696 um, and
the minimum pore diameter does from 54 to 77 um, and the average pore diameter does from 166 to 185 um, and the pore
diameter concentrates from 100 to 200 um. The proposed method is capable of nondestructive quantitative analysis of pore
structure variation of the spatial soil under any effect induced by heat, water or mechanics.

Key words: micro-CT; Nanjing silty sand; threshold segmentation; 3D reconstruction; representative element volume; porosity;
preferred orientation; pore diameter distribution
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Table 1 Physical and mechanical properties of specimen

bbE LB R E4EdiE SUKE AEEMA
G, te, J£S,  E/MPa W% o)

2.69 0.706 90 7.9 23.7 31.5
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Table 2 Distribution characteristics of diameters of soil specimen

AR /%
Dgo D3 Dy
2~0.075  <0.075 Cu C.
mm /mm /mm
mm mm

99.23 0.77 0.73 029 0.19 3.842 0.606
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Fig. 1 Specimen and sample plate
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Fig. 2 Schematic diagram of imaging
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Fig. 3 Preprocessing of digital images from micro-CT
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Fig. 5 Binary matrices corresponding to binary images
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Fig. 6 Schematic of volume porosity of REV
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Fig. 7 Schematic of porosity distribution
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Fig. 8 Binary images of typical sections of REV3
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Table 3 Orientation specifications of typical sections of REV3
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Table 4 Distribution of spatial pore diameters
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